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Student Behavior and Epistemological Framing:
Examples from Collaborative Active-Learning

Activities in Physics

Rachel E. Scherr and David Hammer
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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 Þll out a worksheet. The studentÕs framing affects what she notices,
what knowledge she accesses, and how she thinks to act. We Þnd evidence of framing in easily
observed features of studentsÕ 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 Þnd 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 difÞculty of providing opportunities for student discussion of physics
concepts. For about 20 years, reform-minded physics professors have been using ÒtutorialsÓ
(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 identiÞed by research as essential for students to address. Tutorials can be implemented
as a relatively small modiÞcation of the conventional lecture-based course, and there is now a
substantial body of evidence that they lead to signiÞcant improvement in studentsÕ 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 researchersÕ
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 epistemologiesÑhow
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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: ShouldnÕt 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 ÒdeteriorationÓ (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.Õs (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 reßect 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 studentsÕ Òpractical epistemologiesÓ (Sandoval, 2005)
come to be more sophisticated than the survey detects.

The possibly problematic relationship between studentsÕ conceptual and epistemological
learning motivates us to study studentsÕ 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-
dentsÕepistemological framingof the activity. To address the possibility of contextual depen-
dence, we study their workin situ, rather than interrupting it with a survey or specialized
interview.

At the start of this study, the Þrst 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
studentsÕ 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 proliÞcally.
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
ofÑand in dynamic interaction withÑstudent 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 otherÕs conceptual ideas. In this way, we hope to contribute to research
methodology for the study of student learning and, speciÞcally, studentsÕ epistemological framing.
As well, we discuss how this work furthers a resource-based account of knowledge, reasoning,
and learning.

We begin with the construct ofepistemological framing, which 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 linguistics1 to describe how an individual
or group forms a sense of ÒWhat is it thatÕs going on here?Ó (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 ÒdecidingÓ 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 participantsÕ speech
and in linguistic markers associated with speech acts.2 However, because frames Òemerge in
and are constituted by verbal and nonverbal interactionÓ (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 participantsÕ
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 discussion.3 If 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 Þelds of linguistics, artiÞcial 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. Jasmin4 says:

In summary, for most people blah blah blah blah. . . . We shouldnÕt 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 JasminÕs 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 (Òblah blahÓ),
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 form ofreading aloud from a common text.JasminÕs
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 oneÕs peers are reading the same text, it is appropriate to speak
quietly and abbreviate, because the point is more to indicate what youÕre reading than to ensure
othersÕ comprehension.

Then, when Jasmin says, ÒThis is like one of the questions,Ó 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 sheÕs doing something
different now: Jasmin frames the new activity ascommenting on what sheÕs just read(in particular,
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 now talkingabout
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 sheÕs
referring to: she sits up, looks at Jasmin, and says, ÒYeah, this is question six on the homework.Ó

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 interactionÑbased not only onwhat people saybut also onhow they say
itÑand 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
participantsÕ 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 Þnd 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.

4StudentsÕ 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 studentsÕ behavior, conceptual reasoning,
and epistemological framing calls for theoretical continuity between individual cognition and
group dynamics.

A resource modelof 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 diSessaÕs (1993) model of intuitive physics as made up of Þne-grained, context sensitive
Òphenomenological primitivesÓ and, more generally, with MinskyÕs (1986) model of mind as
consisting of manifold cognitive Òagents.Ó 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 stancesÑfacts, stories, lists, rules, suppositions, doubt, certainty, and so
onÑresources 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 idea ofepistemological framesto 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 activationsÑÒcoherentÓ in that the pattern holds together for some length of
time and ÒlocalÓ 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 individualÕs mind or across multiple individuals or a group. Framing is deÞned 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 studentsÕ 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 reßecting the student population of the University of Maryland. The course
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was reformed as part of a project titledLearning How to Learn Science: Physics for Bioscience
Majors,carried out at the University of Maryland from 2000Ð2005. 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 sacriÞcing 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 (ÒtutorialsÓ) 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 Þve 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 scientiÞc 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 Resources) (Elby et al., 2007).

