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The concept of framing from anthropology and sociolinguistics is useful for understanding student
reasoning. For example, a student may frame a learning activity as an opportunity for sensemak-
ing or as an assignment to bll out a worksheet. The studentOs framing affects what she notices,
what knowledge she accesses, and how she thinks to act. We bnd evidence of framing in easily
observed features of studentsO collaborative behavior. We apply this observational methodology to
explore dynamics among behavior, framing, and the conceptual substance of student reasoning in
the context of collaborative active-learning activities in an introductory university physics course.
We bnd evidence that certain student behaviors indicate and support a relatively sophisticated epis-
temological framing of these activities, one in which students discuss the substance of the ideas at
hand.

Large college physics courses are especially challenging settings for physics instruction.
Among the challenges is the difbculty of providing opportunities for student discussion of physics
concepts. For about 20 years, reform-minded physics professors have been using OtutorialsO
(McDermott, Shaffer, & the Physics Education Group at the University of Washington, 1998),
worksheets that guide collaborative active learning in small groups around core conceptual
issues identibed by research as essential for students to address. Tutorials can be implemented
as a relatively small modibcation of the conventional lecture-based course, and there is now a
substantial body of evidence that they lead to signibcant improvement in students® conceptual
understanding (Redish & McDermott, 1999).

That evidence, however, is almost exclusively in the form of pre- and post-testing with qual-
itative and quantitative examinations. Although gains in student scores support researchersO
conjectures regarding what contributes to student learning, there has been little direct investiga-
tion of what happens during the instructional activities. Meanwhile, these curricula have not led
to corresponding gains in scores on measures of student expectations and epistemologiesNhow
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students understand what knowledge, reasoning, and learning in physics entail. In fact, students
in most introductory courses, including those that use tutorials, tend to come away with less
sophisticated views of knowledge and learning in physics courses than when they began the
course (Redish, Saul, & Steinberg, 1998). This seems discrepant: ShouldnOt students who are
more successful at learning also become more aware of what successful learning entails? Why
would experiences that improve conceptual understanding lead to OdeteriorationO (Redish et al.,
1998) of expectations?

There are several possibilities, some of which give cause for concern. One is that students
come to see introductory physics as detached from everyday experience: surveys at the end of
every course in Redish et al.Os (1998) study indicated students saw physics as less connected to
their experience than they did at the start. Another possibility is that student epistemologies as
measured by an explicit survey do not re3ect their epistemologies in contexts of reasoning within
the course; responding to a survey is a very different context from reasoning about physical
phenomena (Hammer, 1994). Perhaps studentsO Opractical epistemologiesO (Sandoval, 2005)
come to be more sophisticated than the survey detects.

The possibly problematic relationship between studentsO conceptual and epistemological
learning motivates us to study students® work during tutorials in detail. In particular, we
hope to learn how they understand the activity of tutorials with respect to knowledge, rea-
soning, and learning. What are their perceptions of its goals, and what methods do they
believe will serve them best? As we elaborate in this article, we are interested to study stu-
dents@pistemological framingf the activity. To address the possibility of contextual depen-
dence, we study their worln situ, rather than interrupting it with a survey or specialized
interview.

At the start of this study, the brst author set out to formulate a systematic observational
protocol: What could we look for in the video data as evidence of how students understand the
activity? Initial exploration of video data led to the discovery of four distinct patterns of the
studentsd physical behavior. In some segments of video, for example, the students are bent over
their worksheets, talking in subdued voices with their hands relatively still; in other segments, they
are sitting up straight, looking at each other, speaking in loud voices, and gesturing prolibcally.
These clusters of co-occurring behaviors stand out clearly; having had them described, and with
very little training, independent coders achieve 90% agreement in classifying 5-second video
segments into one of four clusters.

Our purpose in this article is to argue that these different behavioral clusters are evidence
ofNand in dynamic interaction withNstudent epistemologies. In particular, we will show that
the behavioral cluster of sitting up, speaking clearly, and gesturing frequently appears with
novel reasoning and mutually constructed understanding, indicating a framing of the activity
as discussing each otherOs conceptual ideas. In this way, we hope to contribute to research
methodology for the study of student learning and, specibcally, studentsO epistemological framing.
As well, we discuss how this work furthers a resource-based account of knowledge, reasoning,
and learning.

We begin with the construct oépistemological framingwhich we develop from pre-
vious work on framing and student epistemologies. We then present the behavioral clus-
ters evident in tutorial video data and our arguments for their connection to epistemological
framing.
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THEORETICAL FRAMEWORK
Epistemological Framing

Framingis a construct developed in anthropology and lingui$tiosiescribe how an individual

or group forms a sense of OWhat is it thatOs going on here?0 (Bateson, 1972; Goffman, 1986;
MacLachlan & Reid, 1994; Tannen, 1993). To frame an event, utterance, or situation in a particular
way is to interpret it based on previous experience: to bring to bear a structure of expectations
about a situation regarding what could happen, what portions of the information available to the
senses require attention, and what might be appropriate action. For example, monkeys engaged in
biting each other are skilled at quickly and tacitly Odeciding® whether the biting is aggression or
play (Bateson, 1972). An employee may frame a gift from her supervisor as kind attention or as
unwelcome charity. A student may frame a physics problem as an opportunity for sensemaking
or as an occasion for rote use of formulas.

In school settings, epistemological framing is of particular importance: students form a sense
of what is taking place with respect to knowledge, including, for example, what portions of
information and experience are relevant for completing assignments. Other aspects of framing
are important as well, including social framing, in which students form a sense of what to expect
of each other, of their instructor, and of themselves. For groups of students working together
collaboratively, different aspects of framing interact.

Previous analyses have found evidence of framing in the substance of part|C|pantsO speech
and in linguistic markers associated with speech a¢tswever, because frames Oemerge in
and are constituted by verbal and nonverbal interactionO (Tannen, 1993, p. 60), paraverbal and
nonverbal cues may also present evidence of framing. In any social interaction, framing presents
a communicative task in which participants collaboratively establish the nature of their shared
activity (Tannen, 1993, p. 66). Conversational partners mutually construct a type of activity
not only by speaking and listening to one another, but also by performing and observing body
language (e.g., facial expression, gesture, and posture), prosodic features of utterances (e.g.,
pitch variation, loudness, pausing, pacing), and linguistic signals (choice of vocabulary, level
of formality, choice of pronouns) (Goodwin, 2000; Tannen, 1993, p. 62). Verbal and nonverbal
displays often reinforce one another, which we expect contributes to the coherence of participants®
framing, and we may hope to identify their framing on the basis of those displays. For example,
if a speaker makes eye contact, gestures while speaking, and uses an animated voice, she is likely
both experiencing an engaged discussion herself and displaying to others that they are mutually
engaged in a discussidiif the content of her speech reinforces the show of engagement (perhaps
by its novelty, emotional content, intellectual insight, or connection to experience), then we have
multiple strands of evidence that she, as an individual, is framing the activity as an engaged

1Frames, scripts, and schemata are related and overlapping terms in the Pelds of linguistics, artibcial intelligence,
cognitive psychology, social psychology, sociology, anthropology, and other disciplines. An overview and history of the
uses of these related terms appears in ch. 1 of Tannen (1993).

2Linguistic markers include omissions, repetitions, negatives, modals, and so on and are described in ch. 1 of Tannen
(1993).

3There is the possibility of the speaker acting as though she is engaged in a lively discussion while in fact not
experiencing genuine engagement. For frame analysis in the context of acting, see Goffman (1986).
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discussion. If her partners respond in kind, both verbally and nonverbally, there is evidence that
the other participants share the framing as well.

For a more detailed example, we take an excerpt from students working on a tutorial we quote
and analyze more extensively below. Jashsiays:

In summary, for most people blah blah blah blah. . . . We shouldnOt dwell on this kind of question and
instead focus on learning exactly when. This is like one of the questions.

On video, we observe a close correspondence between the substance of JasminOs speech and her
physical behavior. The italicized portion of her statement consists of abbreviated but otherwise
verbatim statements from the worksheet. While she says those words, Jasmin is leaning over and
looking at the worksheet, using a singsong tone, speaking softly, using non-words (Oblah blahO),
and hugging her arms closely to her body. Her behavior matches the evidence from her speech,
which is that she frames the activity as a formreading aloud from a common textasminOs
expectations for this activity are indicated both physically and verbally: When you read, you
look at what you are reading. A singsong tone and lack of gestures signal recitation (Gerwing &
Bavelas, 2004; Scherr, 2008). If oneOs peers are reading the same text, it is appropriate to speak
quietly and abbreviate, because the point is more to indicate what youOre reading than to ensure
others® comprehension.

