A case of physics faculty engaging in pedagogical sense-making
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Faculty often become motivated to try research-based instructional strategies after attending profes-sional
development (PD) workshops, but are often underprepared to wisely adapt these strategies both to their local
contexts and to specific situations they encounter with their students. We used our workshop observation tool
to select a rare session from the Physics and Astronomy New Faculty Workshop where faculty are analyz-ing
instruction within a large group open discussion. We analyze video-recordings of this session to understand
what it can look like for faculty to learn how to reason about instruction in ways that would support their flexible
response to students’ reasoning and engagement in the moment. Our analysis identifies features of pedagogical
sense-making and considers what might support its emergence in this situation.

I. INTRODUCTION

The physics education research community has a long his-
tory of both developing instructional strategies that improve
student outcomes [1], and working to prescriptively dissemi-
nate these strategies to other physics educators assuming they
will be adopted as is [2]. Indeed, this change approach has
succeeded at building faculty awareness and motivation to
try these strategies [3]. However, a dissemination approach
alone is insufficient for helping faculty to learn how to flexi-
bly adapt instructional strategies based on students’ reasoning
and engagement. The change approach of “developing reflec-
tive teachers” is better suited for these goals [2].

At the K-12 level, scholars have proposed clear visions for
quality science teaching which involve teachers: noticing and
attending to the substance of students’ ideas [4—7], evaluating
instructional choices based on concrete observations of class-
room events or specific hypothetical scenarios, and linking
instructional choices to education research principles [8, 9].
Scholars have also proposed designs for K-12 teacher PD
experiences that would support these visions [10]. For the
purposes of this analysis, we will refer to such reasoning as
“pedagogical sense-making”, i.e., educators pursuing robust
pedagogical logic based on their observations and interpre-
tations of classroom events and, in particular, how they see
instructional moves as plausibly affecting students’ engage-
ment. We see these visions as equally relevant for college
physics faculty.

Little research, however, has been done to study faculty en-
gaging in pedagogical reasoning within PD settings. Physics
faculty have largely experienced traditional instruction as stu-
dents [11] and receive little to no pedagogical training beyond
this. They typically encounter few opportunities to collabo-
ratively reason about teaching, often making day-to-day in-
structional decisions in isolation [12]. With the potentially
different incoming expectations and pedagogical training of
college faculty, it is unclear if and when physics faculty will
engage in rich pedagogical discussions. In this paper, we in-
vestigate what pedagogical sense-making can look like and

what aspects of a situation may support its emergence.

II. THEORETICAL FRAMEWORK

Some researchers have thought of faculty thinking in terms
of robust, unitary instructional beliefs [13]. We, however,
start with the theoretical stance that faculty thinking is often
highly variable across contexts. Therefore, we expect faculty
to have a variety of ways of organizing activities for the learn-
ing of others and expect that, in some contexts, faculty will
have access to and draw on highly constructivist resources
[14]. For example, we think faculty likely bring more con-
structivist resources to bear on teaching their kid to ride a
bike or mentoring a graduate student within their research
lab, even if these resources may be less commonly elicited
when reasoning about their classroom settings. The idea that
faculty hold many potentially productive ideas that may be
cued up in different contexts, and that PD leaders could help
faculty to refine and reorganize these ideas, centrally informs
how we orient to faculty thinking and learning. Looking for
the complexity and richness of existing ideas held by faculty
can help us to respectfully understand (as researchers) and try
to build from (as PD leaders) where faculty are starting from.

We also broaden our view to take up theoretical elements
from Vygotsky and the many scholars who have interpreted
and expanded on his work [15-18]. From a Vygotskian per-
spective, interactions with others and physical tools can serve
as mediators of thought, and should be considered an inte-
gral (and inseparable) part of thinking and learning—it is not
useful to divorce cognition and action [15, 19]. While indi-
viduals’ thoughts play a role in their learning, the interactions
of people with tools, and people with other people, are the de-
velopmental precursors of what will later be internalized by
individuals. This perspective suggests that modeling the form
and structure of distributed cognitive processes can give us in-
sight into what faculty will take away from these interactions:
they are a part of the learning process and deserve significant
attention. During PD, faculty reasoning and engagement is
situated in workshop sessions, and thus depend on aspects
of the context such as: what ideas faculty are encouraged to
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contribute, how workshop activities are launched, what tasks
faculty are asked to engage with, how faculty interact with
each other, and what workshop leaders say or do to facilitate
interactions between participants. These theoretical commit-
ments inform our data selection and data analysis.