TheHelping Students Learn How To Learnproject made extensive use of video of students
working on these tutorials, both to assess the effectiveness of the tutorials and to develop resources
for instructors who wanted to implement them. Approximately 380 hours of student tutorial groups
were collected during theLearning How To Learn Scienceproject. From that library, theHelping
Students Learn How To Learnproject 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 identiÞed as being ÒwatchableÓ: They were
consistently on-task and talked to each other frequently.5

For the study reported in this article, we selected three of the best-tested tutorials from the
set of tutorials published in theHelping Students Learn How To LearnprojectÑtutorials that
cover basic topics common to most introductory physics curricula (NewtonÕs 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 NewtonÕs 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 NewtonÕs third law. The Þnal 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 NewtonÕs third law tutorial, and give one example each from our analyses

5These groups were not the only ÒwatchableÓ groups; some videotaped groups were not classiÞed. These groups
included average, above-average, and below-average students as measured by their overall performance in the course.
ÒWatchableÓ 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 NewtonÕs 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 Òbest-case scenarioÓ: 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 studentsÕ 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 identiÞed.

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 time ofchanges inthe studentsÕ 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 identiÞed (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. TannenÕs (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
cluster6). The behavioral clusters are distinct and easy to identify, with over 95% inter-rater
reliability on the identiÞcation of the cluster type and 90% inter-rater reliability (before discussion)
on the timing of the transitions, to 5 secondsÕ accuracy.

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

6This result is partially to be expected: because peersÕ 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 Òopt outÓ 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 Òblue,Ó studentsÕ
eyes are primarily on their papers with brief glances up at their peers. Their bodies lean forward
at an angle of about 30◦ to 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 brießy and quietly speak with rising intonation,
and answer brießy and quietly with falling intonation. The initiator often utters an incomplete
sentence that is completed by a peer.

Green Behavioral Cluster. In the ÒgreenÓ 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 proliÞcally 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

Hands quiet, face neutral Minimal interaction,
individual activity

ProliÞc gesturing Peers are watching and
want to understand

Body leans forward, eyes
on paper

Attention belongs on the
worksheet

Animated tone, face Intellectual and/or
emotional engagement

Brief glances at peers ÒCheck-insÓ expected Sit up straight, eye contact Attention belongs on
peers

Muttering Peers not attending to
details of speech

Clear utterances Peer interest in details of
speech

Red: TA Frame Yellow: Joking Frame

Behavior Expectation Behavior Expectation

Sit up straight; eye
contact with TA

Attention belongs on TA Giggle, smile, self-touch,
Þdget, unsettled gaze

Embarrassment,
perceived vulnerability

Reduced gestures Rehashing thinking

Red Behavioral Cluster. The ÒredÓ behavioral cluster involves the studentsÕ interaction
with a teaching assistant, although students need not exhibit the red behavioral cluster all
the time that a TA is present.7 The 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 ÒyellowÓ 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 identiÞed 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 deÞned the speciÞc physical behaviors involved. Having arrived at these
deÞnitions 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

7Sometimes, for example, they exhibit ÒgreenÓ behaviors with a TA nearby or even joining the discussion.



156 SCHERR AND HAMMER

the students, this interpretation is automatic and unconsciousÑit is difÞcult 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 Òworking
collaboratively on the tutorial.Ó In the blue behavioral cluster, the fact that studentsÕ eyes are on
their papers and their bodies lean over the desks sends the message that their main interaction
is with the worksheet. StudentsÕ 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 Òcheck-insÓ 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 proliÞc 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 aslistening to the TA.Variations 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). StudentsÕ 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 activity asresponding
to (rather thanlistening to) 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, Þdget in their seats, and Þddle with objects. On the other hand, they laugh, smile,
and appear to joke with one another, behavior that indicates play. These characterizations are not
mutually exclusive; play is a Ònonliteral orientationÓ (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 as thejoking 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 speciÞc 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 studentsÕ reasoning as evident in their speech and gestures. Taken together, the
studentsÕ behavior, speech, and gestures support interpretations of the studentsÕ epistemological
framing.

First Episode: Group A on Newton’s Third Law

In the Þrst 3 minutes of working actively on the tutorial worksheet on NewtonÕs third law, the
students in group A consider the Þrst several questions that the worksheet poses. The tutorial
begins by stating NewtonÕs 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:
ÒAccording 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?Ó 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.  

I. Newton’s third law and common sense 

According to NewtonÕs 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 by object 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. WeÕve asked this question of many students, and a typical response goes like this: 
ÒIntuitively, the car reacts more during the collision. (YouÕd rather be riding
in the truck!) So the car feels the bigger force.Ó  

Is your groupÕs  explanation in part A similar to or different from this? Explain. 