Then, when Jasmin says, OThis is like one of the questions,0 she speaks more loudly without
the singsong recital tone, pushes back from the table, and points at her paper with her pencil.
These paraverbal and nonverbal behaviors help her peers to recognize that sheOs doing something
different now: Jasmin frames the new activitycasnmenting on what sheOs just rg@agarticular,
pointing out a similarity between the worksheet task and another question she expects is familiar
to her peers). Again, her behavior matches the substance of what she is saying. Her clear, loud
voice denotes original speech rather than recitation; she indicates that she is nowahiking
the worksheet (rather than reading from it) both by pointing to it and by distancing her body
from it. One of her partners, Sheryl, recognizes this change in the moment and knows what sheOs
referring to: she sits up, looks at Jasmin, and says, OYeah, this is question six on the homework.O

Humans are continually confronted with interpretive tasks such as the one Sheryl faced in
understanding Jasmin. In order to understand what an utterance means, we have to sense what kind
of activity the utterance is part of; that is, we have to frame the activity. Is it reading, commenting,
explaining, imitating, chatting? We make this interpretation based on verbal, paraverbal, and
nonverbal cues in the interactionNbased not onlyweinat people saput also orhow they say
itNand we think and act in response to the interpretation we make.

In the examples of behavioral analysis that follow, we analyze several cases of student in-
teractions to show how verbal and nonverbal displays reinforce one another, contributing to the
participantsO mutual understanding of what is taking place and providing evidence for research.
We apply this observational methodology to explore dynamics among behavior, framing, and the
conceptual substance of student reasoning in the context of collaborative active-learning activities
in an introductory university physics course. We bnd evidence that certain student behaviors in-
dicate and support a more sophisticated epistemological framing of these activities, one in which
students discuss the substance of the ideas at hand.

4students® names are pseudonyms.
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Continuity Between Cognitive and Group Dynamics

The other task of this article is to articulate the dynamic between epistemological framing and the
substance of student thinking. This interplay between studentsO behavior, conceptual reasoning,
and epistemological framing calls for theoretical continuity between individual cognition and
group dynamics.

A resource modedf knowledge and reasoning provides this continuity. Our larger program
of research to develop resource models (Hammer, 2000; Redish, 2004; Scherr, 2007) is in line
with diSessaOs (1993) model of intuitive physics as made up of bne-grained, context sensitive
Ophenomenological pr|m|t|veso and, more generally, with MinskyOs (1986) model of mind as
consisting of manifold cognitive Oagents.O Hammer and Elby (2002) proposed modeling intuitive
epistemologies in terms of epistemological resources, rather than using beliefs, theories, or
stages of development as the units of cognitive structure. That is, rather than attributing unitary
epistemologies to students, such as that knowledge is received from authority, certain, or simple
(see review in Hofer & Pintrich, 2002), this view attributes a variety of resources for thinking
about knowledge in different ways at different times. From early ages, students have resources
for thinking of knowledge as received, as inferred from other knowledge, as invented, or as
perceived. They have resources as well for understanding a wide variety of kinds of knowledge,
epistemic activities, and stancesNfacts, stories, lists, rules, suppositions, doubt, certainty, and so
onNresources they may activate or not depending on the particular situation. Thus a resource-
based view of epistemologies accounts for the variability and multiple coherences in student
reasoning, as evident in studies focused on individual students across different contexts (Knight
& Sweeney, under review; Leach, Millar, Ryder, & Sere, 2000; Lising & Elby, 2005) and on
groups or classes (Louca, Elby, Hammer, & Kagey, 2004; Rosenberg, Hammer, & Phelan, 2006;
Roth & Roychoudhury, 1994; Sandoval, 2003).

Redish (2004) proposed the ideapistemological frames connect this work to the construct
of framing in linguistics and anthropology. At the level of resources, we take a frame to be a locally
coherent pattern of activationsNOcoherentO in that the pattern holds together for some length of
time and OlocalO in that the coherence may be particular to the moment or context (Hammer,
Elby, Scherr, & Redish, 2005). This is a dynamic systems account of framing; coherences emerge
from the activations and interactions of many cognitive elements. They may involve resources
within an individualOs mind or across multiple individuals or a group. Framing is debned in the
literature in terms of individual reasoning (Tannen, 1993) and of social dynamics (Goffman,
1986); a resource-based model of framing smoothly links this discourse dynamics with models
of individual cognition (Brown & Hammer, 2008). In the examples of behavioral analysis that
follow, we show connections between the substance of individual students® thinking and the
nature of interactions among members of the group.

CONTEXT FOR RESEARCH

The tutorials took place as part of a two-semester algebra-based introductory physics course at
the University of Maryland, with approximately 160 students in each lecture section, most of
whom are junior and senior health and life science majors. More than half are female and there is
wide ethnic diversity re3ecting the student population of the University of Maryland. The course
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was reformed as part of a project titledarning How to Learn Science: Physics for Bioscience
Majors, carried out at the University of Maryland from 2000D2005. The project adopted reforms
that were well documented to produce conceptual gains and adapted them to try to create a
coherent package that produced epistemological and metacognitive gains. We hoped that this
could be done without sacribcing the conceptual gains associated with these reforms; fortunately,
the project succeeded in this respect (Redish & Hammer, 2008).

As part of the course reform, the traditional teaching-assistant-led recitation was replaced
with worksheet-based group-learning activities (OtutorialsO) based on the model developed at
the University of Washington (McDermott et al., 1998; McDermott, Shaffer, & Somers, 1994).

In the tutorial sessions, students worked in small groups on worksheets that led them to make
predictions and compare various lines of reasoning in order to build an understanding of basic
concepts. Teaching assistants (TAs) served as facilitators rather than as lecturers. Each class
section consisted of bve groups of four students each, supervised by two TAs. The tutorials were
constructed to emphasize the reconciliation of everyday, intuitive thinking and experience with
formal scientibc thinking, as well as to encourage explicit epistemological discussions about the
learning process (Elby, 2001). They are distributed as part of a project whose purpose is to provide
instructors with the materials and resources to implement similar tutorials at their own institutions
(titled Helping Students Learn How To Learn: Open-Source Physics Worksheets Integrated With
TA Development Resourd€klby et al., 2007).

The Helping Students Learn How To Leapnoject made extensive use of video of students
working on these tutorials, both to assess the effectiveness of the tutorials and to develop resources
forinstructors who wanted to implement them. Approximately 380 hours of student tutorial groups
were collected during thieearning How To Learn Sciengeoject. From that library, thElelping
Students Learn How To Leaproject selected videotapes from a single academic year in which
the students rated the tutorials highly, most of the TAs were members of the Physics Education
Research (PER) Group experienced with tutorial instruction, and the lecturers were PER experts
who supported the tutorial part of the curriculum. From the collection of tapes from that academic
year, the project selected seven groups that observers identibPed as being OwatchableO: They were
consistently on-task and talked to each other frequéntly.

For the study reported in this article, we selected three of the best-tested tutorials from the
set of tutorials published in thidelping Students Learn How To LeapmojectNtutorials that
cover basic topics common to most introductory physics curricula (NewtonOs third law, free-
body diagrams, and electrostatics). We randomly selected three student groups from the groups
published with that project. We represent the student groups with letters (A, B, and C). We
analyzed group A doing the NewtonOs third law tutorial and a tutorial on free-body diagrams,
group B doing the tutorial on electrostatics, and group C (in the same classroom and with the
same TA as group A) doing the tutorial on NewtonOs third law. The Pnal data set for this study
thus consists of four hours of tutorial videotape documenting three different groups of students
working on three different tutorials. In what follows we describe in some detail our analysis of
group A working on the NewtonOs third law tutorial, and give one example each from our analyses

5These groups were not the only OwatchableO groups; some videotaped groups were not classibed. These groups
included average, above-average, and below-average students as measured by their overall performance in the course.
OWatchableO groups were not typically better than average or more successful in mastering the conceptual content of the
tutorials, except to the extent that on-task groups tend to do better than off-task groups.
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of group B working on the electrostatics tutorial and group C working on the NewtonOs third law
tutorial.

In selecting the data for the study presented in this article, we did not attempt to create a
representative set of videotapes. Instead, our data set represents a small set of examples drawn
from a Obest-case scenarioO: a carefully designed, well-functioning class with experienced TAs,
supportive instructors, well-tested tutorials, and relatively engaged students.

