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Introduction

At the end of an 18-month in-service teacher education program for engineering, Margaret, a
veteran elementary teacher, talked about a recent engineering lesson she taught to her third-grade
class. The students had been building rockets for a stomp launcher. They planned, built, tested
and revised their rockets over multiple class sessions. In an interview, Margaret recounts her
interactions with one student during testing:

This kid, Charlie, he was trying so hard to make an air-tight rocket. ‘Cause he figured, mine
is not going far because it’s leaking. That the air is going through it and it’s leaking, so it’s
not going very far. ‘So I am going to make an air-tight rocket.” Well, he had layers of wax
paper, aluminum foil. He pinched off every little corner he could find. Little holes he covered
with metal washers, which then had a lot of masking tape. [laughter] This thing weighs a
ton! So I'm sure it doesn’t have any air leaks, but it weighs a ton!

...I'm watching him put all these layers on... and I am letting him put all these layers on it...
‘Cause if I just tell him, ‘Honey, that’s going to be too heavy,” he’s just gonna, you know, be
disappointed and take my word for it. Or he’s such a lovely polite person, he’s not going to
argue with me, and he hasn't tested it yet, so he doesn’t have the evidence to counterclaim or
whatever. So I would have really stolen from him the opportunity to think that through.
(Interview 5)

In her reflection, Margaret recalls specific details of Charlie’s latest rocket design. She notes that
he had been attending to a particular problem—how to keep the rocket from leaking out air. She
also acknowledges her own understanding of the mechanics underlying his design—the weight
of the rocket needed to be considered alongside how well it traps air. While she was aware that
Charlie’s design was too heavy to be launched, she let him try out his ideas on his own. She
reasons that if she were to intervene and point to the rocket’s weight, she would not be providing
him with opportunities to gather his own evidence, analyze his design’s performance, and
identify the critical mechanisms and trade-offs for himself. She considers how this intervention
would affect his engagement in the activity and how it would restrict his agency to discover new
ideas for himself.

In this moment, Margaret expresses a stance towards teaching engineering as providing
opportunities for students to explore and learn from their design ideas, particularly when those
ideas do not perform as expected. She considers the engineering design process (EDP) not just as
a series of steps for students to go through in their designing, but as ways for students to reflect
on and learn from their design. Notably, this stance is markedly different from how she says she



taught her students in the past: “Oh I would have totally told him that it was going to be too
heavy.” (Interview 5)

We open with this example to illustrate the kind of pedagogical sense-making and
reflection that, we argue, is critical for teaching engineering design. Teaching engineering
involves being flexible in noticing and responding to student thinking [1]-[3], drawing on
nuanced understandings of the design process [4]-[7] to make decisions about how to support
students’ engineering learning. However, to date there are few examples in the literature that
look at the development of teachers’ pedagogical reasoning for supporting students’ engineering
learning. These depictions are critical for building deeper understandings of how teachers learn
to facilitate students’ engineering and for informing engineering teacher education to better
foster teachers’ learning. We argue that an important step is to explore in-depth how teachers like
Margaret develop the productive stances exhibited in the opening quotes.

In this paper, we examine teacher learning in the context of an 18-month online graduate
certificate program in engineering education, in which two courses focused on engineering
content and two courses on engineering pedagogy. We present a detailed case study of an
elementary teacher who exhibited productive shifts in their pedagogical stances toward students’
engineering. We detail changes in her sense-making about teaching and learning engineering
over four interviews, including as she discussed videos of students’ engineering from others’ and
her own classroom. Our goals are to (1) position the transformations in pedagogical reasoning as
novel outcomes for engineering teacher education and (2) provide detailed depictions of the
contextual and dynamic nature of these transformations over the course of a program for
engineering educators.

