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[This paper is part of the Focused Collection on Curriculum Development: Theory into Design.] This
paper proposes the rethinking of the division of labor between physics education research curriculum
developers and classroom instructors. Historically, both curriculum developers and instructors have taken
responsibility for fostering students’ conceptual development, epistemological development, and other
learning goals related to physics content knowledge and practices or process skills. By contrast,
responsibility for fostering productive group dynamics has been taken up almost entirely by instructors.
Tutorial and lab developers structure their materials to be used in small groups, but have not generally
designed, tested, and refined their materials to minimize problematic group dynamics. In this paper, we
argue that the written tutorial can and should do more to prevent negative group dynamics from arising. To
make this claim plausible, we describe an example from our own experience. While revising a tutorial, we
noticed some problematic dynamics emerging; one of the students was unfairly blamed for a simulation-
setting mistake and was later left out of a conversation. We came up with hypotheses about factors that
might have contributed to those dynamics. A few of those factors, we argue, could be addressed in part
through tutorial revision. While acknowledging that instructors will always have more capacity and hence
more responsibility than curriculum writers to foster productive group dynamics, we call for tutorial
writers, during the testing and revision of their materials, to monitor how the tutorial impacts team
dynamics and to be transparent (in publications and presentations) about how they modified the tutorial to
address problematic dynamics they observed.
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I. INTRODUCTION

This paper argues for rethinking one aspect of the
instructional division of labor between curriculum devel-
opers and classroom instructors. Generally, the curriculum
developer (tutorial author, lab author, or activity sheet
writer) and the instructor (or facilitator) share responsibility
for fostering students’ conceptual and/or epistemological
development. By contrast, in physics education research
(PER), we generally assume that the instructor takes sole or
primary responsibility for fostering good team dynamics, as
represented in Fig. 1. We advocate for curriculum devel-
opers to attend to the kinds of conversations their activity
sheets afford—not just at the coarse grain size of encour-
aging group discussion, but also at a finer grain size.

To illustrate both the feasibility and value of attending to
subtle effects of question sequencing and wording on
student group dynamics, we analyze a segment of student
discourse from their work through a draft of a PhET-based
tutorial. Our tutorial, we argue, contributes to an inequi-
table teamwork dynamic, but can be revised in ways

FIG. 1. Division of labor between activity sheet developers and
classroom facilitators. We argue that developers should take on a
greater share of responsibility for fostering equitable team
dynamics.
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that could reduce the risk of these inequitable dynamics
arising. To illustrate how we spotted what we thought were
problematic dynamics, we present a transcript of the
relevant segments of student conversation and describe
what the first author noticed in real time as an observer.
Then we check this quick, informal analysis against a
second, in-depth interaction analysis. We then discuss how
these analyses suggest possible revisions to the tutorial that
could help address the problematic dynamic. In our
example, the outcome of running the PhET simulation
deviates so dramatically from the students’ expectations
that they think the person controlling the computer, Zoe, set
up the simulation incorrectly. She gets blamed despite
having set up the simulation correctly. Our ideas for tutorial
revisions to mitigate this kind of dynamic might or might
not work; like any potential tutorial revisions, they would
need to be tested and refined in the usual iterative cycle by
which tutorials are improved. Our point is simply that
fostering equitable group dynamics, like fostering concep-
tual development, should be an outcome that curriculum
developers pursue during the iterative refinement process.
Before diving into our example, however, we need to

situate our argument in the literature by analyzing what data
and learning outcomes other tutorial developers have
foregrounded in their tutorial assessments. We assume
the outcomes that were assessed also helped to drive the
tutorial revision process, though of course other outcomes
might have been monitored as well, formally or informally.

II. LITERATURE REVIEW: WHAT OUTCOMES
DRIVE TUTORIAL ASSESSMENT?

This literature reviewserves twopurposes. First, it provides
an overview of the learning outcomes assessed by researchers
and the methods used to assess them during the revision and
testing phases, as reported in researchers’ published work.
This is meant to serve as a resource, particularly for new PER
scholars getting into tutorial development and wishing to
situate their work within that literature. Second, the literature
reviewsupports ourargument that tutorial developershavenot
reported observing group dynamics and making revisions
aimed at improving those dynamics (though we suspect
tutorial developers do so informally).
For the purpose of this paper, we define “tutorial”

broadly as a guided activity sheet aimed at teaching physics
concepts and/or practices through a process of small-group
inquiry. So, labs and invention tasks less guided than
typical tutorials are still tutorials.
We primarily investigate the learning outcomes targeted

during tutorial design, showing that most developers target
conceptual understanding—typically from a misconcep-
tions or student-difficulties perspective—and/or other cog-
nitive constructs such as epistemological growth. We also
explore the research and evaluation methods authors use to
inform revisions. We argue that the most common research
designs, namely, pre-post testing, treatment vs comparison

groups, and interviews (other than think-aloud protocols),
provide a limited window into students’ learning processes
while working through the tutorial, including the role of
group dynamics. These methods thereby restrict the nature
of the tutorial revisions that the research can inform. None
of the papers we reviewed targeted productive group
dynamics as a learning outcome or included observations
of students’ working through the tutorial as data.
Literature review methods.—Because of the specialized

nature of physics education research, we selected journals
and conference proceedings targeted at physics and science
education research rather than searching a large database.
We acknowledge that many other DBER communities also
conduct research and development on activity sheets
designed for collaborative active learning; however, the
PER tutorial development community has not drawn
extensively on this work. Rather than looking outward,
we turn our focus inward, on tutorial development within
the PER community.
In our search, we included the following journals: PRST-

PER and PRPER, PERC Proceedings, American Journal of
Physics, The Physics Teacher, Cognition & Instruction,
Journal of Research in Science Teaching, Physics
Education, and the Journal of the Learning Sciences. To
be included, the research had to address tutorial(s), question
sequence(s), or question types aimed at undergraduate,
introductory physics students. The exception to this was
Ref. [1], which discusses a paired-question technique later
deployed in introductory undergraduate physics tutorials [2].
We did not include papers on upper-division physics
tutorials, though an informal scan through that literature
suggested that the patterns documented below apply to the
upper-division tutorial literature, too. Twenty-five articles, all
reporting empirical studies, fit our selection criteria. For a full
list of the literature included in this review, see Appendix A.
As we read each article, we focused on what constructs

and associated learning outcomes the authors oriented to in
the process of tutorial design, such as conceptual correct-
ness or epistemological sophistication. We also focused on
how the researchers assessed the tutorials’ effectiveness.
Because none of the papers reported on the messy details of
the tutorial refinement process, we cannot know for sure
whether other constructs and learning outcomes were also
targeted during the refinement process. Still, we can
reasonably infer that the reported targets of assessment
were likely foregrounded during the refinement process.
We return to this point below.

A. Literature review findings

Of the twenty-five articles we identified, twenty-two
focused on refinement of at least one tutorial. One
addressed a full course redesign [2], and two addressed
specific types of questions [1,3].
In terms of learning outcomes, twenty-two were

focused on conceptual change, fourteen of which

HANNAH C. SABO and ANDREW ELBY PHYS. REV. PHYS. EDUC. RES. 16, 020142 (2020)

020142-2



took a misconceptions—or student difficulties—oriented
approach to tutorial design. Three papers focused on
epistemology. Throughout this literature review, we high-
light these patterns in the research methods and in the
assessed constructs and outcomes. To show the range of
studies, we also describe in more detail some of the studies
that break from these patterns.