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

D. Experiment. Is this a case where NewtonÕs  third law doesnÕt 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  
NewtonÕs third law holds for other collisions. 

FIGURE 3 First excerpt of tutorial on NewtonÕs 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, ÒKendraÓ (K) expresses a common concern about whether the third
law applies to the situation described; ÒAlanÓ (A) and ÒJasminÓ (J) try to reconcile the third
law with the common-sense intuition that the force by the truck would be larger. ÒSherylÓ
(S) is present but does not speak in this episode. Italics denote quotations from the tutorial
worksheet.

1. A: According to common. . .
2. K: Yeah, I think I donÕt understand this.
3. 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 truck?Oh. . .
4. K: I mean, the truck.
5. A: The truck, yeah.
6. A: OK, so. . .
7. J:According to common sense, which force is larger in the collision?Tuh. . .
8. A: What?
9. J: Why are they asking that?

10. A: Oh, OK, the car. . .
11. J: question. . .
12. A: Is your groupÕs explanation in Part A similar or different?ItÕs similar.
13. J:Intuitively, the car reacts more, youÕd rather be riding in the truck, so the car feels. . . is

your groupÕs explanation similar or different?
14. A: ItÕs the same. Right. OK, so,according to NewtonÕs Third Law, which of the. . . which of

those forces. . .
15. K: It says theyÕre equal, right?
16. A: Yeah. Should be equal.
17. K: I kinda, I 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 itÕs
the truck? You understand what my question. . .

19. A: We think itÕs the truck because the truck doesnÕt move backwards, I think. Right? Cause
if thereÕs equal and opposite forces, the truck. . . we would, if we actually saw it, weÕd 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 doesnÕt move.
21. A: The truck doesnÕt move cause I think itÕs got the momentum going, and. . . you know.
22. K: So they, they are doing the same force, it just doesnÕt . . . itÕs just not common sense.
23. A: Yeah, it just doesnÕt register because we see the truck (K: It looks as being bigger) still

moving forward, right, right.

Behavioral Coding. In the Þrst part of the episode (lines 1Ð17), students lean over their
papers and only brießy 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



BEHAVIOR AND FRAMING 159

line 18), however, the studentsÕ 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 proliÞcally. 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), KendraÕs statement, ÒYeah, I think I donÕt understand this,Ó
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 clusterÑfor
example, she remains bent over her worksheet. KendraÕs statement appearing immediately before
the shift from blue to green, ÒI could never understand thatÓ (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 groupÕs in the next section.

Substance of Student Thinking. The contrast between the blue and green behavioral
clusters is reßected in the substance of studentsÕ speech. While students are exhibiting the ÒblueÓ
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 (ÒIt says theyÕre equal, right?Ó) and the other focused on the worksheetÕs
intention (ÒWhy are they asking that?Ó).

The green cluster, in contrast, is associated with original speech about the physics ideas
in question. It begins in this episode with KendraÕs question about the physics ideas: does
this situation violate NewtonÕs third law, or is there some misunderstanding? Alan responds
with a perceptual reason why we might think the truckÕs force was larger (it ÒdoesnÕt move
backwardsÓ), implicitly asserting that the forces are equal; his explanation is incomplete, perhaps
indicating that heÕs constructing it as he speaks. Jasmin adds to AlanÕs reasoning by suggesting
that perhaps NewtonÕs law holds in this situation (Òthey do exert the same forceÓ) but itÕs hard
to tell because Òthe truck doesnÕt moveÓ (by which she might mean that the truckÕs motion is
relatively unaffected). Alan gesturally Òwaves offÓ the collisionÕs lack of effect on the truck
with reference to what he seems to identify as a different phenomenon (ÒmomentumÓ). Kendra
tries to afÞrm 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 (Òit just doesnÕt register because we see the truck still moving
forwardÓ).

Epistemological Framing. The changes in behavioral cluster from blue to green correspond
with changes in the substance of the studentsÕ verbal exchanges. These two types of evidence
together support our identiÞcation of the studentsÕ epistemological framing: They shift from
framing their activity ascompleting the worksheet(in this case, leaning over the worksheet,
reading it aloud, and conÞrming one anotherÕs brief responses) to framing it asdiscussing the
ideas(animatedly Þguring out how NewtonÕs third law might apply to this physical situation).
We identify these framings not on the basis of the studentsÕ behaviors alone, or the substance of
the studentsÕ 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 theworksheetanddiscussionframes.