Teacher learning in engineering

To situate our focus on teachers’ pedagogical reasoning in engineering design, we briefly review
the existing work on teacher learning in engineering education. There has been a wealth of
research on teachers’ conceptions of engineering or STEM [8]-[10] and how teacher educators
can support teachers to better understand what engineers do and how it relates to science [11],
[12]. Similarly, researchers have examined teachers’ content knowledge in engineering [13]. In
particular, professional development has focused on increasing teachers’ familiarity with and
understanding of the engineering design process [14] and supporting them to select lessons that
reflect the design process [15], [16]. Others have pointed to the importance of teachers learning
design as a problem-solving process. Rather than the EDP being a set of step-by-step
instructions, teachers need to see it as comprising of a set of overlapping practices that can help
orient students as they navigate the messy, unpredictable process of designing [17], [18]. Lastly,
a strand of work has explored elementary teachers’ perspectives on design failures [19], [20] as
an integral part of learning engineering.

In addition to drawing on understandings about engineering and the design process,
teaching involves actively planning engineering units, launching design tasks, supporting
students’ group work, and leading whole-class discussions to facilitate students’ engineering
learning. The field has started to examine these aspects of engineering pedagogy, in terms of
practices and moves [3], [21]-[23]. There have been accompanying efforts to characterize
pedagogical content knowledge in engineering [6], [24], [25] and how teachers’ own disciplinary
experiences can influence their goals for teaching [26]. Our prior work has emphasized the



importance of pedagogical responsiveness, looking at what teachers with varying degrees of
experience teaching engineering notice in students’ thinking and how they respond [2], [27].

Building on this work, we take the perspective that teaching engineering requires
teachers’ judgment and reflection. Teaching engineering is complex; the ill-defined and dynamic
nature of engineering requires teachers’ flexible judgment to support students’ work.
Furthermore, there can be pedagogical tensions that emerge between competing disciplinary,
socio-emotional, and equity-focused goals, particularly in interdisciplinary units [28]. Just as
engineers consider trade-offs in their designing, elementary teachers need to grapple with the
trade-offs in their own instruction, motivating a focus on teachers’ pedagogical reasoning and
reflection in engineering. In particular, we are interested in how teachers make sense of the
relationships between discipline of engineering design, pedagogy, and student thinking. We draw
on the construct of stance to refer to teachers’ verbalized sense-making about these aspects of
teaching and learning engineering. In the next section, we describe our theoretical perspective
that teachers’ stances can be dynamic and contextual, in interaction with local and broader
contexts of their work.

Dynamic perspectives of teacher learning

In our examinations of teachers’ reasoning and learning, we draw on scholarship that considers
teachers’ cognition as dynamic and context-sensitive [29]-[33]. This perspective stands in
contrast to models in which teachers progress through stages of development or that presume that
teachers’ knowledge, views, and beliefs are stable and coherent. Instead, our perspective
recognizes that teachers’ stances can be dynamic, in interaction with the local and broader
contexts.

lustrating how teachers’ stances can be sensitive to context, Tang et al. [34] presented a
case describing a teacher’s different approaches toward the scientific process during a ninth-
grade environmental science class. At the start of class, the teacher was oriented toward
introducing the scientific method and how it might be tested on a standardized assessment. She
initially focused on the scientific method as a series of ordered steps that do not overlap and key
vocabulary that the students would need to know for the test. After this discussion, she prompted
her students to design their own experiments for comparing earthworm habitats and started to
transition away from a focus on the steps and vocabulary of the scientific method, emphasizing
instead on students’ brainstorming and sense-making about the phenomena. This example
highlights the dynamic nature of this teacher’s stance toward the scientific process, at first taking
a stance toward the scientific process as a set of linear, ordered steps, but then shifting to focus
on science as inquiry.

This and other examples [1], [31], [32] show that teachers can exhibit shifts in their
stances in both moment-to-moment interactions and across contexts, such as from professional
development to classroom teaching. From this dynamic perspective, teachers’ learning or
progress has been conceptualized as developing stabilities in their stances [33], [35], in which
they express similar reasoning more consistently over time and across contexts.