1. Assessed constructs and learning outcomes:
Conceptual change focused tutorials

All but three articles assessed conceptual change, though
several also explored other learning outcomes, as discussed
below. Most of these studies used pre-post testing, some-
times in conjunction with other methods, to determine the
students’ conceptual growth [1,4–14]. To pre-post test,
researchers administer a written assessment, typically one
or more qualitative conceptual physics question, before and
after students complete the tutorial to see how students’
responses improve, and then revise the tutorial as needed.
This cycle is often repeated for several iterations.
Sometimes, as a last step, tutorial authors test the tutorial
in contexts outside of the initial course. For example, after
Wosilait et al. [15] first tested the tutorial in the calculus-
based course, then they tested it in the UW algebra-based
course and at other universities and two-year colleges.
In terms of the strategies employed by the tutorials to

foster conceptual growth, most of the studies fell into one
of three categories, discussed in the next three subsections.
(a) Eliciting, confronting, and resolving misconcep-

tions.—From the early 1990s, three articles from
the University of Washington detail the Physics
Education Group’s process of curriculum design
[16–18]. Their tutorials are designed for discussion
sections of large lecture courses, though they can and
have been used in other settings. Many later studies
followed the same process [4,5,7–11,13,15,
19,20]. Before designing the tutorial, the researcher-
authors either investigate common student difficulties
around a topic or look up previously researched
misconceptions. The authors then write a tutorial
usually incorporating at least one “elicit, confront,
resolve” sequence [16,17]. This sequence starts by
asking students a specific, contextualized physics
question that is likely to elicit a misconception or
student difficulty. The next step involves helping
students spot a conflict between their conception
and a phenomenon or other conception. Finally, the
tutorial tries to help students reach a satisfying
resolution of the conflict.

(b) Scaffolding—Some researchers explored how the
degree or type of guidance and scaffolding included
in the tutorial impacted students’ conceptual gains. For
instance, Lindstrøm and Sharma created a series of
activities which included a summary of the lecture,
were given a concept map, and standard quantitative

problems [21]. They compared these tutorials to the
less guided approach of their traditional recitation
section, which included the same word problems only.
Several other tutorial designers focused on assessing
the role of a particular analogy in helping students
learn [12,22,23]. For example, Kuo and Weiman
designed a tutorial to guide students in learning to
read off the electric field from an electric potential
map, using an analogy to reading off the slope of the
ground from a topographical map [12].
When testing the efficacy of a given type of

scaffolding, researchers often divide students into
comparison groups, consisting groups receiving the
scaffolded tutorial vs traditional instruction, or tutorial
A vs tutorial B, or the old vs new version of the same
tutorial (to evaluate refinements), or tutorial A vs
another task. Researchers compare how the two
groups perform, usually on a conceptual assessment.
Many authors employed the comparison groups strat-
egy, either in addition to or instead of pre-post testing
[6,8–10,12,14,17–19,21–25].

(c) General rule vs contrasting cases.—Some studies
used comparison groups to contrast the benefits of
different cognitive processes. They also compared
the scaffolding designed to support those processes
[6,12,14]. Within a given study, one tutorial follows
the predict-observe-explain model for various, indi-
vidual cases, such as a wire loop getting pushed into a
region of constant magnetic field and a stationary wire
loop in a region of steadily increasing magnetic field.
The other tutorial presents all the cases up front and
asks students to generate a rule to explain all the
phenomenon. The researchers hypothesized, and
found, that students using the “generate a rule” tutorial
would orient to the deep structure of the topic rather
than the surface features of the cases, achieving greater
conceptual understanding [6,14].

2. Other assessed constructs and learning outcomes

We now turn to the smaller number of studies that
focused primarily on constructs other than conceptual
understanding, starting with tutorial-based studies of cog-
nitive processes.
(a) Student cognition.—The general rule vs contrasting

cases studies we just described could be viewed as
examples of this, since their point was to test a
hypothesis about the utility of a particular cognitive
activity, “general rule” creation. However, those stud-
ies looked at students’ pre-post test gains. Many
studies instead used various types of interviews with
students, to probe their depth of understanding or their
type of reasoning. For instance, Gette, Kryjevskaia,
Stetzer, and Heron considered student cognition,
specifically dual processing theory, to inform their
tutorial design [24]. The authors found that students’
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difficulties might emerge not from a gap in their
conceptual understanding, but rather, from responding
based solely on their quick, “commons sense” re-
sponse. According to dual processing theory, when a
reasoner is presented with a problem, they have a
quick gut-level response and sometimes, a slower,
scrutinizing process where they check and if neces-
sary, correct their gut-level response [26]. If the thinker
has no reason to question their gut-level reaction, they
will not scrutinize it. Working from the assumption
that some student difficulties stem from failure to
engage in such scrutinizing, Gette et al. used think-
aloud interviews to collect students’ reasoning while
working through a tutorial. Coding the transcripts into
gut-level responses vs slower scrutinizations (when
possible), the authors identified tutorial sections that
failed to elicit slower scrutiny of students’ gut-level
responses and revised the tutorial accordingly.

(b) Student preference.—In addition to investigating ef-
fects of heavily scaffolded versus unscaffolded tuto-
rials (see above), Lindstrøm and Sharma asked
students which type of tutorial—their reformed tuto-
rial or traditional workshops—they preferred and what
they liked and disliked about each option [21]. (They
found that students preferred their more structured
approach to traditional quantitative problems.) Addi-
tionally, they studied students’ attendance patterns,
finding that some students switched from traditional
workshops to the more scaffolded workshop, but not
vice versa.

(c) Epistemology-focused tutorials.—Three articles fo-
cused on creating curriculum to develop students’
epistemology rather than (or in addition to) their
conceptual understanding. Redish and Hammer de-
scribe a course redesign that included designing tuto-
rials aimed at refining students’ epistemology and
assessed using the Maryland Physics Expectations
Survey, probing students’ beliefs about what counts
as learning and understanding in their physics class [2].
Conceptual developmental was also assessed. Elby [1]
and Hu and Rebello [3] did not describe the design of a
specific tutorial, focusing instead on how aspects of the
question design helped students gain a more sophisti-
cated epistemology of physics. Hu and Rebello inter-
viewed each small group of their student participants
twice. In one interview, the student group worked
through a physics problem [3]. In the other interview,
students considered a similar problem scenario but in
the context of evaluating a hypothetical student debate
where the hypothetical students approach the problem
differently. Analyzing the videotaped interviews, the
authors compared students’ framing of their problem
solving—e.g., as “plug and chug” versus mapping
physical meaning onto math—to the epistemological
views expressed while evaluating the hypothetical
debate. This analysis enabled the authors to look for

variations in student epistemologies based on task
structure, which informs instruction aimed at tapping
into the more sophisticated aspects of students’ epis-
temologies.