This identiÞcation of a shift in epistemological framing provides a basis for understanding
KendraÕs locally anomalous behavior in lines 2 and 17. KendraÕs 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 brießy
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 Þlling 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 reßect 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 thereÕs 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 NewtonÕs third law can apply to this
situation. Again, statements that students read verbatim from the worksheet are italicized.

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

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

A. In summary, for most people, NewtonÕs  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 shouldnÕt dwell on these kinds of contradictions and should instead  
focus on learning exactly when NewtonÕs  third law does and doesnÕt apply. 

ii. ThereÕs probably some way to reconcile common sense with NewtonÕs third law,  
though I donÕt see how. 

iii. 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 NewtonÕs third law.
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1. J: In summary, for most people blah blah blah blah. . . . We shouldnÕt dwell on this kind of
question and instead focus on learning exactly when.. . . This is like one of thequestions.

2. S: Yeah, this was question 6 on the homework.
3. A: Really?
4. J: Mmmhmm.
5. A: I havenÕt gotten that far. (pause)
6. K: Why? Six is just an explanation question?
7. S: Mmmhmm.
8. K: Oh really?
9. S: ThatÕs why I said that was good.

10. A: WhatÕd you put? Two? Three?
11. S: Huh?
12. A: Three?
13. S: What do you mean?
14. A: You put three? A?
15. S: Oh yeah.
16. A: You put three too?
17. K: Hell yeah.
18. J: I put two.
19. K: IÕm mad, so I would have picked three.
20. S: Oh, you picked two?
21. A: Yeah, because, I mean. . .
22. J: ThatÕs what he even said in class, thereÕs always some way to like. . .
23. A: ThereÕs always some way to explain
24. K: You think so?
25. J and A: Yeah.
26. K: I donÕt think thereÕs any way that you can explain to me how a massive truck is going to

have the same forces on it. . .
27. J: I mean, I think they do feel the same force. . . (K: I just have to accept it), itÕs just one is

like. . .
28. K: I donÕt see it!
29. J: Just . . . it just looks like that one got the push.
30. A: Yeah, it always looks like the one gets pushed. . .
31. K: No, like. . .
32. A: IÕm sure the truck gets like. . .
33. K: Think of a Porsche versus a humongous truck, (S: I know, that doesnÕt make sense) how

do you explain to me. . . ?
34. A: OK, the Porsche would get totaled, right? But then IÕm sure the truckÕs. . .
35. J: Felt the same.
36. A: The fender probably got like, you know, messed up.
37. K: Scratched?
38. A: But you know, it still did get some damage, so, I mean, thereÕs still some. . .
39. K: No.
40. A: No?
41. K: No.
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42. A: ItÕs not working?
43. K: I just have to accept it.
44. TA: So, this is cool. I just heard that youÕre having trouble getting, like, youÕre saying no, I

canÕt believe that.
45. K: Yes.
46. TA: I can accept it, but I canÕt believe it. And itÕs cool that you can realize that, you know,

if thatÕs how it is, but I donÕt get that. ThatÕs what weÕre gonna work on later through this
tutorial. WeÕre gonna try to understand how. . .

47. J: Yeah, why that happened.
48. TA: Yeah.
49. K: OK.
50. TA: But itÕs cool that you could realize that ÒI donÕt get that.Ó
51. J: ItÕs cool.

Student Behavior. During the Þrst minute of this episode (lines 1Ð25), 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, Þrst when Jasmin says that Òthis is like one of the questionsÓ (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, ÒHell yeahÓ (line 17), a delivery that is well
outside the norm of indistinct speech that characterizes the blue behavioral cluster.

The groupÕs behaviors do not change, however, until a few lines later, when Kendra says, ÒYou
think so?Ó (line 24). KendraÕs 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 proliÞcally, and have animated faces and voices.