We apply this dynamic and context-sensitive perspective on teacher learning in
engineering, looking at teachers’ stances toward teaching and learning design. By not presuming
teachers’ stances to be consistent, in this case study we examine teacher reasoning for both
variability and stability over time. Our objective is to characterize a teacher’s stances, identify



meaningful shifts over the course of the program, and look for evidence of stability in her
reasoning. Specifically, we ask:

1) Within an online engineering education program for in-service teachers, what stances
does this teacher take toward learning and teaching engineering design?

2) What shifts do we observe in her stances?

3) For these shifts, what evidence do we see of stabilities in her stances, particularly across
contexts of engineering?

Study context

This study takes place in the Tufts Teacher Engineering Education Program (TEEP), an online
asynchronous program in engineering education for in-service teachers, STEM specialists, and
other educators. Educators take four graduate courses over eighteen months. TEEP was designed
to help educators not only learn engineering content, but also develop their pedagogical
reasoning and practice to support students’ engineering learning. Two courses focus on
pedagogy, including what it means to learn engineering and instructional approaches to support
this learning (Figure 1). The program has four central goals, in line with recent recommendations
for engineering teacher educators and professional development [14], [18]:

GOAL I: Engage teachers in engineering content and process

GOAL II: ~ Support teachers’ learning of responsive pedagogy in engineering

GOAL III:  Enable teachers to plan, modify & select curricula with attention to student
thinking

GOAL IV:  Build a community of educators in engineering nationally and internationally

In Table 1, we summarize the key instructional activities in TEEP, how they align to our
four central goals, and in which courses teachers engage in these activities.

Goals Key instructional activities Course
Learning engineering content (e.g. gear ratios) and reading about & 1 &3
discussing accounts of professional engineering

[& 1V
Engaging in engineering design process in authentic challenges 1&3
Analyzing student thinking in one-on-one interviews with learners 2
Reading data-rich journal articles in engineering education 2&4

IL III, & IV Discussing videos of students’ engineering work, including from own 2&4
classroom
Reflecting on pedagogical moves and structures to support students’ 4

engineering

Table 1. Goals and instructional activities in the four courses of the program.

Data collection



To understand how elementary educators shifted in their stances toward teaching engineering,
we recruited 11 research participants in the 2017-18 TEEP cohort. Each participant consented to
collecting videos of students’ engineering from their classroom, participating in research
interviews, and allowing researchers to analyze their coursework. For this paper, we examined
participants’ research interviews and videos from their classroom.

Classroom videos

At three different points in the program we asked participants to collect video of consented
students engaging in engineering in their classroom. For each submitted video, a researcher
noted moments that showed evidence of student thinking or teacher-student interactions around
engineering. In their subsequent research interview, we then asked participants to watch and
discuss what they noticed during a brief clip (2-7 minutes) of their video.

Research interviews

Participants were interviewed a total of six times over the course of the program using a semi-
structured protocol, via web-based videoconferencing technology (typically Skype). At the start
of the program (Interview 1), each participant was individually interviewed by a member of the
research team. Participants were asked about their views and goals toward teaching engineering,
their reasons for enrolling in the program, and a description of their most recent engineering unit.
In both the initial and final interviews (Interviews 1 and 6) participants watched two videos of
students’ engineering, collected from our prior projects (we refer to these “research videos” in
Figure 1). The research videos were chosen because they showed evidence of students’ thinking
in engineering, including their planning of a design solution, giving and receiving feedback on a
prototype, and analyzing their solution using evidence [36]. After watching each research video,
teachers were asked what they saw in the video as relevant to them, as a teacher of engineering,
and what they might do next if they were the teacher.

Interviews that took place after each course (Interviews 2-5) began with questions about
participants’ experiences in the prior course and the significant things they had learned. During
Interview 4, teachers watched and discussed another research video, while in Interviews 2, 3, and
5 participants were asked to watch and reflect on their own classroom videos (e.g., video-
stimulated recall interview [37]). For these videos, teachers were asked what they saw as relevant
for themselves as teachers of engineering and what they might do next or change about their
pedagogical moves after having seen the video.