3. Literature review conclusion

In summary, most published work on introductory
physics tutorial development focuses on conceptual devel-
opment, using pre-post testing and/or comparison groups to
evaluate the tutorial’s efficacy and to inform revisions.
Several researchers also incorporated interviews, but not as
the main assessment technique. Two researchers used
interviews to evaluate students’ cognitive processes [24]
or their framing of the tasks [3]. Both Gette et al. and Hu
and Rebello’s work were published in the last six years.
Perhaps assessment methods are broadening to focus more
on learning processes rather than just before-and-after
snapshots.
Furthermore, over the last 20 years, researchers have

expanded the range of learning outcomes assessed to
include not just conceptual development but also episte-
mologies and other constructs. Yet, a hole in the literature
remains. Although productive group dynamics are needed
to ensure that all students have the opportunity to benefit
from a tutorial, and although tutorial advocates may take
for granted that doing tutorials can help students develop
communication and teamwork skills, these “soft skills” and
group dynamics are not assessed and addressed in the
published research.
We are not saying that tutorial developers ignore group

dynamics. Indeed, we know from personal experience and
from discussions with other research teams that tutorial
developers often observe students working on their tutorials
(sometimes while serving as an instructor or TA), noticing
the productive and unproductive group dynamics that arise.
Maybe they revise the tutorial based in part on these
observations. But if so, they do not report on these
observations of group dynamics and the associated tutorial
revisions in their published work.
We posit that tutorials can contribute to promoting equity

or to (re)producing inequity in group dynamics, in the sense
of disrupting vs contributing to marginalization of group
members—marginalization that is particularly pernicious if
it reproduces broader patterns of marginalization in physics
and in society, since a mechanism by which marginalizing
cultural narratives and power imbalances get stabilized is
through their reproduction in numerous local interactions
[27]. Therefore, we argue, tutorial writers should attend to
how the tutorial interacts with team dynamics. In the
following sections, we show how a tutorial contributes
to an inequitable interactional dynamic. We first show a
moment that raised a red flag, and then provide an in-depth
analysis of the video of the interaction to show that inequity
between group mates did occur. We then detail some
tutorial revisions that could perhaps prevent similar
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inequities from arising again. In this way, we argue that it is
feasible and potentially productive for tutorial writers to
analyze group dynamics in order to inform the revision of
tutorials.

III. THEORETICAL AND METHODOLOGICAL
ORIENTATION

A. Theoretical commitments central to our argument

In this paper, we do not adopt a theoretical framework for
understanding student cognition and learning. The assump-
tions about learning on which our argument relies are
simply that collaborative learning is likely to produce
deeper learning of disciplinary concepts, deeper engage-
ment in disciplinary practices, and deeper identification
with the discipline when the group dynamics allow all
students to participate, produce a range of ideas that are
respectfully discussed and debated, and help all participants
feel like they belong in the group. These assumptions are
consistent with all learning theories of which we are aware
and are supported by a range of studies undertaken from
various theoretical perspectives [28–30].
To the extent we have theoretical commitments, they are

of the type discussed in curriculum theory and foundations
of education courses, which address questions like what
“counts” as curriculum and what is the purpose of schooling
[31]. We think the so-called “soft” skills that students can
develop through collaborative active learning, such as close
listening, communication of ideas, respectful interactions,
etc., are important learning objectives, just as important as
the physics concepts and “hard” problem-solving skills that
physics curricular materials typically target more explicitly.
We also think that fostering such skills is in the purview of
curriculum (including written tutorials) as well as in the
purview of instruction. So, assuming tutorial revisions can
improve group dynamics—an assumption we put forth
without proof in hopes that we and other research groups
will explore it in the future—then tutorial writers should
consider how the structure or wording of a tutorial might
contribute to patterns of problematic group dynamics
revealed by clinical or classroom-based testing, and should
try out revisions when possible.

B. Methodological orientation of our
illustrative example

In this paper, we are arguing that it is feasible and
productive for tutorial writers to

(i) observe the group dynamics of students working
through a draft tutorial,

(ii) notice episodes or patterns of unproductive group
dynamics,

(iii) generate informal hypotheses about how the tutorial
itself might be contributing to those dynamics, and

(iv) generate potential revisions to the tutorial, some or
all of which could be tested in later versions of the
tutorial.

If video or detailed field notes of the observed group are
collected, steps (ii) and (iii) can be done more carefully, as
we will illustrate below. However, even if the tutorial
writer’s real-time observation of the tutorial group is all the
“data” available, steps (ii) and (iii) are still possible—again,
as we will illustrate below.
In “seeing” problematic group dynamics and in formu-

lating possible fixes, the tutorial writer inevitably brings in
their explicit and/or tacit theoretical and methodological
orientation toward analyzing such dynamics. For this
reason, we now describe the methodology with which
the first author was approaching this data in her research.
We do so not to advocate for this particular methodology,
but simply to help readers understand our own orientations.
Interactional sociolinguistics is a branch of discourse

analysis which investigates how meaning is generated by
looking at interactions and the contexts in which they occur,
especially by investigating the speech that occurs. Our
analysis incorporates not only the interactions among stu-
dents, but also the interactions between students and thePhET
simulation, and between students and the printed tutorial.
Framing, one of the focuses of interactional sociolin-

guistics, investigates how situations are defined by partic-
ipants—e.g., a student’s view of “what is it that’s going on
here?”—and how those framings both shape and are shaped
by the participants’ interactions [32,33]. Within a given
shared framing, distinct roles can emerge and can be taken
on by students. Since these different roles have different
rights and responsibilities, the roles students take on filter
their interactions with each other and with the tutorial. The
role of keyboard controller, the student who holds the
keyboard and mouse and hence controls the simulation,
will play a role (no pun intended) in our analysis below.
Below, we analyze two segments of interaction that the

first author flagged in real time as problematic. We analyze
each segment twice. The first, quick analysis rehashes what
the first author noticed in real time, mirroring what a
tutorial instructor observing the group can see. The second
analysis uses video we collected (for research purposes) to
take a deeper look at the interaction. In this paper the point
of doing so is not to generate new insights that contribute to
research, but rather, to confirm, disconfirm, and/or flesh out
the quick analysis. Tutorial writers who happen to be
collecting research data would be able to do this kind
of “second look” (re)analysis. The transcripts for these
second-look analyses use Waring’s conversation analytic
transcription conventions [34], available in Appendix C, to
capture pauses, particularly loud or soft talk, rushed or
halting pacing, and so on. In these transcripts and descrip-
tions, we try to include enough information for the reader to
draw their own conclusions about the interaction, not just
the information relevant to the points that we make [35].