IDENTIFYING AND INTERPRETING BEHAVIORAL CLUSTERS

As mentioned in the introduction, we have found four distinct patterns of students® physical
behavior in the data for this study. In what follows we present the method we used to identify
these behavioral clusters and the content of each of the four clusters that we identibed.

Methodology

In order to identify clusters of behaviors that appear in our data set, coders independently watch
video of small groups of students and note the exact tincbafges irthe studentsO vocal register,
affect, grammar, gesture production, and body language. Having noted changes in behavioral
clusters, we then systematically identify the features of the behavioral cluster: hand motions
including gestures (Goldin-Meadow, 2003), facial aspect, body position and/or movement, vocal
register, gaze, and so on. We label the behavioral clusters with meaning-neutral labels (colors).
Identifying the behaviors within each cluster permits coders to reliably observe when students
participate again in a behavioral cluster the coder had previously identibed (i.e., shift back into a
certain cluster after engaging in other behaviors).

Coding is performed in real time without transcript. At least two researchers code the changes
independently. TannenOs (1993) research led us to expect that clusters of behaviors typically
change all at once for an entire group of participants, and that is typically the case in our data.
Coders are able to code the whole group reliably (peers typically share the same behavioral
clustef). The behavioral clusters are distinct and easy to identify, with over 95% inter-rater
reliability on the identibcation of the cluster type and 90% inter-rater reliability (before discussion)
on the timing of the transitions, to 5 secondsO accuracy.

Working in this way, we identibed four clusters of behavior that applied to all three groups we
studied. The fact that the behavioral clusters identibed for one group appeared in others as well
is a bnding in itself, probably ref3ecting a set of cultural norms shared by the participants (almost
all of whom are junior and senior university students).

5This result is partially to be expected: because peersO activity together is mutually constructed, it is natural that they
should share their framing of a given situation and therefore participate in the same behavioral cluster. On the other hand,
it seems possible that individuals could Oopt outO of the framing mutually constructed by the others in the group. This
article reports brief occurrences of such opting-out or mismatch of framings. However, the great majority of the time,
peers share the same behavioral cluster.
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FIGURE 1 Nonverbal cues indicate reading from a shared text.

Behavioral Clusters Defined

Blue Behavioral Cluster. In the behavioral cluster that we have labeled Oblue,0 studentsO
eyes are primarily on their papers with brief glances up at their peers. Their bodies lean forward
at an angle of about 3@o the vertical, their hands are mainly at rest (few gestures), and their
faces are relatively neutral; Figure 1 is typical. Their tone of voice is low, quiet, and indistinct
(muttering); when they speak to one another, they brieRy and quietly speak with rising intonation,
and answer brie3y and quietly with falling intonation. The initiator often utters an incomplete
sentence that is completed by a peer.

Green Behavioral Cluster. In the OgreenO behavioral cluster, students sit straight up and
make frequent eye contact with one another, as shown in Figure 2. Their faces and voices are
animated; they gesture relatively prolibcally and engage in clear, loud, dynamic speech.

FIGURE 2 Students in the green behavioral cluster typically sit straight up, make eye contact, and gesture.
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TABLE 1
Specific Behaviors Found in Each Cluster and Expectations Likely to be Associated with Those Behaviors

Blue: Worksheet Frame

Green: Discussion Frame

Behavior Expectation

Behavior Expectation

Minimal interaction,
individual activity
Attention belongs on the
worksheet
OCheck-insO expected

Hands quiet, face neutral

Body leans forward, eyes
on paper
Brief glances at peers

Peers are watching and
want to understand
Intellectual and/or
emotional engagement
Sit up straight, eye contact Attention belongs on

Prolibc gesturing

Animated tone, face

peers
Muttering Peers not attending to Clear utterances Peer interest in details of
details of speech speech
Red: TA Frame Yellow: Joking Frame
Behavior Expectation Behavior Expectation
Sit up straight; eye Attention belongs on TA Giggle, smile, self-touch, Embarrassment,

contact with TA

Reduced gestures Rehashing thinking

bdget, unsettled gaze perceived vulnerability

Red Behavioral Cluster.

The OredO behavioral cluster involves the students® interaction

with a teaching assistant, although students need not exhibit the red behavioral cluster all
the time that a TA is preseftThe students speak little and make eye contact with the TA.
They sit straight with their bodies still, and their hands are relatively quiet except for habitual

movements.

Yellow Behavioral Cluster.

In the OyellowO behavioral cluster, students giggle or smile,

and have hedging or joking tones of voice. They shift their bodies around in their seats and
touch their own faces and hair. Their gaze is unsettled, moving among peers, papers, and other
points in the room. The yellow behavioral cluster appears to be somewhat less stable than
the other three clusters identibed in our examples: although it recurs regularly, it rarely lasts
even as much as 30 seconds, whereas the other three clusters often persist for minutes at a

time.

A summary of the features of the four behavioral clusters appears in Table 1.

Behavioral Clusters Interpreted

We labeled the behavioral clusters with colors, in an attempt to suspend our inclinations to
interpret them while we debned the specibc physical behaviors involved. Having arrived at these
dePnitions and shown inter-rater reliability, we shifted to interpretation: What do these different
behavioral clusters suggest with respect to epistemological framing? For us, as we expect for

“Sometimes, for example, they exhibit OgreenO behaviors with a TA nearby or even joining the discussion.
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the students, this interpretation is automatic and unconsciousNit is difbcult not to do it. That is
reason for attending to it systematically in analyzing student thinking.

The behaviors associated with the blue and green behavioral clusters indicate very different
framings of the tutorial activity, in spite of the fact that both might loosely be called Oworking
collaboratively on the tutorial.O In the blue behavioral cluster, the fact that studentsO eyes are on
their papers and their bodies lean over the desks sends the message that their main interaction
is with the worksheet. StudentsO neutral facial expressions and lack of gestures further suggest
that they expect only a modest level of interaction with their peers. They occasionally glance
at one another, indicating an expectation of Ocheck-insO with peers, and they do often speak to
one another, typically reading from the worksheet, giving brief status reports of their progress,
and requesting or providing information. The students evidently frame the activity as primarily
completing the tutorial worksheet.

The green behavioral cluster, on the other hand, is characterized by speech delivered in
relatively loud, animated voices, indicating intellectual and/or emotional engagement. Sitting
up straight and making eye contact with one another, students display an expectation that their
attention belongs on their peers. Their clear utterances and proliPc gestures indicate further that
they expect their peers to pay careful attention to what they are trying to express. Watching
students behave in this way, we understand them and they understand each other to be engaged
in adiscussion.

In the red cluster, students display expectations that their attention belongs on the TA, sug-
gesting that they frame the activity Bstening to the TAVariations of the red behavioral cluster
sometimes include students responding to TA requests for explanations of phenomena that the
students had already discussed among themselves. In those cases, the red behavioral cluster
includes students speaking more dynamically and gesturing. The verbalizations and gestures,
however, have a different quality than those observed in the green frame; the gestures, for exam-
ple, are often reduced versions of gestures originally made during the green behavioral cluster
(Scherr, 2008). StudentsO attention remains primarily on the TA, as indicated by gaze and body
orientation. In those cases, however, it might be more accurate to label the actigspanading
to (rather tharistening tg the TA.

The yellow cluster of behaviors is less straightforward to interpret than the others. On the one
hand, they seem to indicate social discomfort or perceived vulnerability: Students avoid direct
eye contact, bdget in their seats, and bPddle with objects. On the other hand, they laugh, smile,
and appear to joke with one another, behavior that indicates plegse characterizations are not
mutually exclusive; play is a Ononliteral orientationO (Tannen, 1993, p. 114) that may be initiated
as a cover for actions involving some personal risk. This behavioral ambiguity corresponds to
ambiguity in the communicated substance of student thinking; we describe an example later
in the article. We refer to the frame indicated by the yellow cluster agakiag frameto
include the sense that students are signaling that the content of their speech should not be taken
literally (even though they may also intend, on some level, to explore the ideas they express; see
later).

Table 1 details the behaviors characterizing the different behavioral clusters and the ex-
pectations we take them to indicate. To be clear, we are describing our interpretations as
what we expect is shared cultural knowledge, shared among students, researchers, and most
readers of this journal. The analyses of specibc episodes that follow will support these
interpretations.
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ANALYSES OF STUDENT BEHAVIOR
AND EPISTEMOLOGICAL FRAMING

In what follows we describe in detail some of the shifts in behavioral clusters that we observed in

our analysis of the selected groups and tutorials, and we show that those shifts correspond to shifts

in the substance of studentsO reasoning as evident in their speech and gestures. Taken together, the
students® behavior, speech, and gestures support interpretations of the studentsO epistemological
framing.