Fall 1 Spring 1 Summer 1 Fall 2
Content Pedagogy Content Pedagogy
Course 1 Course 1 Course 2 Course 2

1 2 3 4 5 6

RV Ccv Ccv RV CV RV

Interview timing




Figure 1. TEEP course sequence over 4 semesters (18 months). Bottom line shows timing of the
six teacher interviews and whether teachers viewed research videos (RV) or videos from their
classroom (CV).

Analytic methods

Motivation for a case study approach

We motivate a case study approach first based on our data. In contrast to studies and reports that
generalize elementary teachers’ prior experiences and attitudes toward engineering, we found a
great deal of diversity among educators. In the program and in our research population, we
observed that elementary engineering educators were not monolithic in their backgrounds,
institutional contexts, perspectives, or teaching. We expected (and found) that there was much to
be learned by not aggregating over this variability across our participants. Instead, we sought to
better understand teachers as individual learners and examine the distinct dynamics of their
learning. As such, we find that a case study approach is appropriate for such a naturally bounded
unit of study [38].

Furthermore, we argue that a case study approach to studying teacher learning is
warranted based on the nascent state of the field in engineering education. Rich case studies offer
starting points for theory-building, identifying fruitful constructs and patterns that can be
investigated further. As others have pointed out [39], [40], this approach is common in the
medical field, in which medical case studies serve to identify potential mechanisms and
hypotheses in unique instances which can then be studied at different scales, including large-N
experiments.

In particular, we position these case studies as showing what is possible for teacher
learning; critical cases [40] for educating engineering teachers. As the field works to characterize
and support productive pedagogical approaches to teaching engineering, we see the contribution
of these case studies in terms of their generativity [41] for thinking of novel targets for teacher
learning in engineering, specifically in showing how shifts in teachers’ pedagogical reasoning in
engineering is a worthy and attainable outcome of engineering teacher education.

Selection and description of case study participants

After each round of interviews, the research team met to discuss the 11 participants. The
interviewer summarized key points from the interview, referencing written notes in a shared data
spreadsheet. We then informally compared summaries from previous interviews to get a sense of
changes in how participants talked about engineering, how they approached teaching
engineering, and what they noticed in classroom videos. Through this process, we identified
several teachers on whom to focus our analysis, ultimately selecting a single case to share in this
paper.

Alma is a veteran 37-5™ grade science teacher in a rural, racially-diverse public school in
the southeastern region of the US. She had done numerous STEM units with her students but
wanted to learn more about engineering. We identified her initially because we noted after her
second interview how she was talking very differently about the engineering design process as



compared to her first interview. We selected her as a case to characterize the possible shifts in
her stances and examine variabilities and stabilities.

Analyzing interviews

For this paper, we focused data analysis on the first four interviews with Alma. One researcher
watched each interview and developed a content log of the discussion in five-minute intervals.
We then met as a team to discuss the content logs. We used a constant comparative approach
[42] to identify emergent themes of teachers’ learning, look for evidence in other interviews, and
refine our categories. We then turned to the transcript to highlight passages that reflected these
themes, looking for both confirming and disconfirming evidence. After this sampling, we
systematically coded the interview transcripts, identifying her stances towards: (1) students’
capabilities for doing engineering, (2) students’ communicative practices in engineering, (3)
student ideas in STEM, (4) teaching and learning EDP, and (5) the role of idea exploration in
engineering. Using these sampled and coded excerpts, we developed analytic memos for each
interview, highlighting where we saw variability and stability in her stances and comparing
across interviews to describe shifts in teacher’s reasoning. It was at this stage that we refined our
themes, narrowing our focus to Alma’s stances toward the EDP. We then developed narrative
analyses, independently revisiting interview transcripts and classroom video to confirm our
claims.