C. Background information: Participants and context

In this section, we provide relevant details about the
students and context of the interactions discussed below.
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Three students from the University of Maryland’s
Introductory Physics for Life Sciences (IPLS) courses
were invited to participate in research interviews through
email; the students received a financial compensation for
their time. Three students were invited to participate in this
interview: Zoe, who presents as a Black woman; Jonathan,
who presents as an East Asian man; and Devran who
presents as a South Asian man. All of the names are
pseudonyms. Because the data was collected for tutorial-
revision purposes, we do not have more information about
the participants available.
In this session, the students were each given a copy of a

tutorial covering the concept of gravity on a planetary scale
(see Appendix B). This tutorial’s format and flow were like
tutorials students had previously used in the class; however,
they had not yet covered this topic. The students were asked
to engage in the simulation while working on the tutorial as
a group. The observer (the first author) watched the
students and took field notes as they worked. If the
participants had a question about the tutorial or needed
clarification of concepts, the observer took on the role of a
teaching assistant. After the students had worked on the
activity for 40 min, the observer engaged the participants in
a conversation about their experience of the activity and the
simulation. For example, “What was the simulation like?”
and “What was it like working on the tutorial with another
student?” and about any specific instances marked in the
field notes. The interviews were video recorded; Camtasia
software simultaneously recorded the students and the
computer screen [36]. One additional camera captured
the students and the observer.

IV. ILLUSTRATIVE EXAMPLE: TUTORIAL
CONTRIBUTING TO PROBLEMATIC DYNAMICS

Watching the student group in person, the first author
had her instructor and curriculum developer hat on, and

same goes for the second author upon first viewing the
video footage; we were looking for parts of the tutorial that
needed revision. During this initial scan, we noticed a red
flag. Zoe, who was in control of the keyboard and
computer, was blamed (incorrectly) for choosing the wrong
settings in the simulation; and not long afterward, she
seemed to be left out of the conceptual conversation around
the tutorial prompts. In this section, we first describe how
we noticed the red flag during an initial watch. Then, we
discuss a deeper analysis which confirms the moment to be
problematic. In the quick look presentation below, we rely
on transcript rather than our memories of what the students
said, so that readers can hear—or rather, read—what
we heard.

A. Initial observation

1. Laying the blame

Within the first few seconds of the tutorial starting,
Jonathan asked Zoe, “Do you wanna use the computer
cause you’re closest?” Zoe agreed to use the computer. The
students seemed to develop roles, including managing the
computer, a role Zoe played throughout the session.
Later, the tutorial instructed students to use the “ellipses”

setting in the My Solar System PhET simulation [37]. The
question the students responded to follows:
Go to the ellipses preset. Change the initial velocities of

each of the planets to zero.
1) Predict what will happen when you run the simu-

lation. Explicitly compare bodies to each other.
Explain your reasoning.

2) Run the simulation.
i) Describe what happened to each of the three

small bodies.
ii) Is this what you expected? Why did it behave

this way?

The purpose of this activity was to see how different radii impacted the motion (and therefore the gravitational force and
resulting acceleration). The following moment occurred as Zoe, Devran, and Jonathan checked their prediction.

Transcript 1: Quick look

1 Z Alright, do I do this now?
2 J Sure. Hit it.
3 D/J (Devran and Jonathan move from looking at their handouts to looking up and facing the computer screen)
4
5 Z (Zoe starts to run the simulation)
6 D (Devran leans forward) (All three students look at the computer and watch for a few seconds)
7
8 D Oh. Wow. Uhh
9 J (Jonathan laughs)
10 D completely wrong. ((Devran smiles)) They just all go into the Sun. (laughs) I really thought it was going to go around in a

circle.11
12 Z (hearty laughter) I also thought that’s what an ellipse was, but I guess?

(Table continued)
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Table (Continued)

Transcript 1: Quick look

13 J Wow. Wait, did we pick ellipse, Is that what that (points at computer screen)
14
15 Z Oh. When did that happen? I really-
16 J we just killed three bodies. Three
17 Z Oh no (Zoe resets the simulation)
18 D *indistinguishable*-
19 Z Ah. Why did I do that!
20 J It’s all good
21 Z Well
22 D Just change the velocity to zero. (Devran sits up from the table, then leans back into his chair)

(Jonathan sits up and leans back at the same time as Devran)23
24
25 Z Clearly I’ve had a long day (resetting the simulation)
26 J (Jonathan laughs, nods, and sits forward) (a few second pause)
27
28 D Actually, no wait, that’s what it was before.
29 J Hm. Change the-that’s when we changed it to zero. (still using the computer to reset the simulation)
30 Z
31
32 D Yea, we changed it to zero, that’s what’s gonna happen.
33 Z (Zoe resets the simulation) This is what should happen (runs the simulation) (The computer shows the three bodies

orbiting the Sun)34
35 D No, but see. That makes sense because there was initial velocity before. There was, Um, it’s already moving in a direction,

so the force is going to influence it,36
37 but it’s not going to go straight into the Sun. But if you put all velocities to zero
38 then the
39 Z Oh.
40 D gravitational force on those masses- (Devran moves from facing straight forward to turning and facing Jonathan)
41
42 J (Jonathan and Zoe look at Devran while he is talking)
43 D Yea it’s just going to collide (moves his left fist into his right palm
44 Z (overlapping with Jonathan) yea. it’s just going to go straight to it
45 J Oh, so, it was correct=
46 Z Uhm. (Devran’s gaze moves to Zoe, he does not turn his head)
47 D because it changed back
48 (Jonathan looks at Zoe) No, you were right. We did it right the first time.

Jonathan, Devran, and Zoe predicted that the planets
would orbit the Sun. Instead, the planets fell straight into
the Sun. As tutorial writers, we had not intended this to
be a surprise. We had wanted students to focus on how the
planets’ distance from the Sun, for equally massive planets,
affected the gravitational force exerted on them and the
resultingmotion. Instead of discussing this issue, the students
realized that the initial velocity of the planets is what allows
for them to orbit. So, this interaction leads to conceptual
progress, though not about the topic we had intended.
However, during this interaction, the students blamed

Zoe for the simulation going wrong. Jonathan, Devran, and
Zoe all thought that the wrong settings had been chosen.
Zoe apologizes to Devran and Jonathan. Jonathan accepts
her apology, and Devran asks for her to just run the
simulation again, with the correct settings. Eventually,
they figure out that Zoe did not make an error, and they

were able to have a productive conceptual discussion.
However, we were concerned that the tutorial was uninten-
tionally confusing and that the students blamed Zoe for that
confusion. And we saw evidence that the use of the
“ellipses” preset may have contributed to this dynamic,
given Zoe’s and Jonathan’s mention of ellipses and the
ellipses preset in line 12–13.