First Episode: Group A on Newton’s Third Law

In the Prst 3 minutes of working actively on the tutorial worksheet on NewtonOs third law, the
students in group A consider the brst several questions that the worksheet poses. The tutorial
begins by stating NewtonOs third law and admitting that in some cases it seems not to make
sense (an admission that is well supported by research into student understanding of Newtonian
mechanics (Boyle & Maloney, 1991; Hestenes, Wells, & Swackhamer, 1992; Maloney, 1984)).
The worksheet asks students to consider a heavy truck ramming into a parked, unoccupied car:
OAccording to common sense, which force (if either) is larger during the collision: the force
exerted by the truck on the car, or the force exerted by the car on the truck?O Figure 3 shows

The main point of this tutorial is helping you learn more strategies for learning physics
concepts that seem to defy common sense.

1. Newton’s third law and common sense
According to NewtonOs third law, when two objects interact,

The force exerted by object A on object B is equal in strength (but opposite in direction)
to the force exerted mbject B on object A.

Often, this law makes perfect sense. But in some cases, it seems not to.
Consider a heavy truck ramming into a parked, unoccupied car.

A. According to common sense, which force (if either) is larger during the collision:
the force exerted by the truck on the car, or the force exerted by the car on the truck?
Explain the intuitive reasoning.

B. WeOve asked this question of many students, and a typical response goes like this:
Olntuitively, the car reacts more during the collision. (You®d rather be riding
in the truck!) So the car feels the bigger force.O
Is your groupOs explanation in part A similar to or different from this? Explain.

C. According to NewtonOs third law, which of those forces (if either) is bigger?

D. Experimentls this a case where NewtonOs third law doesnOt apply? At the front
of the room, the TA has set up an experiment that simulates a truck ramming a car.
Go do the experiment and record the results here. You can also test whether
NewtonOs third law holds for other collisions.

FIGURE 3 First excerpt of tutorial on NewtonOs third law.
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the tutorial excerpt containing the questions they are discussing. (See Elby (2001) for a detailed
description.)

In the episode below, OKendraO (K) expresses a common concern about whether the third
law applies to the situation described; OAlanO (A) and OJasminO (J) try to reconcile the third
law with the common-sense intuition that the force by the truck would be larger. OSherylO
(S) is present but does not speak in this episode. Italics denote quotations from the tutorial
worksheet.

=

. A: According to comman.

. K: Yeah, | think | donOt understand this.

. A: According to common sense, which force, if either is larger during the collision: the force
exerted by the truck on the car, the force exerted by the car on the tfick?.

4. K: | mean, the truck.

5. A: The truck, yeah.

6. A:OK, so...

7

8

[CSJN\]

. J:According to common sense, which force is larger in the collisibut?. . .
. A What?
9. J: Why are they asking that?
10. A: Oh, OK, thecar. ..
11. J: question. ..
12. A:ls your groupOs explanation in Part A similar or differeit€s similar.
13. J:Intuitively, the car reacts more, youOd rather be riding in the truck, so the car feigls
your groupOs explanation similar or different?
14. A: 1tOs the same. Right. OK, secording to NewtonOs Third Law, which of thewhich of
those forces. . .
15. K: It says theyOre equal, right?
16. A: Yeah. Should be equal.
17. K:1kinda, | could never understand that, but.

18. K (cont.): Does this go against the law then, or is it that they are equal but we just think itOs
the truck? You understand what my question. . .

19. A: We think itOs the truck because the truck doesnOt move backwards, | think. Right? Cause
if thereOs equal and opposite forces, the trucke would, if we actually saw it, weOd think
the truck would hit the car and go backwards because of the force, but since. . .

20. J: Maybe they do exert the same force, but the truck doesnOt move.

21. A: The truck doesnOt move cause | think itOs got the momentum going, youknow.

22. K: So they, they are doing the same force, it just doesnOt . . . itOs just not common sense.

23. A: Yeah, it just doesnOt register because we see the truck (K: It looks as being bigger) still
moving forward, right, right.

Behavioral Coding. In the brst part of the episode (lines 1D17), students lean over their
papers and only brieBy glance up at their peers. They rarely gesture, and their faces and
voices are relatively neutral. Overall, their behavior is well characterized by the blue behav-
ioral cluster. At the moment indicated by the horizontal line in the transcript (beginning at
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line 18), however, the students® behavior changes abruptly to that of the green behavioral clus-
ter: They sit up and make eye contact with one another, speak in clear, loud, dynamic voices,
and gesture relatively prolibcally. The green behavioral cluster continues to the end of the
episode.

There are exceptions to the above characterization of student behavior in the episode. Right at
the beginning of the episode (line 2), KendraOs statement, OYeah, | think | donOt understand this,0
is unusually clear speech compared to the other utterances that take place shortly before and after
it. Other aspects of her behavior, though, remain consistent with the blue behavioral clusterNfor
example, she remains bent over her worksheet. KendraOs statement appearing immediately before
the shift from blue to green, Ol could never understand thatO (line 17), is similar in tone to the
slightly anomalous statement at the start of the episode. We interpret the momentary contrast
between her behavior and the groupOs in the next section.

Substance of Student Thinking. The contrast between the blue and green behavioral
clusters is reRected in the substance of studentsO speech. While students are exhibiting the OblueO
behaviors, their speech consists mostly of reading worksheet questions aloud. They offer only
brief answers to or comments about the questions, and they ask only two questions of their own:
one to verify an answer (Olt says theyOre equal, right?0) and the other focused on the worksheetOs
intention (OWhy are they asking that?0).

The green cluster, in contrast, is associated with original speech about the physics ideas
in question. It begins in this episode with KendraOs question about the physics ideas: does
this situation violate NewtonOs third law, or is there some misunderstanding? Alan responds
with a perceptual reason why we might think the truckOs force was larger (it OdoesnOt move
backwardsO), implicitly asserting that the forces are equal; his explanation is incomplete, perhaps
indicating that heOs constructing it as he speaks. Jasmin adds to AlanOs reasoning by suggesting
that perhaps NewtonOs law holds in this situation (Othey do exert the same forceO) but itOs hard
to tell because Othe truck doesnOt moveO (by which she might mean that the truckOs motion is
relatively unaffected). Alan gesturally Owaves offO the collisionOs lack of effect on the truck
with reference to what he seems to identify as a different phenomenon (OmomentumO). Kendra
tries to afbrm that the vehicles exert equal forces on one another in spite of common-sense
convictions to the contrary. Alan agrees, and asserts that one may be misled by perceiving little
change in the motion of the truck (Oit just doesnOt register because we see the truck still moving
forwardO).

Epistemological Framing. The changes in behavioral cluster from blue to green correspond
with changes in the substance of the studentsO verbal exchanges. These two types of evidence
together support our identibcation of the studentsO epistemological framing: They shift from
framing their activity ascompleting the workshegin this case, leaning over the worksheet,
reading it aloud, and conPrming one anotherOs brief responses) to framimisitussing the
ideas(animatedly Pguring out how NewtonOs third law might apply to this physical situation).
We identify these framings not on the basis of the studentsO behaviors alone, or the substance of
the studentsO discussion alone. Instead, the evidence of framing is in the coherence between the
behaviors and the substance.
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The shift that we observe is a local shift; we expect these two frames are part of a larger
framing of what is taking place in this tutorial session as a whole. Studying student behavior at
this grain-size, we believe, provides insight into that larger framing as well as into its dynamics,
including the coordination of theorksheeinddiscussiorframes.

This identibcation of a shift in epistemological framing provides a basis for understanding
KendraQs locally anomalous behavior in lines 2 and 17. KendraOs initial statement may have been
a bid for the group to change its activity; the group accepted her bid the second time she made
it. We identify her bid for a frame change based entirely on her behaviors (e.g., she is brieRy
more animated). The content of her speech, however, is also similar in the two cases: she denies
understanding the situation. Her peers are likely to interpret such a statement as an implicit request
for understanding. Such a request is more consistent with framing the activity as a discussion
than with framing it as blling out a worksheet.

Second Episode: Group A on Newton’s Third law, Continued

Shortly after the episode just described, the same students consider the next question in the
tutorial. This question is epistemological: it prompts the students to ref3ect on their own views of
knowledge and learning. The question is reproduced in Figure 4.

In the episode that follows, Kendra asserts that in this case the contradiction between physics
and common sense is so extreme that thereOs no way to reconcile the two. Jasmin and Alan have
more faith that reconciliation is possible, and try to help Kendra see how the contradiction might
be resolved. A TA, who has been eavesdropping on the conversation, arrives and compliments
Kendra on her willingness to state that she does not believe NewtonOs third law can apply to this
situation. Again, statements that students read verbatim from the worksheet are italicized.