III. METHODOLOGY

In our prior work, we have developed an observational tool
[20] to capture in real-time the form and focus of faculty en-
gagement within workshops using the Physics and Astron-
omy New Faculty Workshop (NFW) as our primary research
site. This 4-day workshop is broken into many ~1-hour ses-
sions, the majority of which are focused on specific research-
based instructional strategies. Attendees are largely in their
first 1-3 years of teaching at the university and have a wide
range of instructional experiences, with at least half of all
participants reporting no experience using research-based in-
structional strategies [21]. Using coded data from our tool,
we could quickly recognize sessions where faculty spent a
significant fraction of time analyzing instruction within open
whole group discussions and small group discussions. For
this analysis, we deliberately selected a rare case within our
extensive database of video-recordings of the NFW (N~51
sessions); specifically, we consider an episode of large group
discussion among approximately twenty faculty where we
hear many different ideas being voiced.

Here we present a case study of faculty engaged in dis-
course around instruction [22]. In the focal session, faculty
analyze a segment of classroom video guided by: a tran-
script, a representation of the task that students in the video
are working on, and brief written guiding questions. This ac-
tivity is taken from a library of video resources and associated
activities known as Periscope [26]. These activities were de-
signed to help instructors practice noticing and interpreting
student behavior and apply lessons they have learned about
teaching to actual teaching situations, thus developing their
“professional vision” [4] of what it means to be a teacher [6].
From our data set, this session struck us as exemplary and we
sought to externalize what impressed us about it. In our anal-
ysis, we draw on literature on effective teacher conversations
[8, 9] and take into account key features of students’ scientific
sense-making [23, 24]. In this paper, we ask: In what ways
are faculty engaging in pedagogical sense-making, and what
structural features might be supporting or sustaining this en-
gagement?

IV. ANALYSIS

The workshop leader (WL) launches the video lesson by
asking faculty to read and discuss the task that students in the
video will be working on. By doing this, she gives faculty
time to make sense of the physics task and consider ideas that
students might have related to it. After letting faculty discuss
in small groups, she plays the video, stating “I’m just gonna
ask you afterwards to talk with your partner about what you
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noticed, very open ended question.” She plays the 3-minute
video in which a physics TA (Levi) interacts with a group of
students who are working on a physics Tutorial about how
pressure operates in fluids. After watching the video, faculty
discuss with their partners for a few minutes. In one small
group discussion, we see evidence of faculty using the guid-
ing questions on the handout to direct their conversation to-
wards more refined observations and interpretations of class-
room events. Faculty refer to specific student statements in
the transcript to elaborate on and clarify their arguments. For
example, one faculty participant states “Yeah I’m just reading
the transcript...Like in line 16, she says..." After the few min-
utes of small group discussion, the WL begins a follow-up
conversation with all participants as represented in the tran-
script found in Table L.

Overall, we find this to be a rich conversation. First, mul-
tiple faculty participants are evaluating instruction and pro-
viding pedagogical justifications to support their evaluation.
Most faculty notice aspects of and make evaluative statements
about the TA’s instructional moves, such as, “I like the way
Levi...” (9), “one thing I really appreciated...” (11), and “we
noticed that what was also good about the TA...”(12). Several
faculty notice and praise the fact that the TA does not say any-
thing when he first sits down with the students, and instead
waits until they ask a question (2,4,11,12). Similarly, faculty
notice and praise the fact that the TA does not tell students
the answer but rather tries to pull students into the discussion
(9) and encourages students to “come up with some kind of
claim by themselves” (12) and “tackle this problem with our
brains and think about it” (10). We also notice that faculty
seem to be listening to and leveraging the ideas voiced in this
large group discussion to some extent, e.g., “like you said...”
(11), which suggests that at least some faculty are carefully
listening to their peers and possibly learning from them.