2. Zoe is left out of the discussion

Five minutes later, Zoe is setting up the computer to run a
trial. The students were asked to predict how doubling the
mass of planets (as compared to the previous setup) would
impact the time they took to fall into the Sun. While she is
working on the simulation, Devran and Jonathan have a
conceptual discussion about their prediction, based on the
universal law of gravitation.
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Transcript 2

1 D I know the formula for like planetary gravity or whatever. It’s like M one M two
2
3 J Oh yea yea yea. I remember that from like high school.
4 D That equals the force, (Zoe looks at Devran) So, there’s a greater force if both masses are increased.
5
6 J (Jonathan nods)
7 D which is weird, because it’s not intuitive and that doesn’t really make sense.
8 J so should it be faster? with a greater force. (Jonathan turns his head towards Devran)
9
10 D Yes? I guess? (Zoe moves her hand to the computer, starts setting up the next case)
11
12 J How much faster?
13 D I’d say a hundred times. (Devran moves forward, looks at his paper, then starts to write his prediction on the paper)
14
15 J I think we have to check what the previous one before we do this. With like the original one, because we don’t know the

time. (Jonathan turns his head towards Zoe, Zoe looks at Jonathan)16
17
18 Z Yea. Imma do that after this one.
19 J Okay
20 Z Cause that will reset these bodies (Zoe starts the simulation, Devran and Jonathan observe it)

In line 1, Devran recalls a formula from his previous
experiences. In line 8, Jonathan draws an inference from
Devran’s recollection of the formula. He says, “So it
would be faster? with greater force?” In line 12, he further
refines Devran and his prediction by asking “How much
faster?”
As observers, we noticed Jonathan and Devran try to

make a prediction based on Devran’s recollection of a
formula from high school. In doing so, they engage in a
conceptual conversation. However, Zoe appeared to be
left out of the conversation and was instead adjusting the
simulation; Devran and Jonathan called on her (line 16–17)
only when they were ready to observe the simulation. So,
she missed the chance to predict and engage with the
universal law of gravitation. As observers, it looked like
Zoe had been relegated to the role of computer controller,
with no space for her to contribute to the conversations

around the tutorials’ questions. In making this point, we do
not want to devalue the intellectual work she was doing.
Throughout the tutorial, she translates the conceptual
conversations and predictions into actions in the simula-
tion. However, in the physics classroom, this work is less
valued and frequently not translated into grades; she was
much more likely to be tested, via paper-based problems,
on the universal law of gravitation.
In summary, upon first watching those segments, we

noticed Zoe getting temporarily blamed for a (nonexistent)
mistake in the simulation settings she controlled, followed
by stretches of conversation in which she did not verbally
take part while she was adjusting the simulation (including
the particular segment shown above). Because we had
video of these interactions, however, we were able to take a
closer second look, to confirm, disconfirm, or refine our
initial impressions.

B. In-depth analysis of data segments

1. The blame game

The following subsection includes an in-depth interaction analysis of the first transcript, now displayed with Waring’s
Conversation Analysis Transcript Convention [34]. These conventions are in Appendix C, which we recommend having
next to the transcript while reading this.

1 Z Alright, do I do this now?
2 J Sure:: hit it.
3 D/J ((Devran and Jonathan move from looking at their handouts to looking up and facing the computer screen))
4
5 Z ((Starts to run the simulation))

(Table continued)
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Table (Continued)

6 D ((Devran leans forward))
7 (2.5) ((All three students look at the computer))
8 D Oh. Wow. ↓ Uhh ¼
9 J hh
10 D ¼ completely wrong. ((Devran smiles)) They just all go into the Sun, (2.0). hh hh I really thought it was going to go around

in a circle.11
12 Z Hhhh ((hearty laughter)) I also thought thats what an ellipse was, ¼ but I guess?
13 J Wow. (.) Wait, did we pick ellipse, (.4) {Is that [what that] ((points at computer screen))}
14
15 Z [↑ Oh.] (1.) When did that happen? (.3) I really-
16 J <$ we just killed three bodies. $ °Three°>
17 Z <$ Oh no.$> ((Zoe resets the simulation)) (1.9)
18 D ( )-
19 Z ↑ Ah. Why did I do that.=
20 J =It’s all good
21 Z $ ↑ Well $
22 D °Just change {the velocity to zero.° ((Devran sits up from the table, then leans back into his chair))}
23
24 J ((Jonathan sits up and leans back at the same time as Devran))
25 Z °>Clearly Ive had a long day<° ((resetting the simulation))
26 J hh ((nods and sits forward))
27 (2.0)
28 D Actually, no wait, >that’s what it was before.<
29 J Hm. Change the-
30 Z {-that’s when we changed it to zero. ((still using the computer to reset the simulation))}
31
32 D Yea, we changed it to zero, thats whats gonna happen.
33 Z ((Zoe resets the simulation to the default, nonzero ellipses)) This is what should happen ((runs the simulation)) (Computer

shows the three bodies orbiting the Sun)34
35 D No, But see. That makes sense because there was initial velocity before. There was, Um:: it’s already moving in a

direction, so the force is going to influence it, but it’s not going to go straight into the Sun. But if you put all velocities to
zero then the=

36
37
38
39 Z >Oh: <
40 =gravitational force on those masses- ((Devran moves from facing straight forward
41 D to turning and facing Jonathan))
42 ((Jonathan and Zoe look at Devran while he is talking))
43 J {-Yea it’s just going to collide ((moves his left fist into his right palm))}
44 D =yea. it’s just going to go [straight to it]
45 Z [Oh, so] it was correct=
46 J -Uhm:: (Devran’s gaze moves to Zoe, he does not turn his head)
47 Z =because it changed back
48 D {((Jonathan looks at Zoe)) No, you} were right. We did it right the first time.

Because Zoe controls the computer, it is she who asks if
Jonathan and Devran if they are ready for her to start the
simulation (line 1). Jonathan responds “Sure, hit it,”
indicating that he is paying attention and giving her the
go ahead.
Instead of seeing the planets orbit the Sun, as the students

expected, the planets fall towards the Sun. All students
were leaning forward and paying attention to the computer.
For the first 2.5 sec, the students silently observe what
happens. Then, Devran starts audibly responding: “Oh,
wow. Uhh” (line 8). He emphasizes the start of these words,
suggesting genuine surprise. His pitch drops, which often

indicates the speaker beginning to think something
through. In lines 10–11, Devran narrates the outcome they
had just seen. He then inhales and laughs. He continues to
say he thought the planets would go in a circle (line 11),
echoing their prediction. Jonathan’s reaction also indicates
surprise: He reacts by audibly inhaling, and almost
laughing.
Zoe responds to Devran by heartily laughing and expres-

sing shock about the outcome (line 12). Responding to
Devran’s expectation, she states she thought an ellipse was
something that went around in a circle (line 12), and she
second guesses her own knowledge base.
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In line 13, after hearing “ellipses,” Jonathan considered
that the group may have made a mistake. He asks Zoe
“wait, did we pick ellipse [as the preset].” At this moment,
the “preset” box in the simulation no longer displays
“ellipses.” We infer that, since the outcome of running
the simulation diverged far from what they expected and
since the preset does not appear to be “ellipses,” he thought
there may have been a user error. Jonathan uses “we” when
asking, nominally attributing the possible error to
the group.
In line 19, however, Zoe says “Ah. Why did I do that?”