I1. What to do with the contradiction between common sense and Newton’s third law?

Before moving on to the next part of our NewtonOs third law lesson, letOs consider the
contradiction we just found between physics and common sense.

A. In summary, for most people, NewtonGs third law contradicts the common-sense intuition
that the car reacts more during the collision. Which one of the following best expresses your
attitude toward this contradiction?

i. We shouldnOt dwell on these kinds of contradictions and should instead
focus on learning exactly when NewtonGs third law does and doesnOt apply.

i. ThereOs probably some way to reconcile common sense with NewtonOs third Jaw,
though | donOt see how.

ii. Although physics usually can be reconciled with common sense,
here the contradiction between physics and common sense is so blatant
that we have to accept it.

Briefly explain why you chose the answer you chose.

B. Discuss your answer with your group. Is there a consensus or do people disagree?

FIGURE 4 Second excerpt of tutorial on NewtonOs third law.
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J:In summary, for most people blah blah blah blah. . .. We shouldn®t dwell on this kind of
guestion and instead focus on learning exactly whenThis is like one of thejuestions.
S: Yeah, this was question 6 on the homework.

A: Really?

J: Mmmhmm.

: I havenOt gotten that far. (pause)

: Why? Six is just an explanation question?

: Mmmhmm.

: Oh really?

: ThatOs why | said that was good.

: WhatOd you put? Two? Three?

Huh?

: Three?

: What do you mean?

: You put three? A?

: Oh yeah.

: You put three too?

: Hell yeah.

| put two.

CRPOPODPOUDPOANXD

. K:10m mad, so | would have picked three.

. S: Oh, you picked two?

. A Yeah, because, | mean. ..

. J: ThatOs what he even said in class, thereOs always some way to like. . .

. A: ThereOs always some way to explain

. K: You think so?

. Jand A: Yeah.

. K: I don®t think there®s any way that you can explain to me how a massive truck is going to

have the same forces oniit. ..

J: I mean, | think they do feel the same force. .. (K: | just have to accept it), itOs just one is
like. ..

K: 1 donOt see it!

J: Just .. . it justdoks like that one got the push.

A: Yeah, it always looks like the one gets pushed. . .

K: No, like. ..

A: 10m sure the truck gets like. . .

K: Think of a Porsche versus a humongous truck, (S: | know, that doesnOt make sense) how
do you explain to me. .. ?

A: OK, the Porsche would get totaled, right? But then 1Om sure the truckOs. . .

Felt the same.

: The fender probably got like, you know, messed up.

: Scratched?

: But you know, it still did get some damage, so, | mean, thereOs still some. . .

: No.

:No?

- No.

AZ>AP>PARAPC
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42. A: I1tOs not working?

43. K: ljust have to accept it.

44. TA: So, this is cool. | just heard that youOre having trouble getting, like, youOre saying no, |
canOt believe that.

45. K: Yes.

46. TA: | can accept it, but | canOt believe it. And itOs cool that you can realize that, you know,
if thatOs how it is, but | donOt get that. ThatOs what weOre gonna work on later through this
tutorial. WeOre gonna try to understand how. . .

47. J: Yeah, why that happened.

48. TA: Yeah.

49, K: OK.

50. TA: But itOs cool that you could realize that Ol donOt get that.O

51. J: 1tOs cool.

Student Behavior. During the brst minute of this episode (lines 1D25), students exhibit the
blue cluster of behaviors: eyes primarily on their papers, bodies leaning forward, hands mainly
at rest, faces relatively neutral, and vocal tone low, quiet, and indistinct. There are two brief
exceptions, Prst when Jasmin says that Othis is like one of the questionsO (line 1); she speaks
more loudly, glances up at her peers, pushes back from the table, and points at her paper with
her pencil. The second occurs when Kendra says, OHell yeahO (line 17), a delivery that is well
outside the norm of indistinct speech that characterizes the blue behavioral cluster.

The groupOs behaviors do not change, however, until a few lines later, when Kendra says, OYou
think s0?0 (line 24). KendraOs two statements (lines 17 and 24) may again be characterized as bids
for frame change, only the second of which is successful. After line 24, the students participate
in behaviors characterizing the green behavioral cluster: they sit up, make eye contact with one
another, gesture relatively prolibcally, and have animated faces and voices.

The TAOs arrival at the table precipitates another change, now to behaviors identibPed with the
red behavioral cluster. The students stop talking; their eye contact is with the TA; they sit straight
with their bodies still; and their hands are relatively quiet except for habitual movements (Jasmin
plays with her necklace, and Alan bddles with his pen and paper). For part of the time that the TA
is present, Sheryl leans forward and writes on her worksheet, behaviors that are typical of the
blue behavioral cluster rather than the red. However, we recognize her as behaving outside the
designated activity of the moment. In some ways, her contrasting behavior draws our attention to
the dominant group activities, which are those of the red behavioral cluster (Goffman, 1986, ch. 7).

Substance of Student Thinking. Again, we observe that the substance of studentsO dis-
cussion changes markedly along with their behaviors. While the students engage in the behaviors
associated with the blue cluster, the main substance of the studentsO speech (other than confer-
ring about the homework) is consulting one another about their answers to the multiple-choice
question (OWhatOd you put? Two? Three?0); Jasmin refers to Owhat he even said in classO as
justibcation for answer (ii). In this way, their interactions are primarily to convey information in
support of completing the worksheet.

As students shift to the green cluster, the substance of their conversation broadens. Kendra
challenges the idea that the collision forces are in fact equal; she is willing to accept the result
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as fact, but asserts that it is beyond reason (Ol donOt think thereOs any way that you can explain
[it] to meO). Alan offers an explanation in terms of damage to the truck (Othe fender probably got
messed upQ), an explanation that appears to strike Kendra as weak based on the incredulous tone
of her reply (OScratched?0). Alan acknowledges that heOs not persuading her (OItOs not working?O
and Kendra states that sheOs Ojust going to have to accept it.O The dialogue is original, and its
substance is both intellectually demanding and emotionally charged,; it is easy to distinguish from
the comparatively simple exchanges of information that take place during the blue cluster.

When the students shift to the red cluster of behaviors, they say little (as is generally the case
for that cluster), and we have little useful evidence of their reasoning other than their expressions
of agreement with the TAOs statements.

Epistemological Framing. Again, we see a relationship between the studentsO behavior and
their epistemological framing. The blue cluster, with its physical indications of a focus on the
worksheet, corresponds to brief comments and questions about the answers and, again, references
to authority: Jasmin says OThatOs what he even said in class, thereOs always some way to likeO
and Alan completes her thought with OThereOs always some way to explain.O The green cluster,
with its physical indications of studentsO attending to each other, corresponds to discussion about
ideas. Here the transition occurs at line 24, a shift to what Oyou thinkO from what the professor
Osaid in lectureO (line 22). Kendra challenges the idea that the force could be equal, and the group
takes that up as a topic. In this way, the studentsO behavior and words support the claim that they
shifted from framing their activity asompleting the workshe#i framing it asdiscussing ideas.

At a larger grain-size, we might understand this group as framing tutorials in general as a
collection of activities for learning the concepts of the course, of making progress through the
worksheet while monitoring their understanding for gaps or discrepancies that require attention.
That interpretation would be supported by evidence to establish that the patterns in the two
episodes from this group applied more generally across their behavior and conversation in multiple
tutorials.

When the TA arrives, there is another shift. The red cluster, with its physical indications of
the studentsO receptiveness to the teaching assistant, corresponds to the students providing only
afbrmation of his remarks. Their bodies and faces are turned attentively to the TA, and they are
mostly quiet; their minimal speech appears to be entirely aimed at acknowledging the TAOs speech
(OYes,O OYeah, why that happened,0 and OOkayO). Both behavior and speech indicate that they
are framing the activity astening to the TA.

Third Episode: Group B on Electrostatics

We turn now to a different group working on a different tutorial, in order to provide an example

of the yellow behavioral cluster, which we did not observe in the aforementioned episodes with
group A. Group B was working on the tutorial on electrostatics. Early in the tutorial, students
rubbed a Styrofoam picnic plate with a piece of wool cloth and observed that the plate became
charged as aresult. In the following episode, students discuss an exercise requesting them to draw
a diagram showing the charge on the plate and on the cloth after rubbing. The exercise is shown
in Figure 5.
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Suppose you were to take one of the foam plates and rub it with a piece of cloth.
Draw a diagram showing the charge on the plate and on the cloth. Use O+0O and OPO symbols

to indicate the parts that are charged and the type of the charge. (Can you tell whether the plate is
+ or B? If not, just pick one!)