Researcher positionalities

We note that two of the researchers (second and third authors) were instructors for Alma; the
other researcher (first author) was not affiliated with TEEP while Alma was enrolled in the
program. Our research team therefore brought both insider and outsider perspectives on this
participant. The second and third authors contributed deeper insights into Alma and provided
access “to ‘insider’ meanings” in her interviews (Horn & Little, 2010, p. 187). The first author
brought an external perspective on this participant, supporting the team to remain grounded in
the data. This coupling of insider and outsider perspectives supported us to consider multiple
interpretations of data, hold each other accountable, and resolve discrepancies, which, in turn,
served to bolster our claims.

Case analysis of Alma’s stances toward the EDP

We now present the case of Alma, arguing that she exhibited dramatic shifts in her stances
toward teaching and learning the engineering design process (EDP). At the start of the program,
she was stable in treating the EDP as a series of linear steps that students and engineers progress
through. After engaging and reflecting on her own engineering in the first course, she started to
express a more fluid stance when talking more abstractly about the EDP but continued to take it
up as a linear process in her classroom teaching. By the end of the program, Alma exhibited a
growing stability across contexts in her stance toward the EDP as a fluid set of overlapping
practices that students and engineers could engage in.

Alma’s initial stances

Alma’s stance toward the nature of the EDP was consistent throughout her first interview. She
was familiar with the steps of a particular EDP, treating them as discrete steps that students
needed to know and do. This stance stands in contrast to depictions of professional practice, in



which these steps represent different overlapping practices that designers navigate when solving
problems. When describing STEM units in her classroom, Alma emphasized the prominence of
the EDP and its associated vocabulary:

...[my students are often] engineering something using the engineering design process.
It's hanging right up over here above my bulletin board... I refer to that all the time. 1
teach my kids the engineering vocabulary. It's listed right there on the poster board. My
kids know what a challenge is, they can define it too. Tell you what it means.
Collaboration, constraints, criteria, innovation, product, and prototype. So I'm teaching
them that... (Interview 1)

In her description of her engineering instruction, she highlighted the steps of the EDP on a poster
hanging in her room, stating that she referenced it “all the time” with her students. While this
quote did not give evidence of #ow she used the EDP in her classroom, her emphasis on
vocabulary reflected a stance toward engineering knowledge as being about defined terms —
learning engineering is learning the particular steps and vocabulary.

She also talked about her instruction in terms of the steps of the EDP. She structured her
lessons so that students would engage in each step of the design process sequentially. She
referred to the steps as requirements; students “had to” plan, create, and improve. She also talked
about how she organized her class to make time for these steps, and she struggled to make time
for “improve.” While her familiarity with the steps of the design process is important for
supporting students’ engineering, we argue that her stance toward the EDP does not reflect
professional engineering practice, in which the EDP represents the kinds of activities that
engineers fluidly move between to solve a problem.

In her discussions of the research videos of students’ engineering during Interview 1, she
also made sense of students’ work solely based on what step of the EDP they were supposed to
be doing. After watching the first research video, before the interviewer even finished her first
question, Alma asked about the EDP:

Well I got a question first. In that video. That appears to be, to me, the communication
part. Am I correct on that? If you're looking at the engineering design process: ask,
imagine, plan, create, improve, communicate. Is that the communication step, that they
were just doing? (Interview 1)

During the introduction of the second research video, later in Interview 1, she again interrupted
the researcher to ask about the step of the design process: “So this is the communication part
again? Right?” To make sense of a video of classroom engineering, Alma had to first identify
which step students were on. Her question presumed that these steps were discrete and came
after the other steps (ask, imagine, plan, create, improve, then communicate). Notably, we saw
the students in the videos engaging in multiple kinds of design activities, beyond communicating
their design. The class imagined how their device would work in the setting, tested its
functionality, brainstormed new design ideas, and made rapid improvements to their design.
Alma did not notice any of these productive aspects of students’ activities. Instead, she talked
about how, if she were the teacher, she would ask students to go back through the steps of the
design process again, since she felt that they were not yet ready to communicate their design.