She is using “I,” as she was controlling the computer. In
doing so, and in questioning what she did, she takes
“credit” (really, blame) for not picking the right preset.
Jonathan responds “it’s all good,” in line 20. He has latched
on to what Zoe was saying, immediately saying that it was
alright. Whatever the good intentions, the statement also
acknowledges that it was Zoe’s fault. In this way, Zoe,
Jonathan, and Devran treat Zoe as having made an error
setting up the simulation.
She then resets the simulation to rerun it. In line 22,

Devran quietly says, “just change the velocities to zero,” as
he reclines away from the table. Prior to the perceived
mistake, Jonathan and Devran did not micromanage Zoe’s
control of the computer.
As Zoe resets the simulation to the instructed setup,

Devran realizes that the “new” setup matched what it had
been before. In line 28, he quickly tells his groupmates,
“that’s what it was before.” In line 30, Zoe uses the pronoun
we to describe a change that she made to the computer. She
groups herself with Devran and Jonathan, framing her
actions as a group endeavor. In line 32, Devran echoes
the use of the word “we,” reiterating the collective identity of
the group. Then, Zoe chooses the ellipses preset without
changing the planet velocities to zero. The planets do indeed
orbit the Sun, which she states is “what should happen.” In
line 35, Devran explains that the tutorial’s requested setup,
with planet velocities set to zero, would lead to planets
falling into the Sun instead of orbiting, which occurs when
the planets have initial velocities. After confirming that the
planets should indeed collide with the Sun when they have
zero initial velocities, Zoe says “Oh, so it was correct”
referring to the first setup of the simulation—the setup the
group thought was erroneous. She does not explicitly give
herself credit for being correct all along; she simply states
that the first setup was right, and that no error was made. In
line 48, Devran affirms that she was correct, saying “No you
were right, we did it right the first time.” Here, Devran tells
her that she, as the person in control of the computer, was
right. He also reaffirms the group’s identity—that they had
set up the computer correctly the first time.
In summary, although Devran and Jonathan end up

acknowledging that Zoe did nothing wrong, for about a
minute she was blamed for the perceived error. In that
minute, Devran micromanages Zoe and she feels respon-
sible for the alleged mistake. This, plausibly, reduced her

credibility and agency in the group. These three students
were able to figure out what went wrong and explicitly
remove blame from Zoe, perhaps due in part to Zoe’s
running the simulation with nonzero planet velocities—
which helped Devran focus on and make sense of the
difference between the planets having nonzero vs zero
initial speeds. Still, we consider it problematic that she was
blamed, for a few reasons. First, the unconscious emotional
aftereffects of the blaming could linger into later inter-
actions. Second, even if emotional aftereffects did not
linger in this group, we can easily imagine another group of
students getting misled by the name of the ellipses preset,
blaming the computer operator for messing up when they
observe the planets not traveling in ellipses, and then failing
to figure out their mistake or failing to explicitly “unblame”
the computer operator. And as discussed below, we see the
tutorial as contributing to this “blame” dynamic.

2. Zoe is left out: The importance of body language

Even though Jonathan and Devran absolved Zoe of
blame, she is still left out of their later conversations. A
deeper interaction analysis is not needed to confirm that
she does not speak until line 18 of transcript 2 above
(Sec. IVA 2). So, instead of presenting a full interaction
analysis, we supplement that verbal transcript with a closer
look at the students’ physical placements and body lan-
guage when Jonathan and Devran were having the con-
ceptual conversation about the gravitational force.
When Devran recalled the gravitational force formula

from high school (transcript 2, line 1), he leaned back-
wards, away from the table. Jonathan mirrored Devran’s
movement and also leaned back. Immediately afterwards,
Zoe starts setting up the simulation for the next run.
Because of the computer placement, she remained leaning
forward. Figure 2 shows the positioning of the students.
Devran and Jonathan have both leaned backwards away

from the table and their worksheets as they discuss what
will happen. Zoe is unable to mirror their body language;
she is leaning forward and appears occupied with setting up
the simulation. Furthermore, Devran has his right arm
crossed over his body, while his left arm is open. Zoe is on
his right side and is, therefore physically blocked from the
conversation—not literally, but in terms of the subtle
messaging sent by body language. Her body language
mirrors this block; her head is in her left hand, and she is
focused on the computer. Zoe’s forward lean cuts her off
from the conceptual conversation. On Devran’s other side,
his left arm is back and is open towards Jonathan. As they
talk, they make eye contact (not shown in Fig. 2) and do not
look at Zoe until asking her about the simulation.
In summary, the body positioning and body language

during this interaction leave Zoe blocked out, mirroring the
verbal conversation. From the interaction, it is unclear what
combination of physical positioning, body language (likely
unconscious), and Zoe’s attention to the simulation makes
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it difficult for her to participate in the discussion. At the
very least, however, it is likely that the physical positioning
makes it harder for Zoe to enter the conversation than
would be the case if the students were all facing each other
with “open” body language.

3. Analytical takeaways

An inequitable dynamic arose between the students in
the group. Specifically, Zoe, who presents as a Black
woman, was asked to be in control of the computer by
Jonathan, who presents an East Asian male. Zoe is blamed
for a mistake she did not make, and then later, left out of the
conceptual discussion.
We see a variety of factors, both systemic and local,

which may have impacted the dynamic. As someone who
presents as a Black woman, Zoe may carry multiple
identities marginalized in physics and in American society
more broadly. Presenting as Asian males, her group mates
are marginalized in many American contexts, but less so in
university physics. Since the clinical interview environment
was clearly connected to physics and was not explicitly
designed to disrupt these broader patterns of marginaliza-
tion, the danger exists that the marginalization of
African American women in physics could get
(re)produced in this context [38].
At a more local-interactional level, early in the inter-

action, Zoe takes the blame for something which was not
her fault. Even if an emotional memory from this episode
does not unconsciously affect later interactions, Zoe’s role
as computer operator may have been in tension with her
taking on a greater role as codiscusser of the tutorial
questions, for a combination of three reasons: The inter-
action may have constructed “computer operator” and
“question discusser” as two disjoint roles; and/or, the
spatial positioning and body language of the other students
may have “blocked” Zoe from the conversation; and/or,
Zoe’s attention to the simulation may have made full
attention to the conversation impossible.

Ironically, in previous research, computer controller
emerged as a prestigious role with more power [39,40].
This was not the case for Zoe. While in control of the
computer, Zoe did valuable, but unseen work. This is the
concrete, local-interactional sense in which we conceptu-
alize the group dynamics as problematic and inequitable.
Based on our limited data, we cannot adequately

address whether and how broader cultural narratives and
power imbalances concerning women of color, and women
of color in physics, affected these local interactions.
Independent of the precise answer to this question, how-
ever, we consider it urgent to revise the tutorial to lessen the
odds that such local-interactional inequities arise, because
more equitable dynamics is an end in itself, because more
equitable dynamics tend to lead to better problem solving
[41,42] and because some local-interactional inequities (re)
produce broader systemic inequities in science, technology,
engineering, and math (STEM) [40,43].

V. POSSIBLE CHANGES TO THE TUTORIAL

In the previous section, we showed how the tutorial may
have contributed to an emerging problematic group
dynamic. Here, we outline some potential changes to the
tutorial inspired by our analyses. These changes have not
yet been implemented: like any potential tutorial revisions,
they would need to be tested. Our point in this section is to
illustrate how observations of group dynamics can inform
potential revisions, motivating a research agenda to start
testing when and how such revisions “work.”