FIGURE 5 Excerpt of tutorial on electrostatics.

In this episode, student discussion focuses on which object is positive and which is negative.
OMeganO (M) proposes that itOs not possible to tell which is which, and OVickiO (V) initially
agrees with her. ODaliaO (D) thinks a test probably exists. OChrisO (C) offers a guess that the
plate is positive; when Vicki says she would have guessed the opposite, Chris gives a half-joking
explanation of why the cloth would acquire negative charge more readily than the plate. The rest
of the group is amused by his idea, and Vicki offers to adopt his answer.

1. M: Take one of the foam plates and rub it with
2. V: Take one of the foam plates and rub it with a piece of cloth.
3. D: HereOs the plate; hereOs the cloth. [Drawing.]
4. V: How could we tell if itOs positive?
5. M: Can you tell whether the platefi$ donOt think you can tell.
6. V: 1 donOt think you can tell.
7. C:lIsthere arule that dictates which way the electrons are going to go?
8. D: ThereOs probably a way to test it, like somehow butN
9. V: IOm sure it depends on the material.
10. M: ThereOs no way, thereOs no way to tell.
11. V: But | don®t think we know right now.
12. M: Yeah.
13. D: Right. ThatOs what I0m sayinO. All right thatOs plus thatOs minus. [Drawing.]
14. C:1mean, IOd say the plate, just guessing, 10d say the plateOs positive but | donOt have a reason
for that. 1Od say thatN
15. V:1was going to say the plate was negative, but that was just guessing. [Laughter.]
16. C: | like, | would say that, it just seems to me that electrons. This [the cloth] looks like it
could hold electrons to me. [Laughter.]
17. V: OCause its soft. ThereOs room for them. [Laughter.]
18. C: ItOs soft. [Rubbing the cloth on his face.] Yeah. [Laughter from group,]
19. D: TheyOd slide off the plate.
20. V: 1tOs roomier.
21. C: 1tOs quilted, you see.
22. D: ItOs like toilet paper. [Laughter from group.]
23. V: All right weOll make the plate positive. All right?
24. C: Thank you. Appreciate that. [Laughter.]

Student Behavior. In the brst part of the episode (lines 1D14), students exhibit the blue
cluster of behaviors. Just as with group A, the students lean forward, eyes mainly on their
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papers, speaking in soft voices with little body movement or gesturing. In this episode, however,
the students do not exhibit behavior in the green cluster. Rather, after line 14 we see the set
of behaviors identibed with the yellow behavioral cluster: The students giggle and smile, use
noncommittal or gently mocking tones of voice, move around in their seats, and touch their own
hair or face. Their gaze shifts among peers, papers, and other points in the room.

Substance of Student Thinking. While they exhibit the behaviors in the blue cluster, the
students in this group have more of a conversation than we saw in the earlier episodes of group
A. The brst portion of that conversation concerns the worksheetOs instructions for what to do
(lines 1B5). In the next portion, they exchange questions and comments about the possibility of
answering the worksheet questions. They ask each other Ohow could we tellO and Ois there a
rule that dictatesO; they comment about whether there might be Ono way to tellO or venture that
OthereQOs probably a way to test it,O and offer possible answers without evidence or argument to
support them (OIOm sure it depends on the materialO; OthatOs plus thatOs minusO). Chris, in fac
remarks on not having a reason for his answer that Othe plateOs positiveO: Ol donOt have a reasor
for thatO (line 14). His admission may contribute to the shift that follows.

When Vicki responds that she was also Ojust guessingO the opposite answer, her behavior shifts
to the yellow cluster, and the rest of the group shifts with her for the remainder of the excerpt.
During this part of the conversation, the students introduce ideas in the way of explanation,
articulating their reasoning, but with a distinctively ambiguous tone. Chris, for example, may be
serious in his feeling that the texture of the cloth would make it more likely to Ohold electrons,0
or he might be making a joke. Such ambiguity can be protective for a speaker who ventures an
idea the group might judge unfavorably; Chris may pose the idea as a joke in order to incur less
risk in sharing it. Similarly, Vicki may share ChrisOs intuition as well as his nervousness about
committing to it, or she may be trying to make Chris comfortable by elaborating on his suggestion
(Oitds soft,0 OthereOs room for themO)Neither seriously or in jest. Dalia chimes in by offering a
reason that the plate would not hold electrons so well (OtheyOd slide offO), again perhaps in jest
or perhaps not. Her claim that the cloth is like Otoilet paper,O including a reference to a feature
of popular toilet tissues (Oquilted®), is more overtly humorous, but retains an association with
a potentially mechanistic account of the greater electronegativity of some materials. At the end
of the episode, Vicki offers to adopt ChrisOs answer, perhaps out of respect for his reasoning
or perhaps in a show of generosity unrelated to his ideas about the physical phenomena. Chris
expresses his appreciation, possibly for her social indulgence of his off-center behavior as much
as for her acceptance of his answer.

Epistemological Framing. Group BOs behavior at the outset of this episode bts the same
pattern we saw with group A, the blue cluster. Although the students in this group have more
conversation with each other than the students in group A did, the substance of their interactions
still bts the interpretation afompleting the worksheédr trying to) as their framing of what is
taking place.

Also, as in the second episode, students make statements that indicate their attention to
authority. Here, Chris asks for Oa rule that dictatesO which way the electrons should go, and Dalia
adds that OthereOs probably a way to test it,0 but neither offers any ideas to what such a rule or test
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might be. Their framing the activity ammpleting the worksheaffords a deference to authority
as the source of knowledge, by contrast to framing the activitlistzissing ideas

VickiOs admission that she is Ojust guessingO may be an acknowledgment of that deference.
Her lighthearted tone and altered physical behavior seem to prompt a change in both the studentsO
behavior and the substance of their conversation. The students® subsequent shifting gaze and
Pdgeting motions correspond to their expressed awkwardness in not knowing the answers to the
worksheet questions. At the same time, their giggling and smiling, along with the unrealistic
content of some of their proposals, suggest that they are playing. In other words, the students
communicate to each other both verbally and nonverbally that they frame their activity here as
joking. Still, they continue to propose and evaluate ideas: although they signal that their proposals
should not necessarily be taken literally, they may also intend, on some level, to explore the
ideas that they express. A framing of the activity as lighthearted can give license to play with
possibilities students would be reluctant to consider in a conversation framed as Oserious.O

Fourth Episode: Group C on Newton’s Third Law

In the episodes so far, we have seen that the blue behavioral cluster corresponds to a frame
of completing the worksheedften, we observe students either working silently or reading the
worksheet questions aloud. For example, in the brst episode, studentsO speech consists almost
entirely of reading aloud from the worksheet or conferring in a limited way about the responses
they have written or intend to write. Another common observation is of students in the blue cluster
talking through mathematical operations. The students in the third episode had more to say while
they were framing their activity asompleting the worksheewhich gave us (and them) further
evidence of their reasoning. In the following episode, the students in group C have still more
conversation. They are working on the NewtonOs third law tutorial (in the same room as group A,
during the same hour).

In this part of the tutorial, students are asked to imagine that the truck weighs twice as much
as the car and slows down by 5 m/s during the collision. In this episode, OLuisaO (L), OErinO (E),
OYvonneO (Y), and OHannahO (H) respond to the question, Olntuitively, how much speed does the
car gain during the collision?0 Yvonne initially proposes that the car should gain as much speed
as the truck loses. Luisa suggests that the car should gain twice as much speed as the truck loses,
because it has half the mass of he truck, and Hannah agrees with her. Luisa and Erin comment
on the possible intentions of the authors of the worksheet. In the last part of the episode, a word
overheard from the next table seems to motivate the students to clarify what they think is going
on in the collision. The exercise is reproduced in Figure 6.

1. Y: Does it gain Pve meters per second?

2. H: It should, just because

3. Y: Truck slows down bve meters, car speeds up bve meters (laughs) per second? | donOt know
4. H: Apply the intuition that the car

5. L: ShouldnOt it gain ten though?

6. E: Or gain twice as

7. L: Right, because the car is?

8. H (with L): Yeah, because itOs twice as heavy
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II1. A new strategy: Refining intuition

Before accepting that thereOs an irreconcilable contradiction between NewtonGs third law and
the intuition that the car reacts more during the collision, letOs try a reconciliation strategy
calledrefining your intuitions.