The TAÕs arrival at the table precipitates another change, now to behaviors identiÞed 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 Þddles 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 studentsÕ 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 studentsÕ speech (other than confer-
ring about the homework) is consulting one another about their answers to the multiple-choice
question (ÒWhatÕd you put? Two? Three?Ó); Jasmin refers to Òwhat he even said in classÓ as
justiÞcation 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 (ÒI donÕt think thereÕs any way that you can explain
[it] to meÓ). Alan offers an explanation in terms of damage to the truck (Òthe fender probably got
messed upÓ), an explanation that appears to strike Kendra as weak based on the incredulous tone
of her reply (ÒScratched?Ó). Alan acknowledges that heÕs not persuading her (ÒItÕs not working?Ó)
and Kendra states that sheÕs Òjust going to have to accept it.Ó 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 TAÕs statements.

Epistemological Framing. Again, we see a relationship between the studentsÕ 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 ÒThatÕs what he even said in class, thereÕs always some way to likeÓ
and Alan completes her thought with ÒThereÕs always some way to explain.Ó The green cluster,
with its physical indications of studentsÕ attending to each other, corresponds to discussion about
ideas. Here the transition occurs at line 24, a shift to what Òyou thinkÓ from what the professor
Òsaid in lectureÓ (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 studentsÕ behavior and words support the claim that they
shifted from framing their activity ascompleting the worksheetto 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 studentsÕ receptiveness to the teaching assistant, corresponds to the students providing only
afÞrmation 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 TAÕs speech
(ÒYes,Ó ÒYeah, why that happened,Ó and ÒOkayÓ). Both behavior and speech indicate that they
are framing the activity aslistening 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 a result. 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 Ò+Ó and ÒÐÓ symbols  
to indicate the parts that are charged and the type of the charge. (Can you tell whether the plate is 
+ or Ð? 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.
ÒMeganÓ (M) proposes that itÕs not possible to tell which is which, and ÒVickiÓ (V) initially
agrees with her. ÒDaliaÓ (D) thinks a test probably exists. ÒChrisÓ (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: HereÕs the plate; hereÕs the cloth. [Drawing.]
4. V: How could we tell if itÕs positive?
5. M: Can you tell whether the plate isÑI donÕt think you can tell.
6. V: I donÕt think you can tell.
7. C: Is there a rule that dictates which way the electrons are going to go?
8. D: ThereÕs probably a way to test it, like somehow butÑ
9. V: IÕm sure it depends on the material.

10. M: ThereÕs no way, thereÕs no way to tell.
11. V: But I donÕt think we know right now.
12. M: Yeah.
13. D: Right. ThatÕs what IÕm sayinÕ. All right thatÕs plus thatÕs minus. [Drawing.]
14. C: I mean, IÕd say the plate, just guessing, IÕd say the plateÕs positive but I donÕt have a reason

for that. IÕd say thatÑ
15. V: I was going to say the plate was negative, but that was just guessing. [Laughter.]
16. C: I like, I would say that, it just seems to me that electrons. This [the cloth] looks like it

could hold electrons to me. [Laughter.]
17. V: ÔCause its soft. ThereÕs room for them. [Laughter.]
18. C: ItÕs soft. [Rubbing the cloth on his face.] Yeah. [Laughter from group,]
19. D: TheyÕd slide off the plate.
20. V: ItÕs roomier.
21. C: ItÕs quilted, you see.
22. D: ItÕs like toilet paper. [Laughter from group.]
23. V: All right weÕll make the plate positive. All right?
24. C: Thank you. Appreciate that. [Laughter.]

Student Behavior. In the Þrst part of the episode (lines 1Ð14), 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 identiÞed 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 Þrst portion of that conversation concerns the worksheetÕs instructions for what to do
(lines 1Ð5). In the next portion, they exchange questions and comments about the possibility of
answering the worksheet questions. They ask each other Òhow could we tellÓ and Òis there a
rule that dictatesÓ; they comment about whether there might be Òno way to tellÓ or venture that
ÒthereÕs probably a way to test it,Ó and offer possible answers without evidence or argument to
support them (ÒIÕm sure it depends on the materialÓ; ÒthatÕs plus thatÕs minusÓ). Chris, in fact,
remarks on not having a reason for his answer that Òthe plateÕs positiveÓ: ÒI donÕt have a reason
for thatÓ (line 14). His admission may contribute to the shift that follows.