A. Changes to the use of the “ellipses” preset

One section of the tutorial told students to use the
ellipses preset. We chose this preset because it assigns the
planets equal but negligible mass compared to the Sun, but
different distances from the Sun—exactly the desired
scenario. Instead of prompting this preset, the tutorial
could instruct students to set up a similar system by hand.
This would take more time, but students would not be as

FIG. 2. Zoe is on the left, leaning towards the bottom center of the figure, where the computer is. Devran is in the middle, casually
leaning back in his chair. Jonathan, on the right, has also leaned back, as he and Devran predict how the next run of the simulation will
compare to the previous run.
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primed to expect the planets to orbit the Sun, and they
would be reminded of the physical parameters. A downside
to this approach, though, is that the computer operator’s
attention would be occupied for evenmore time, potentially
causing them to miss out on the conceptual discussion.
Furthermore, if the students had not expected the planets to
orbit, they may not have figured out that nonzero initial
velocity is what allows a planet to orbit instead of just
falling into the Sun.
Another potential fix would be to keep the ellipses preset

but to just state in the tutorial that the planets will no longer
orbit when their initial velocities are changed to zero. This
would likely prevent or lessen the students’ expectation of
(elliptical) orbits. But it would constrain the students’
predictions—helping focus students on how distance from
the Sun affects the gravitational force but failing to elicit
what student might really think about this scenario.
The final potential change we brainstormed to mitigate

the ellipses preset problem is to add a new tutorial section
before the “problematic” one. In the new section, students
would explore the effects of different initial velocities on
the resulting orbits. Then, a question would ask the students
to predict and test what happens when a planet’s velocity is
removed (set to zero). This section would likely lay the
groundwork for later sections which focus on circular and
elliptical orbits, and it could prevent students from expect-
ation an elliptical orbit, even in the ellipses preset, when the
planet’s initial velocity is zero. However, adding a section
would take up limited class time.

B. Changes to impact the interactional dynamic

In addition to addressing the ellipses preset problem, we
brainstormed ways to directly disrupt the dynamic by
which Zoe, the computer controller, got left out of the
conceptual discussions.
One approach is to include explicit instructions in

the tutorial to switch computer operators every section
or two. To the extent that controlling the computer distracts
the user from the conceptual conversation, rotating who
controls the computer would share that burden among all
students.
Another potential modification would involve engaging

the whole group, not just the computer operator, in figuring
out the needed simulation settings. So, in some question
sequences, instead of the tutorial giving a detailed descrip-
tion of what the simulation setup should look like, the
tutorial would ask something like “How can the simulation
be set up to test the prediction you just made? Work
together and come to consensus.” A question like this
would perhaps have made the tutorial setup an explicit
conversation topic and could have pushed Jonathan and
Devran to help Zoe instead of jumping ahead to the
conceptual discussion without her.
Although this paper is about how tutorials could help

prevent negative dynamics from arising, many factors are

out of the tutorial’s control. For example, Zoe was leaning
forward, setting up the computer, while Devran and
Jonathan were reclined away from the table, discussing
the universal law of gravitation. She was not embodying
the same physical space as they were. As tutorial devel-
opers, we can’t address this directly, but we can add
advice to the instructor’s guide warning instructors to
watch out for this body-positioning dynamic. The instruc-
tor’s guide could include a more general suggestion to
look out a student being left out of the conceptual
discussion, with tips for preventing and mitigating this
situation. So, we can use the instructor guide as a platform
to communicate about the computer control issue and give
tips on how to mitigate the negative dynamic. We can also
ask instructors to make wireless keyboards and mice
available, when possible.
To more directly take on the issue of marginalization and

power imbalance in physics, the instructor’s guide could
suggest that instructors keep these systemic issues in mind
when monitoring and intervening in group dynamics. All of
our instructor’s guides could suggest resources that
researchers and activists have created to help facilitators
create “safer” spaces for students historically marginalized
in physics and STEM (e.g., resources and ideas from the
Access Network [44]).

VI. DISCUSSION

As shown above, a tutorial can contribute to negative
team dynamics. We argued that tutorial authors can and
should do what they can to minimize the tutorial’s con-
tribution to problematic team dynamics. This calls for
careful observations of student groups working through the
tutorial. In the process of making this argument, we also
illustrated a small slice of the often-unseen process of
tutorial revision. Specifically, we shared how we inter-
preted evidence of flaws in the tutorial and our brain-
stormed ideas, based largely on instructional intuitions, for
potentially addressing those problems.
Pre-post testing, the most common form of tutorial

assessment, will not reveal how teams of students work
together on the tutorial. Our illustrative example details our
process for coming up with potential refinements to our
tutorial, to address group dynamics. Although the deeper
analyses confirmed our initial impressions of how the
group dynamics were going astray and added more nuance,
our first-pass observations turned out to be sufficient to spot
the ellipses preset problem and the Zoe-left-out problem.
These kinds of first-pass observations do not require
videotaping or even detailed field noting.
Indeed, we believe that tutorial authors notice these kinds

of problematic group dynamics as they observe the tutorial
in real time. Furthermore, we believe that sometimes, they
make tutorial revisions based on these observations.
However, these observations and associated changes are
not included in research articles about the tutorials. Tutorial
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authors rely on their instructional intuitions, but this
process is hidden from view in journal articles. We are
advocating for more transparency around these sorts of
changes to tutorials. Such transparency can be generative
for other curriculum developers when they are building on
each other’s ideas for question types, sequencing decisions,
and so on; instead of relying solely on the finished product
(i.e., the revised tutorial itself), those other curriculum
developers could also rely on the observations and instruc-
tional intuitions underlying the finished product. Such
transparency could also be helpful to instructors imple-
menting the tutorial. By understanding why questions are
worded and sequenced in certain ways, the instructor can
facilitate student discussions in ways that cohere with the
tutorial’s design, and can make more informed decisions
about when and how to change the tutorial [45]. For
example, if tutorial authors describe how observations
impacted the flow of the tutorial, an instructor could
understand how previous and upcoming sections of a
tutorial depend on one another. Finally, such transparency
could help other researchers. Reading about how (even
informal) observations led to tutorial revisions, researchers
could get ideas for research studies about how particular
types of wording and sequencing correlate with students’
interaction dynamics and learning.
In summary, we are advocating that curriculum devel-

opers attend to more than just conceptual growth; curricu-
lum developers should be aware of the kinds of
conversations that their tutorials afford and the learning
benefits that it brings beyond cognitive gains. Transparency
around these sorts of tutorial revisions would benefit
instructors. While we do not think that a detailed descrip-
tion of every change the authors made to the tutorial would
be helpful for instructors who wish to implement the
curriculum, we believe that some insight into design

decisions could benefit instructors, other curriculum devel-
opers, and researchers.

VII. CONCLUSION

In this paper, we call for tutorial authors to attend to the
tutorial’s impact on interactional dynamics among students
and to be more transparent as they report on the changes
they make to the tutorial. The tutorial is one element of a
system that sometimes produces inequitable group dynam-
ics. The tutorial can be tested and revised to minimize its
contribution to these inequities. In this paper, we show how
observing the tutorial led to the identification of inequitable
team dynamics and ultimately potential modifications to
the tutorial. Tutorial authors regularly observe and tweak
their tutorials on the basis of such observations. However,
tutorial authors do not typically report these changes in
research papers. And even in (rare?) cases when problem-
atic team dynamics do not hinder conceptual growth,
equitable dynamics are still important to the health of a
physics classroom. Better interactions are important for
their own sake. We want the physics classroom to be a
humane place. Therefore, tutorials should promote more
humane experiences.
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APPENDIX A: LITERATURE TABLE

This appendix contains the tutorial (written worksheet) that the students discussed in this article were using.