A. WeOll start with a new question. Suppose the truckOs mass is 2000 kg while the carDs mass
is 1000 kg. And suppose the truck slows down by 5 m/s during the collision. Intuitively,
how much speed does the car gain during the collision? (Apply the intuition that the ¢a
reacts more during the collision, keeping in mind that the truck is twice as heavy.)
Explain your intuitive reasoning.

FIGURE 6 Third excerpt of tutorial on NewtonOs third law.

. L: Right.
10.
11.
12.
13.
14.
15.
16.
17.

H: So, it should

L: The car is half as heavy, so itOll gain twice as much?

Y: Ah, shoot (laughs)

H: Or something, | donOt know

Y: Wow, okay.

H: Okay, when

L: ThatOs what they want us to think, but this is not the real answer.

E: This is not the right one, this is not the right one. Apparently, | think thatOs what they want
us to say.

H: This is going . .. bve . .. bve meters pecand, thatOs its what, acceleration or velocity?

Y: Speed. Velocity.

L (together with Y): Velocity.

H: Velocity.

E:Slows down by

Y: So the car gains ten meters per second?

E: I guess.

H: DidnOt he say something about how likeNsomebody in class, likeNif somethingOs touched
a velocity, or something was changed what was he talkingbout in class, something, the
masses?

[TA at next table: So what would you think intuitively?]

[Student at next table: Intuitively | was thinking that some (inaudible)]

H: I hate that word, intuitively.

Y: See intuitively, | would think that itOd slow down, | mean speed up Pve meters per second.
E: IsnOt the carNdo they mean once they hit?

H: Because it is slowing down.

Y: If the if the truck if the truck if the truck, suppose the truck slows down by Pve meters in
the collision, so if the truck is slowing down, then the car has to be speeding up.

H: The carOs not moving!

L: Yeah, itOs not moving.

E: But | think does that mean once it hits
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36. Y: No, but IOm saying it says how much does does the car gain, cause it, yeah
37. E: Cause like it goes (gestures collision)

38. Y: Yeah, thatOs, yeah.

39. E: Now wait, would actually. . .

40. Y: | think it would go from zero to bve, instead of, you know, being still. . .

41. H: Alright, if you think about it them being the same weight. . . (gestures)

42. L: Yeah

43. H: then do you think that it would push it like the same

44. Y: The same.

Student Behavior. During the prst 40 seconds of the episode (lines 1D25), students mainly
display behaviors in the blue cluster: they lean over their worksheets with their bodies still and
their hands mostly at rest or occupied with writing, speaking in relatively neutral tones. Hannah
is brieRBy more animated when she says OYeah, because itOs twice as heavyO (line 8), speaking
loudly, looking directly at Luisa, and pointing at her with her pen. When Yvonne says OAh, shootO
(line 13), there is a brief period (less than ten seconds) of behaviors associated with the yellow
cluster: the students smile, laugh, shrug, and touch their own faces or bx their hair. After each of
these short interludes, though, the studentsO attention drops back to the worksheet. Three of the
students regularly rest their foreheads on one hand.

At line 29, a change to the green behavioral cluster occurs that lasts for the remaining minute
of the episode. The students stop writing and meet each otherOs gaze directly. Their voices are
more animated and they gesture while speaking. No students rest their foreheads on their hands,
although one rests her chin.

Substance of Student Thinking. During the blue behavioral cluster in this episode, stu-
dents are not working silently or reading aloud. The substance of their interactions, though,
focuses on completing the worksheet, and, like group B in the third episode, they offer only
brief answers with minimal reasoning for support. There is a moment in which they raise ideas
(lines 5D11), when Luisa asks OShouldnOt it gain ten?0 and Hannah agrees, saying Obecause itOs
twice as heavyO; Luisa says Othe car is half as heavy, so itOll gain twice as much,O but the moment
quickly passes. YvonneOs OAh, shootO (line 12) seems to prompt Hannah to hedge her explana-
tion, and the students enter a brief interlude of yellow behaviors. Their next statements further
undermine the possibility that their answers correspond to authentic thinking on their part. Luisa
says OThatOs what they want us to think, but this is not the real answerO (line 16) and Erin agrees
that OThis is not the right one. . . Apparently, | think thatOs what they want us to sayO (line 17).

As the group returns to blue behavior, Hannah asks for veribcation of the technical label for
5 m/s (line 18: OThatOs itOs what, acceleration or velocity?0), and Yvonne and Luisa respond
(lines 19D20). Yvonne tries to establish their response to the question (line 23), and Hannah
tries unsuccessfully to recall something said in class about how velocities may be changed
(line 25). Their blue behaviors again correspond to verbal content associated with completing the
worksheet.

The studentsO switch to the green behaviors comes with a shift in their conversation, starting
with YvonneOs statement of her intuition in contrast to the answer she had heard the group
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decide (line 29). Erin and Hannah interject briel3y, and then Yvonne continues, explaining her
reasoning that if the truck slows down the car has to speed up (line 32). During what follows,
Erin and Hannah each gesture simulations of the collision (lines 37 and 41). The latter is part of
HannahOs reasoning about a situation she posed for comparison, a situation not on the worksheet,
a move Luisa (in line 42) and Yvonne (in line 44) evidently consider appropriate. In sum, in

the green behavioral cluster, the substance of studentsO conversation is the physical events under
consideratiorf.

Epistemological Framing. This episode contains evidence that while they are engaged
in the blue behaviors, the students are viewing knowledge as consisting of remembered rules
and vocabulary rather than personally constructed or authentic understanding. In this episode,
the brief occurrence of the yellow behavioral cluster is associated with content supporting the
completing the workshe&ame, rather than including new exploration of physics ideas as it did
in the electrostatics episode.

The shift to adiscussion framen which the students work together to identify the salient
elements of the physical scenario, is precipitated by a conversation overheard from the next
table: a TA says OSo what would you think intuitively?0 and a student begins her response with
Olntuitively | was thinking that. .. © Hannah seems to be responding to that conversation when
she says Ol hate that word, QintuitivelyOO (line 28). We may only speculate about the reasons
for her distaste. Perhaps she resents the vulnerability inherent in revealing her personal ideas;
alternatively, she may suspect that the worksheet authors consider her intuitions to be both
predictable and incorrect. In any case her comment highlights the tension between answering
authentically and answering correctly.

Comparison Across Groups and Tutorials

Using data from three groups of four students, we found four distinct behavioral clusters, all
of which involve communication among the participants. They arose from student behavior, not
from top-down categorization, and account for nearly all of the time that students spend engaged
in the collaborative active-learning activities under study. The same behavioral clusters were
identibed for all four groups, suggesting that the four frames indicated by the behavioral clusters
are common to many tutorial experiences. Table 1 summarizes the features of each behavioral
cluster we identibed.

Comparison of Patterns of Behavioral Clusters for Tutorial Groups in Class Periods.
We use the behavioral coding to make simple comparisons across groups and tutorials. For
example, we coded group AQs work on the entire NewtonOs third law tutorial, including the two
episodes described earlier, noting the temporal sequence of behavioral clusters and the fractions
of cumulative time for each cluster during small-group work. We also coded group B doing a
tutorial on electrostatics (including the third episode described earlier), group C working in the

8The episode continues for another 12 conversational turns before the students shift back to blue cluster behaviors.
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same class as group A on the same tutorial (NewtonOs third law, including the fourth episode
described above), and group C working on a tutorial on free-body diagrams. These different
groups and different activities show different patterns of behavioral clusters in the course of a
class. Group A, for example, spends about 50% of its time in the green behavioral cluster during
the NewtonOs third law tutorial and about 30% in the blue; the pattern is similar for group B doing
the electrostatics tutorial. However, group C, doing the third law tutorial, spends only 20% of
its time in the green behavioral cluster and about 65% of its time in the blue. Group C shows
a different pattern of behavioral clusters in another tutorial (on free-body diagrams), spending
about a third of the time in each of the blue and green behavioral clusters. The yellow behavioral
cluster accounts for only a small fraction of each groupOs time or, in one case, does not appear at
all.