When Vicki responds that she was also Òjust guessingÓ 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 Òhold electrons,Ó
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 ChrisÕs intuition as well as his nervousness about
committing to it, or she may be trying to make Chris comfortable by elaborating on his suggestion
(ÒitÕs soft,Ó ÒthereÕs room for themÓ)Ñeither seriously or in jest. Dalia chimes in by offering a
reason that the plate would not hold electrons so well (ÒtheyÕd slide offÓ), again perhaps in jest
or perhaps not. Her claim that the cloth is like Òtoilet paper,Ó including a reference to a feature
of popular toilet tissues (ÒquiltedÓ), 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 ChrisÕs 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 BÕs behavior at the outset of this episode Þts 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 Þts the interpretation ofcompleting the worksheet(or 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 Òa rule that dictatesÓ which way the electrons should go, and Dalia
adds that ÒthereÕs probably a way to test it,Ó but neither offers any ideas to what such a rule or test
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might be. Their framing the activity ascompleting the worksheetaffords a deference to authority
as the source of knowledge, by contrast to framing the activity asdiscussing ideas.

VickiÕs admission that she is Òjust guessingÓ may be an acknowledgment of that deference.
Her lighthearted tone and altered physical behavior seem to prompt a change in both the studentsÕ
behavior and the substance of their conversation. The studentsÕ subsequent shifting gaze and
Þdgeting 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 Òserious.Ó

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 worksheet.Often, we observe students either working silently or reading the
worksheet questions aloud. For example, in the Þrst episode, studentsÕ 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 ascompleting the worksheet, which 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 NewtonÕs 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, ÒLuisaÓ (L), ÒErinÓ (E),
ÒYvonneÓ (Y), and ÒHannahÓ (H) respond to the question, ÒIntuitively, how much speed does the
car gain during the collision?Ó 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 Þve meters per second?
2. H: It should, just because
3. Y: Truck slows down Þve meters, car speeds up Þve meters (laughs) per second? I donÕt know
4. H: Apply the intuition that the car
5. L: ShouldnÕt it gain ten though?
6. E: Or gain twice as
7. L: Right, because the car is?
8. H (with L): Yeah, because itÕs twice as heavy
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III. A new strategy: Refining intuition 

Before accepting that thereÕs an irreconcilable contradiction between NewtonÕs  third law and 
the intuition that the car reacts more during the collision, letÕs try a reconciliation strategy 
called refining your intuitions.

A. WeÕll start with a new question. Suppose the truckÕs mass is 2000 kg while the carÕs 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 car 
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 NewtonÕs third law.

9. L: Right.
10. H: So, it should
11. L: The car is half as heavy, so itÕll gain twice as much?
12. Y: Ah, shoot (laughs)
13. H: Or something, I donÕt know
14. Y: Wow, okay.
15. H: Okay, when
16. L: ThatÕs what they want us to think, but this is not the real answer.
17. E: This is not the right one, this is not the right one. Apparently, I think thatÕs what they want

us to say.
18. H: This is going . . . Þve . . . Þve meters per second, thatÕs its what, acceleration or velocity?
19. Y: Speed. Velocity.
20. L (together with Y): Velocity.
21. H: Velocity.
22. E:Slows down by
23. Y: So the car gains ten meters per second?
24. E: I guess.
25. H: DidnÕt he say something about how likeÑsomebody in class, likeÑif somethingÕs touched

a velocity, or something was changed. . . what was he talkingabout in class, something, the
masses?

26. [TA at next table: So what would you think intuitively?]
27. [Student at next table: Intuitively I was thinking that some (inaudible)]
28. H: I hate that word, intuitively.
29. Y: See intuitively, I would think that itÕd slow down, I mean speed up Þve meters per second.
30. E: IsnÕt the carÑdo they mean once they hit?
31. H: Because it is slowing down.
32. Y: If the if the truck if the truck if the truck, suppose the truck slows down by Þve meters in

the collision, so if the truck is slowing down, then the car has to be speeding up.
33. H: The carÕs not moving!
34. L: Yeah, itÕs not moving.
35. E: But I think does that mean once it hits
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36. Y: No, but IÕm saying it says how much does does the car gain, cause it, yeah
37. E: Cause like it goes (gestures collision)
38. Y: Yeah, thatÕs, yeah.
39. E: Now wait, would actually. . .
40. Y: I think it would go from zero to Þve, 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 Þrst 40 seconds of the episode (lines 1Ð25), 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 brießy more animated when she says ÒYeah, because itÕs twice as heavyÓ (line 8), speaking
loudly, looking directly at Luisa, and pointing at her with her pen. When Yvonne says ÒAh, shootÓ
(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 Þx their hair. After each of
these short interludes, though, the studentsÕ 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 otherÕs 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 5Ð11), when Luisa asks ÒShouldnÕt it gain ten?Ó and Hannah agrees, saying Òbecause itÕs
twice as heavyÓ; Luisa says Òthe car is half as heavy, so itÕll gain twice as much,Ó but the moment
quickly passes. YvonneÕs ÒAh, shootÓ (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 ÒThatÕs what they want us to think, but this is not the real answerÓ (line 16) and Erin agrees
that ÒThis is not the right one. . . Apparently, I think thatÕs what they want us to sayÓ (line 17).