Reference Focusing on What? ↓ Methods Focus of tutorial

[16] Misconceptions oriented, conceptual
change

Interviews to find common
misconceptions

Electric circuits

[17] Misconceptions oriented, conceptual
change

Comparison groups, pre-post tests Electric circuits

[18] Misconceptions oriented, conceptual
change

Comparison groups Tension—Atwood’s machine

[20] Misconceptions oriented, conceptual
change

Pre-post testing, interviews for
misconceptions

Light and shadow

[4] Misconceptions oriented, conceptual
change

Pre-post testing, interviews for
misconceptions

Electromagnetic waves

[15] Misconceptions oriented, conceptual
change

Pre-post testing, interviews for
misconceptions

Geometric optics and diffraction of light

(Table continued)
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Table (Continued)

Reference Focusing on What? ↓ Methods Focus of tutorial

[9] Misconceptions oriented, conceptual
change

Pre-post testing, comparison groups Buoyancy and Archimedes’ principle

[11] Misconceptions oriented, conceptual
change

Pre-post testing, interviews for
misconceptions

Ideal gas law

[8] Misconceptions oriented, conceptual
change

Large scale identification of
misconceptions, pre-post testing,

comparison groups

Heat engines

[10] Misconceptions oriented, conceptual
change

Pre-post testing, comparison groups,
interviews for misconceptions

Coulomb’s law, Gauss’s law

[13] Misconceptions oriented, conceptual
change

Large scale identification of
misconceptions, pre-post testing

Work and extended systems

[19] Misconceptions oriented, conceptual
change

Comparison Groups Electrical capacitance

[7] Misconceptions oriented, conceptual
change

Pre-post testing, interviews for depth /
process of learning

Dynamics of rigid bodies

[5] Misconceptions oriented, conceptual
change

Large scale identification of
misconceptions, pre-post testing

Rolling motion

[21] Level of scaffolding and student
preference**

Comparison Groups, observations,
focus group

Forces and energy

[22] Analogical scaffolding interviews for misconceptions,
comparison groups

Probability in quantum mechanics

[25] Analogical scaffolding Pre-post testing interviews, comparison
groups

Electromagnetic waves

[12] General Rule vs Contrasting,
analogical scaffolding

Pre-post testing, comparison groups Electric field and electric field potential

[23] Analogical scaffolding Comparison groups, interviews Forces
[14] General rule vs contrasting cases Pre-post testing, comparison groups Electric flux
[6] General rule vs contrasting cases Pre-post testing, comparison groups Electric flux
[24] Dual-process theory and cognition Comparison groups, interviews Buoyancy
[1] Epistemology Pre-post testing Question type: epistemological focused

curriculum
[3] Epistemology Group interviews Question type: Hypothetical debate

problems
[2] Epistemology Tutorial observations, pre-post testing Course reform, including development

of tutorials

APPENDIX B: COPY OF THE TUTORIAL

An Introduction to Orbits

1. Orienting with the simulation

Go to http://phet.colorado.edu/en/simulation/legacy/my-
solar-system (or Google PhET My Solar System) and open
the “My Solar System” simulation.
Spend 5 minutes playing with the simulation and

exploring its features.
A. What is one unexpected thing that you found while

playingwith the simulation?Whywas it unexpected?
B. What does “system-centered” mean?

Notice that if you use your mouse to hover over a body, you
get its position and velocity components.

2. Gravitational force

There’s a slider on the bottom right. Turn the slider so
that it is 1=4 of the way between accurate and fast (closer to

accurate). Also, make sure that System-Centered is
turned on.

A. The gravitational field

Go to the ellipses preset. Change the initial velocities of
each of the planets to zero.

A. Record the distances between the Sun (body 1) and
each of the planets (bodies 2, 3, and 4). Note that the
Sun is not at the origin.

Body 1: _____ Body 2: _____ Body 3: _____
B. Predict what will happen when you run the simu-

lation. Explicitly compare bodies 2, 3, and 4 to each
other. Explain your reasoning.

C. Run the simulation.
a. Describe what happened to each of the three

small bodies.
b. Is this what you expected? Why did it behave

this way?
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D. Now, make the following changes to the first case (ellipse preset with initial velocities set to 0), predict what you
think will happen to the three small bodies, run the simulation, and record what actually happened, comparing it to
the behavior of the initial case, specifically looking at how long it takes the planets to collide with the Sun.

First case What happened:

Change Prediction What happened?

Double the mass of the planets
Double the mass of the Sun (reset the
mass of the planets)

Halve the original mass of the Sun
Considering each of the changes made in the above table, come up with one unifying explanation that explains how the changes made to
the masses of the bodies affected the motion of the planets.

E. Two students are asked about how doubling the mass of the planet affects the gravitational force between the Sun and
the planet.

Student 1: When I doubled the mass of the planets, the motion remained the same. So, the gravitational force does not
depend on the mass of the planet.

Student 2: But the gravitational force comes from the interaction of the two bodies; so it depends on both of the mass of
the Sun and the mass of the planet.

Student 1: If the force is twice as big, how come the smaller bodies didn’t fall any faster?
With which student do you agree? Explain your reasoning.

F. Let’s tie this whole section together. Why does changing the Sun’s mass affect the motion, but changing the planet’s
mass doesn’t?

APPENDIX C: TRANSCRIPTION KEY

Conversation Analytic Transcription Conventions

. (period) falling intonation.
? (question mark) rising intonation.
, (comma) continuing intonation.
- (hyphen) abrupt cut-off.
:: (colon(s)) elongation of sound.
word (underlining) stress.
word The more underlining, the greater the stress.
WORD (all caps) loud speech.
°word° (degree symbols) quiet speech.
↑ word (upward arrow) raised pitch.
↓ word (downward arrow) lowered pitch.
>word < (more than and less than) quicker speech.
<word > (less than & more than) slowed speech.
< (less than) jump start or rushed start.
hh (series of h’s) aspiration or laughter.
.hh (h’s preceded by dot) inhalation.
(hh) (h’s in parentheses) inside word boundaries.
[] (brackets) simultaneous or overlapping speech.
¼ (equal sign) latch or contiguous utterances of the same speaker.
(2.4) (number in parentheses) length of a silence in 10ths of a second.
(.) (period in parentheses) micro-pause, 0.2 second or less.
() (empty parentheses) non-transcribable segment of talk.
((gazing toward the ceiling)) (double parentheses, italics) nonverbal activity.
fg (brackets) simultaneous verbal and nonverbal conduct
(try 1)/(try 2) (two parentheses separated by a slash) alternative hearings.
$word$ (dollar or pound signs) smiley voice.
#word# (number signs) squeaky voice.
LL double Ls- more than one learner

[from H. Z. Waring, Theorizing Pedagogical Interaction: Insights from Conversation Analysis (Routledge, New York,
2015)].
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