Correlation Between Green Behavioral Cluster and Mechanistic Reasoning. In addi-
tion to closely analyzing the interaction between student behavior and the substance of conversa-
tion, as illustrated earlier, we are examining the data for statistical correlations. Specibcally, we
have looked for correlation between the green behavioral cluster (discussion frame) and reason-
ing about the causal mechanisms that underlie natural phenomena. As debned by Russ, Scherr,
Hammer, and Mikeska (2008), mechanistic reasoning about a physical phenomenon involves
several elements: describing the target phenomenon, identifying setup conditions, identifying
entities, identifying actions, identifying properties of entities, identifying the organization of
entities, and OchainingO (verbally expressed logical inference). Russ et al. (2008) developed a
coding scheme based on these elements as a systematic means of analyzing student conversa-
tion for evidence that they are reasoning about physical mechanism. In that scheme, the most
convincing evidence of mechanistic reasoning is chaining. For example, in the brst episode, at
line 19, Alan says OCause if thereOs equal and opposite forces, the truck ... we would, if we actually
saw it, weOd think the truck would hit the car and go backwards because of the force.O AlanOs
statement contains evidence that he is reasoning about how the collision works: specibcally in
the categories of entities (the truck and the car), activities (the truck would hit the car, the truck
would go backwards), and chaining, in the studentOs inference that if the forces were equal and
opposite then the truck would go backwards as a result of the collisionNand therefore the forces
cannot be equal and oppostte.

In a pilot project (Conlin, Gupta, Scherr, & Hammer, 2007), 20-minute video clips from
six tutorial sessions chosen at random were coded for behavioral clusters (without transcript, as
described earlier). In a separate analysis, the sessions were transcribed and coded for (a) instances
of some level of mechanistic reasoning and (b) instances of chaining. Two independent coders
agreed on 90% of the behavior codes and 87% of the mechanistic reasoning and chaining codes
before discussion. The codes for behavior, mechanistic reasoning, and chaining were then matched
for each bve seconds of the tutorial session. Looking across groups, 81% of the chaining occurred
during the discussion frame (green behavioral cluster). This result supports the analyses above
that suggest interaction among the studentsO behavior, the substance of their reasoning, and their
framing of what is taking place.

9His reasoning is not correct; see Russ and Hutchison (2006) for a discussion about correctness and mechanistic
reasoning.



BEHAVIOR AND FRAMING 171

Our conjecture is that this correlation reRects a consonance between studentsO framing their
activity as discussion and their reasoning about causal mechanisms, a consonance that may occur
for several reasons. First, gesturing can help individuals reason about mechanisms, by performing
simulations or depictions of the entities and their organization and activity; second and similarly,
they provide a means for communicating those ideas to others (Scherr, 2008). For these reasons, a
conversational mode that affords gesturing may be more conducive to mechanistic reasoning, and
students interested to discuss mechanism may be more inclined to enter such a mode. Another
possibility is that the correlations we bnd between the discussion frame and mechanistic reasoning
may refRect more simply the fact that to engage in chaining requires more extended conversational
turns and more extended attention by conversational partners. In either case, behaviors in the green
cluster are associated with scientibcally valuable reasoning and interactions.

DISCUSSION AND QUESTIONS FOR FUTURE RESEARCH

It is not surprising that groups of students, collaborating in a worksheet-based tutorial, would
spend some of their time in conversation with each other and some of their time reading and
writing on the worksheet itself. Nor is it surprising that they have the most to say to each
other during the times they are conversing. The signibPcance of this work is to argue and give
evidence that studentsO behavior, along with the substance of their speech, interacts with their
epistemological framingNtheir sense of what is taking place at the moment with respect to
knowledge. Together, behavior and speech provide data for research into the dynamics of that
framing, into local stabilities and transitions. The behavioral cluster labeled Ogreen,O which
includes animated speech, eye contact, and gesturing, frequently appears with reasoning that is
original, personal, intellectually demanding, or emotionally intense; taken together, these verbal
and nonverbal displays indicate to us and to the group itself a framing of the activity as discussing
one anotherOs conceptual ideas. The behavioral cluster labeled Oblue,® which includes quieter
speech, eyes on papers, and limited gesturing, often appears with rote activities and deference to
authority, indicating a framing of the activity as completing the worksheet.

To be clear, we are not arguing that the blue cluster of behaviors is antithetical to meaningful
engagement with the material; to be productive in this setting any group must, at times, attend
to the worksheets. We are arguing that, while the blue cluster of behaviors includes interaction,
the substance of that interaction is limited to simple information. Students collaborate with blue
behaviors, but when their eyes are on their worksheets rather than each other it is difpcult for
them to have meaningful conversation about the physical ideas, including mechanistic causes and
effects. In the context of a large-lecture introductory physics course, where there is a general risk
of studentsO adopting counterproductive epistemologies (Hammer, 1994; Redish et al., 1998),
that difference is critical. Are students treating knowledge as provided by experts, or do they see
themselves as having a role in its construction? Do students take the completion of assignments
as the end in itself, or do they focus on ideas?

The association between substance and behavior advances the possibilities for identifying
students® framing of collaborative active-learning activities. How do students frame classroom
activities? In which frames do certain desirable activities (including cognitive activities) occur?
What precipitates shifts into (or out of) desirable frames? Do particular learning activities have
characteristic frames associated with them? Do student groups have characteristic framings of



172 SCHERR AND HAMMER

particular activities that they undertake together? Does a groupOs framing of particular activities
change over the course of an hour, or a term? How might we best promote the substantive student
discussion that we believe is essential to high-quality physics instruction? How can we account
for the observed deterioration in student expectations and epistemologies?

The question of how students frame tutorials does not appear to have a simple answer.
The methodology we have described focuses on framing and shifts of framing in the immediate
moment, and it provides evidence of both variability and local coherences. Within tutorial sessions,
we are developing case studies of the particular dynamics by which a group moves into or out of
framing the immediate activity as a discussion. These case studies may shed light on the reasons
for the correlations we noted between the discussion frame and mechanistic reasoning. They
may also shed light on how students® framing of tutorials as a whole inRuences their moment-
to-moment activity (e.g., does the fact that group C spends so little time in discussion ref3ect the
studentsO framing the tutorial session more as completing a task than as sensemaking?).

Ultimately, we are interested in framing at the larger scale: that is, in studentsO sense of OWhat
is it thatOs going on here?0 in the tutorial as a whole. There is some evidence of overall patterns:
some groups spend the majority of some tutorials in animated discussion, whereas for other
groups and tutorials, the greater part of the time is spent concentrating on the worksheet. Looking
across sessions, we are studying how patterns of behavioral clusters may vary for a particular
group over the course of a term (e.g., does group C come to spend more time in discussions
during tutorial sessions later in the semester?) or whether the patterns vary by tutorial (e.g., does
one version of the third law tutorial lead to more student discussion?). But these timelines clearly
provide only a limited view, and Otime on taskO may not indicate the importance of a particular
framing to the experience of tutorials in general. Some activities might have, for example, a short
duration but high intensity, in the sense of having great importance for the participants.

Finally, we see this work as contributing to the integration of individual and collective lev-
els of analysis with respect to epistemologies. Research in our group has focused on student
epistemologies, providing case study and survey evidence of introductory physics courses as
generally promoting counterproductive epistemologies (Hammer, 1994; Redish et al., 1998)
as well as arguing for context-sensitive, resource-based perspectives (Hammer & Elby, 2002,
2003). These studies have taken individuals as the cognitive units, studying the stabilities and
transitions of their reasoning in different contexts. Our efforts here arose in part from that
body of work, and so we are inclined toward that level of descriptionNthinking of framing as
something that happens in individual minds. In that language, a student who makes a kines-
thetically evocative gesture may be at once using an intuitive sense of mechanism and, at the
same time, communicating a metamessage (Tannen, 1993) about what sort of conversation is
taking place. Other students respond to those metamessages, which may inBuence their fram-
ing. In this way we discuss the group dynamics from an essentially cognitive perspective: the
behaviors we have highlighteg3ectand communicatéhow individuals frame what is taking
place.

We might instead think of framing as distributed across the group and their materials; we could
ask, OHow does a group of students frame what itOs doing?O much as Hutchins (1995) asked,
OHow does a cockpit remember its speeds?0 That is, we could take the group as the cognitive
unit and study the stabilities and transitionstereasoning. In that language, the behaviors we
have highlighted would not be metamessaggsse but integral features of the groupOs framing.
They would be part of whatompriseghe groupOs framing, not separable from it. As others have
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suggested, epistemologies may be attributed to group or communaityices(Gottlieb, 2007;
Sandoval, 2005).

These accounts are not inconsistent; they are at different scales. One focuses on the complex
system made up of an individual®s manifold cognitive resources; the other focuses on the system
made up of resources across the situated group. The question of which system to consider, or
what scale of system to treat as the cognitive unit, should not be deaigedri, and it does
not have a general answer. Rather, it should be decided by the case at hand, by the evidence of
what resources (cognitive, physical, material, representationglpetcicipate in the dynamics
of reasoning.
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