They should write down the problem, plan and draw a picture, and, importantly, agree on a
design before they can build or communicate it with others.

In sum, in her first interview, Alma expressed a stable stance toward the engineering
design process as consisting of discrete steps that need to be taught to and scaffolded for
students. With this stance, her interpretations of student thinking in the videos were limited to the
particular step of the EDP she thought they were on, leading her to miss productive aspects of
students’ engineering.

Shifting in her stances toward the EDP

After the first course, in Interview 2, Alma expressed remarkable shifts in her stances toward the
EDP. She directly connected the changes in her thinking to her own experiences engaging in
engineering design during Content Course 1 of TEEP:

Well one of the things that I found out in this course and it was really hard for me to kind
of break free from it, was that those steps, they don't always go in that order. They go a
little bit everywhere. Because I was doing that [final project and it was like, ok, I had to
ask myself, how am I going to build this thing? I was just kind of imagining things in my
mind, what it would look like. ... But I did find as I was creating, that I was going back
and I was kind of like, wait a minute, this won't work this way, so I'm going to have to go
back now to the ask part ...And then I was going back to the asking and imagining again
and then I was planning it out again, adding to my drawing that I'd done. ...Then I got
feedback back from my colleagues and then I was going back to [the] asking phase. [I]t
was all over the place. It was nothing like that [pointing at the EDP representation in her
classroom]... [The EDP] goes all over the place. It doesn't have to go in that order ...
[B]ut I find myself telling my kids, now it doesn't have to go in that order. It can bounce
and go all over the place. (Interview 2)

Alma talked about the EDP as being more fluid and unpredictable than she previously thought.
She grounded this with an example of her own experience jumping between the different
practices of the design process. For instance, while she was creating her final project for the first
content course, she found that she had to go back to ask more questions about a part of her
design that was not working. She incorporated research throughout the design process, rather
than containing it to a particular phase, prior to imagining or creating her solution. She reflected
on how her new perspective on the design process shaped how she introduced it to her students.
She still found the representation posted in her classroom helpful for her teaching, but she no
longer frames it as a linear process, instead talking about how a designer can “bounce” around to
the different parts and the process can “go all over the place.”

While the above quote provides evidence that Alma changed how she talked about the
design process with her students, there is also evidence that she continued to think about the
steps as a linear scaffold with her students’ engineering. In the same interview, as she shared the
context around a video of her recent engineering unit in her classroom, she introduced the
students’ engineering in terms of the linear steps that they had already completed. She also used
the EDP to justify what she did next as a teacher:



Researcher:  And when you-- so after this stuff that was happening in the video, the next
thing you all did, I hear you say, is testing. Like how did you decide that
that was the next thing to do?...

Alma: It was just the way that I just sat down and decided to plan out the lesson.
OK we're going to we're going to build it. We're going to create it, build it,
then we're going to test it. Then we're going to improve it, then we'll test it

again.
Researcher: Is that part of the engineering process? Like, was that informed by that?
Alma: Yes it was.

(Interview 2)

In this quote, Alma talked about planning out each of the students’ activities in terms of a linear
depiction of the EDP. When engaging in her own engineering, she was responsive to decide what
she would do next based on what was productive for her designing. However, in her teaching she
directed students to engage in the next step of the EDP, without considering whether that was the
productive activity based on students’ work.

Furthermore, there is also evidence that shifting around the steps of the EDP would be
problematic for her. When she talked about how the students were taping their wheels to the
axle, she suggested that she could have looked at their designs before they started building and
established as a constraint that they could not tape their wheels. She evaluated that as a teaching
move based on how it would affect their progression through the EDP: “But that would've
caused us to go back, to have to go back and re-plan if I had done it that way.” (Interview 2)
Alma’s quote is consistent with a stance that the EDP is a linear set of steps to help her students
progress through; going back to the planning step would be a problem. In her stance toward the
EDP in her own engineering, going back to plan was a productive part of her designing; this
contrast highlights the context sensitivity in her stance.