As the group returns to blue behavior, Hannah asks for veriÞcation of the technical label for
5 m/s (line 18: ÒThatÕs itÕs what, acceleration or velocity?Ó), and Yvonne and Luisa respond
(lines 19Ð20). 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 studentsÕ switch to the green behaviors comes with a shift in their conversation, starting
with YvonneÕs statement of her intuition in contrast to the answer she had heard the group



BEHAVIOR AND FRAMING 169

decide (line 29). Erin and Hannah interject brießy, 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
HannahÕs 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 studentsÕ conversation is the physical events under
consideration.8

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 worksheetframe, rather than including new exploration of physics ideas as it did
in the electrostatics episode.

The shift to adiscussion frame,in 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 ÒSo what would you think intuitively?Ó and a student begins her response with
ÒIntuitively I was thinking that. . . Ó Hannah seems to be responding to that conversation when
she says ÒI hate that word, ÔintuitivelyÓÕ (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
identiÞed 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 identiÞed.

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 AÕs work on the entire NewtonÕs 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 (NewtonÕs 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 NewtonÕs 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 groupÕs 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. SpeciÞcally, we
have looked for correlation between the green behavioral cluster (discussion frame) and reason-
ing about the causal mechanisms that underlie natural phenomena. As deÞned 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 ÒchainingÓ (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 Þrst episode, at
line 19, Alan says ÒCause if thereÕs equal and opposite forces, the truck ... we would, if we actually
saw it, weÕd think the truck would hit the car and go backwards because of the force.Ó AlanÕs
statement contains evidence that he is reasoning about how the collision works: speciÞcally 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 studentÕs inference that if the forces were equal and
opposite then the truck would go backwards as a result of the collisionÑand therefore the forces
cannot be equal and opposite.9

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 Þve 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 studentsÕ 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.
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Our conjecture is that this correlation reßects a consonance between studentsÕ 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 Þnd between the discussion frame and mechanistic reasoning
may reßect 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 scientiÞcally 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 signiÞcance of this work is to argue and give
evidence that studentsÕ behavior, along with the substance of their speech, interacts with their
epistemological framingÑtheir 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 Ògreen,Ó 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 anotherÕs conceptual ideas. The behavioral cluster labeled Òblue,Ó 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 difÞcult 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 studentsÕ 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
studentsÕ 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
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particular activities that they undertake together? Does a groupÕs 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 studentsÕ framing of tutorials as a whole inßuences their moment-
to-moment activity (e.g., does the fact that group C spends so little time in discussion reßect the
studentsÕ 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 studentsÕ sense of ÒWhat
is it thatÕs going on here?Ó 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 Òtime on taskÓ 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 descriptionÑthinking 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 inßuence their fram-
ing. In this way we discuss the group dynamics from an essentially cognitive perspective: the
behaviors we have highlightedreßectandcommunicatehow individuals frame what is taking
place.

We might instead think of framing as distributed across the group and their materials; we could
ask, ÒHow does a group of students frame what itÕs doing?Ó much as Hutchins (1995) asked,
ÒHow does a cockpit remember its speeds?Ó That is, we could take the group as the cognitive
unit and study the stabilities and transitions inits reasoning. In that language, the behaviors we
have highlighted would not be metamessagesper se, but integral features of the groupÕs framing.
They would be part of whatcomprisesthe groupÕs framing, not separable from it. As others have
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suggested, epistemologies may be attributed to group or communitypractices(Gottlieb, 2007;
Sandoval, 2005).

These accounts are not inconsistent; they are at different scales. One focuses on the complex
system made up of an individualÕs 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 decideda priori, 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, representational, etc.) participate in the dynamics
of reasoning.
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