Faculty also notice aspects of students’ reasoning and en-
gagement that could support them in thoughtfully responding
to students and facilitating group work in their own class-
rooms. For example, faculty C suggests that students may
not recognize each other’s expertise because of the way they
choose to interact with each other (6). Faculty D notices when
another student says very little (9), and identifies a specific
instructional move on the part of the TA (“You seem to dis-
agree, to what do you disagree?”’) that may have ameliorated
this collaboration challenge. While faculty do not explicitly
state in this moment that these ideas are applicable or relevant
in other situations, we see how ideas could be generalized to
noticing and responding to student behavior in similar situ-
ations. Faculty may recognize these similarities or could be
guided to do so.

What the WL says and does in this session also may have
influenced the emergence of pedagogical sense-making. The
prompt that initiates this large group discussion (1) is very
open (“What’d you see?”’), which matches the initial prompt
that launched faculty small group discussions earlier. When
faculty A responds with an observation of the TA’s behav-
ior, the WL responds with another open, follow-up prompt



TABLE 1. Transcript of large group discussion among physics faculty facilitated by a workshop leader (WL). The left hand columns indexes
talk turns for reference within the body of the text.

WL: Okay, I’d love to hear what you got. Let’s come back. (Faculty become quiet.) What’d you see?

A: He didn’t say anything right away, Levi didn’t. He waited a solid thirty seconds maybe before he jumped in.
WL: What’d you think of that?

A: I think that’s probably a good thing to at least understand what the discussion (is), from his perspective.
(Faculty B makes a comment about the complexity of the prompt and the WL responds, not shown for brevity)

AN L AW N =

C: It kinda surprised me, that it seemed like one student clearly knew what was going on and could have helped the others. And she
did, but it sorta surprised me that she was being polite about it and not so much saying “Listen you’re wrong this is how you should be
thinking about this.” She was kinda giving them equal time. And so it was hard, it was probably hard for the other students to realize
“Oh she actually know actually knows what’s going on and she’s maybe just being polite.”

WL: That was Alicia, or Cass?

C: I think it was Alicia.

D: Cass is interesting one because she might be the one that understands the most, but she’s not saying it. It’s difficult to understand
whether even she is understanding or not, because she’s not participating. And I like the way Levi tried to bring her, like, “You seem to
disagree, to what do you disagree?”” So he’s trying to bring Cass into the discussion.

10 E: So it seemed like there was definitely some definitional issues that the students were dealing with, and maybe that came from lecture,
and we don’t know what happened in lecture so we don’t know if the professor just did a poor job or if it was intentional, but what I
liked was that Levi just put it aside. He was like “Lecture’s not, I wasn’t in lecture, Let’s just tackle this problem with our brains and

think about it,” which I thought was really great, and then you’re not kinda hinging everything on what the professor said in class.

11 F: I think one thing I really appreciated was he came and sat down and didn’t say a single word until one of the students said “I have a

question”, and then like you said he didn’t introduce anything he just waited until “I have a question.”

12 G: We noticed that what was also good about the TA was he didn’t tell them the answer, but instead guided them to formulate their
claim in a complete sentence, so he guided them into formulating their idea even though it was wrong, and refrained from teaching them
anything apart from helping them to come up with some kind of claim by themselves.

13

14

WL: Was anyone concerned about that, that he was helping them guide the formulation but it wasn’t going to be correct necessarily?

A: Maybe a little. I mean I noticed at one point he repeated back some specific language that they used, and that’s probably not how I
would describe it and I’m not sure it’s a great way to describe it so I don’t know if, I don’t know if maybe he should have tried to steer

them in a different direction.