Developing stability in her stances toward the EDP with students’ engineering

In the previous section we argued that there were significant shifts in how Alma talked about the
EDP between the first and second interviews; she started recognizing it as more dynamic and
fluid. However, these shifts seemed limited to her reflections of her own engineering and how
she introduced the EDP to her students. When her students were engaged in engineering design,
she seemed to maintain her initial stance toward the EDP as comprised of sequential steps. In the
third interview, after the second course (Pedagogy Course 1), there is evidence that she started to
take an even more fluid and open stance toward the process with her students’ engineering. In
the following quote, she talked about how she structured lessons around a new technology,
Ozobots, that her school had acquired:

[A colleague] wanted to find a lesson on [website] that we could do with [Ozobots]. And
I'm like, no, we don't need to start there with the training. We actually need to let [the
students] kind of play around with the code sheet that’s on there and see what the Ozobot
does with each one of those codes and then have them actually design and create their
own track that the OzoBot can follow using those codes. So I've already trained 11
classrooms in my school, and I have stressed, this is tinkering. That's what you're doing.
You were finding out how this works. Um, and even some of the teachers that have
trained has said, I like that word tinkering. It is better than saying we re going to play.

10



They have learned so much just by tinkering, so that was another journal entry [44] that's
kinda changed my thinking a little bit about myself because I see that I guess I don't
allow enough time for in my classroom and uh, I see the importance of it, you know,
because even though it might look like play to some, to somebody else in my school, is
actually they are learning and they are figuring out how something works. That’s what
engineering is, you know, it's learning how something works. (Interview 3)

In this quote, Alma reflected how she has supported changes towards a new instructional
approach in her school. Instead of setting up a structured lesson plan, Alma advocated for letting
students play around with the Ozobots and code sheet. This approach reflected a more open and
fluid perspective on her students’ engineering by allowing them unstructured time to figure out
the technology rather than going through a set of directed steps. Instead of talking about
engineering in terms of steps and terminology, as she did in her first interview, Alma now
describes engineering as “learning how something works.” While her definition is too general to
capture the nature of engineering, it represents an important shift in her thinking away from
narrower conceptions of engineering (i.e., her emphasis on vocabulary) to a more open one,
which she used to allow her students to engage in a wider range of activities to support their
learning.

We also see here how she is making connections with her new perspective on learning
engineering with the norms and expectations of school. In particular, the word “tinkering” offers
her a way to make the students’ exploration in the design process be more consistent with what
their administration and colleagues expect of classroom activity. Labeling students’ work as
play, on the other hand, she saw as in tension with those expectations. By making connections to
her particular institutional setting, we argue that she was developing stability in her shifting
stances toward students’ engineering.

There was also evidence of Alma’s growing stability in what she attended to in students’
engineering. In the fourth interview, Alma watched another research video, which showed
students working together to plan their design. When reflecting on what the students were doing,
Alma noted the fluidity and overlapping nature of students’ design work:

You know, they're, they're going through a lot of steps of the engineering design process
already right there in the video. ...Well, [ mean they're asking questions, definitely.
They're imagining, they're planning out, they re drawing. They've made a creation with
the pencil going on top of the bottle. They 're talking through and trying to improve how
both ideas could work. They are communicating. They're doing everything right there in
that video. It’s kinda scary. [laughter] (Interview 4)

Alma volunteered that she sees “everything” in the design process in what the students are doing
in the video. In contrast to the first interview, in which she classified students’ work solely in
terms of which step of the EDP students were supposed to be on, here she noticed the different
ways in which the students’ activities reflect multiple steps of the EDP. Her noticing in this
video and how she structured the unit on Ozobots both suggest that her stance toward the EDP
was becoming stable across contexts: it is not just in her own designing or in abstracted
conversations about the design process that she sees it as fluid and overlapping activities, but
now also in students’ work.
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Discussion

Prior research has studied elementary teacher learning in engineering primarily through the lens
of teachers’ perceptions of engineering and content knowledge [11], [15]. This focus makes
sense, given both the novelty of engineering in K-6 education and teachers’ lack of prior
experience in engineering. This work informed the design of TEEP; teachers took two courses on
engineering content, engaging in authentic design tasks themselves to develop new
understandings of the discipline. This paper extends the focus on teachers’ engineering
knowledge to examine how teachers apply this knowledge in their teaching, that is, how they
make sense of these disciplinary understandings in planning design tasks, noticing student
thinking, and making instructional decisions.

We presented a case study showing one teacher’s transformations in her pedagogical
reasoning in engineering in an online graduate program. We focused on aspects of her reasoning
that were disciplinary-specific: Alma expressed new ways of reasoning about teaching and
learning the engineering design process. We purposefully selected this case given the exemplary
changes in her reasoning; we are not arguing that she is representative of all the teachers in
TEEP. Instead, we position this case as revelatory, as providing generative ways of thinking
about teacher learning in engineering. We argue that the shifts in Alma’s stances should inform
central goals for teacher education in engineering.

This case also highlights the context-sensitivity of teachers’ reasoning. Alma expressed a
dramatic shift in talking about the engineering design process as being fluid and dynamic after
her first engineering content course, but there was evidence that this stance was not a meaningful
part of her teaching until later in the program. This analysis provides further evidence that what
teachers express in one setting may not be consistent with what they say or do in other settings.
This finding motivates researchers’ sensitivity in assessing teachers’ disciplinary understandings;
what teachers express on surveys or when talking about engineering in an abstract sense may not
reflect the understandings they draw on when teaching [45], [46].

The dynamic and context-sensitive nature of teachers’ reasoning also suggests limitations
to our claims of stability in this case study. Given the online nature of the program, we were
limited in our access to teachers’ classroom instruction; while teachers collected video from their
classroom, these provided only occasional windows into their pedagogical stances with their
students. To bolster our claims, we triangulated data from Alma’s classroom videos, reflections
in research interviews, and program coursework to look for consistency as evidence of her
stability in their stances.

Future directions of our research involve building on this analysis to explore ways in
which teachers develop stability in their stances. In particular, we are looking at how teachers’
pedagogical reasoning in engineering is entangled with their interactions within institutional
settings, cultural norms, and personal lives. For one, we observed Alma developing artifacts,
such as lesson plans, that supported their stances toward the EDP. She wrote and taught an
engineering lesson with a more dynamic perspective toward the design process as part of an
application for a teaching award. We conjecture that the teachers’ reorganization of their lessons
and other school artifacts stabilizes their stances in these contexts. We also saw Alma’s
engagement in deliberate sense-making across contexts as contributing to their stability. Alma
used the term “tinkering” as a way to bridge her values for students’ idea exploration to the
institutional norms and expectations of her school. Lastly, we are exploring how teachers’
personal relationship to the discipline contributed to their pedagogical reasoning; Alma shared a
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personal narrative about how her new understandings of engineering shaped their retrospective

understandings of her family history. We see these additional lenses as contributing new
perspectives on teacher learning, bringing together issues of pedagogy, epistemology, and

identity that have thus far been treated separately in the literature.

Conclusion

As elementary educators begin to incorporate engineering into their classroom, there are both
challenges and opportunities for engineering teacher educators to effect change in the elementary
classroom [17], [18]. This paper argues for increased attention to the role that teachers’
pedagogical reasoning plays in achieving authentic forms of engineering in classrooms. We
show that productive shifts in teachers’ pedagogical reasoning in engineering are attainable,
documenting a detailed case within an extended online program that focuses both on content and
pedagogy. This case motivates future research that examines both what contributes to these shifts
and how to design engineering teacher education programs to support teachers’ transformations.
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