(“What’d you think of that?”) that invites faculty A to eval-
uvate this behavior himself. Following this, we note that the
WL says very little for several turns of talk, simply acknowl-
edging and calling on faculty to voice their ideas without in-
terjecting her own ideas, and helping faculty to clarify their
thinking for others (e.g.,“That was Alicia, or Cass?” - 7). It is
only at the very end of this interaction that the WL substan-
tively alters the flow of the conversation (13) by providing a
reason that faculty might disagree with one another and invit-
ing them to voice opinions along these lines. In this last case,
it seems that the WL gives faculty social permission to dis-
agree both with one another and with the TA’s decision in the
video, which one faculty member takes up.

Though we have only analyzed one case of faculty engag-
ing in pedagogical sense-making in a context where they are
watching and analyzing classroom video together, we think
that it is valuable to speculate on what may have supported the
emergence of this activity. In a broad sense, because this is a
teaching-focused workshop, faculty are likely coming to this
session expecting to learn about instruction. While it is diffi-
cult to build strong conjectures about what features of these
specific situations influence faculty engagement, it is plausi-
ble to us that the following aspects of the session’s structure
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may matter: (a) the video is relatively short, focused on a con-
ceptually rich student task with accessible and relevant dis-
ciplinary content, and includes rich interactions among stu-
dents and between students and an educator; (b) clear driving
questions prompt faculty to reflect on what they see happen-
ing (both through the handout and verbal reminders); (c) fac-
ulty are given dedicated time to make sense of the physics in
small groups; (d) faculty are given dedicated time to make
sense of their initial impressions of the classroom episode in
small groups, with transcript provided; (e) the WL’s facilita-
tion moves invite faculty to share and elaborate on their own
ideas and respond to each other’s ideas. In this way, the WL’s
specific framing of the session, and the framing of the entire
workshop at large, may have played a role in their openness
to having these types of conversations.

V. DISCUSSION

Though we do not consider this to be a defining feature
of pedagogical sense-making, it is worth noting that much
of the reasoning we observe is consistent with education re-
search principles (such as constructivism). Some researchers
and PD leaders might characterize these new faculty as hav-



ing conceptions of teaching as telling and not expect them to
voice these ideas [13]. This case demonstrates that it is indeed
possible for constructivist resources to emerge in faculty PD
settings with junior faculty.

Secondly, our findings show that faculty are capable of
having productive evidence-based conversations around ped-
agogy. This analysis highlights several things that make this
pedagogical conversation productive: (a) sharing a diversity
of viewpoints publicly, (b) noticing student reasoning and be-
haviors within classroom moments, (c) noticing instructor be-
haviors within classroom moments, (d) grounding pedagogi-
cal logic in concrete classroom events, and (e) building claims
about the potential effects of instructional moves on students’
participation. We recognize that this is only an initial first
step toward fleshing out a framework for thinking about fac-
ulty engagement in pedagogical sense-making. We hope that
by sharing this analysis we inspire other scholars to build ad-
ditional cases toward understanding the nature of pedagogi-
cal sense-making. We imagine that a particularly fruitful next
step would be to seek out cases where educators are debat-
ing, comparing, contrasting, and refining pedagogical logic,
where a diversity of thinking gets put out on the table and
leads to a generative discussion. In developing such cases,
we encourage others to investigate not just PD settings, but
also other professional settings where collaborative instruc-
tional change efforts are being pursued (such as team-based
course transformation efforts, discipline-based education re-

search groups, departmental action teams [25], or campus-
based faculty learning communities).

We think that conversations around pedagogical sense-
making are likely to support faculty in being able to flexibly
adapt strategies to instructional situations (responding to stu-
dents in moment-to-moment ways in light of potentially con-
flicting instructional goals). We argue that a session focused
on building faculty awareness and understanding of an in-
structional strategy doesn’t preclude creating space for these
pedagogically-rich conversations within that session. We en-
courage workshop leaders to consider when and how to start
and sustain such conversations.

Though we have shown that physics faculty can engage in
pedagogical sense-making, we also know that they likely do
not always reason in these productive ways. As we have sug-
gested, it is likely that deliberate framing and specific situa-
tional structures lend robustness or stability to such reasoning
within groups of physics faculty. We hope to inspire others to
pursue additional research regarding what launches and sus-
tains instructors’ pedagogical sense-making.
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