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du

We examined teachers’ development of adaptive expertise of mathematics language routines
(MLRs) as they engaged in Studio Day professional learning focused on the MLR Compare and
Connect. We collected video data from pre- and post-Studio Day meetings, as well as debriefs
and their lesson enactments. We analyzed the data using three dimensions of adaptive expertise:
[lexibility, deeper level of understanding, and deliberate practice. We share a case study of a
teacher exhibiting dimensions of adaptive expertise during the Studio Day Cycle through the use
of a gallery walk. The teacher’s enactment of the MLR Compare and Connect provides an image
of a teacher’s adaptive expertise of this MLR and helps us understand these MLRs and how
teachers use and make sense of them in their instruction.

Keywords: Professional development; equity, inclusion, and diversity

This paper focuses on a professional learning experience for secondary mathematics teachers
that used Studio Days model of professional learning (Von Esch & Kavanagh, 2018), which is a
modified version of Japanese Lesson Study. Our Studio Day experience for teachers was focused
on language and mathematics simultaneously through the use of mathematics language routines
(MLRs; Zwiers et al., 2017), a unique experience for most mathematics teachers, as few
mathematics teachers have had professional learning experiences that bridge both multilingual
learners and mathematics teaching (Ballantyne et al., 2008). MLRs are scaffolded routines
intended to lead to students’ independent participation in the mathematics classroom through
supporting sense-making, optimizing output, cultivating conversation, and maximizing linguistic
and cognitive meta-awareness (Zwiers et al., 2017). In this Studio Day Cycle, teachers learned
about the MLR Compare and Connect, which engages students in comparing and contrasting
different mathematical approaches through examining different mathematical representations,
approaches, examples, or language (Zwiers et al., 2017). Students are meant to develop meta-
cognitive and meta-linguistic through their conversations with peers (Zwiers et al., 2017).
Teachers need more than a cursory understanding of these MLRs to help their students to use and
make sense of these routines in their classrooms (i.e., more than reading directions of how to use
them off a page). Additionally, as a field, we need to understand how teachers use and make
sense of these routines. Therefore, we saw Studio Day professional learning experiences as a
space for teachers to develop adaptive expertise with MLRs. We define adaptive expertise as the
ability to implement MLRs with the flexibility to navigate a localized context without sacrificing
ambition or complexity (Hatano & Inagaki, 1984). Our research question was: How did a teacher
make sense of the MLR Compare and Connect during a Studio Day Cycle in ways that
demonstrated their adaptive expertise?
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Adaptive Expertise

Our theoretical framework uses the construct adaptive expertise (Hatano & Inagaki, 1984), as
defined above. Adaptive experts differed from routine experts because they were able (a) to adapt
to a desired outcome; (b) to demonstrate the usefulness of their skill; and (c) to find value in their
work from their group members. Schwartz et al. (2005) explained the importance of being able
to move away from efficiency. For example, it takes time and effort to move from learning a
single routine to learning multiple routines and being flexible with them. Von Esch and
Kavanagh (2018) also developed on Hatano and Inagaki’s concept of expertise and noted that
adaptive expertise is being able to draw on and retrieve relevant existing knowledge. For
example, adaptive experts are able to flexibly use knowledge that they have developed around a
framework they have developed.

Teachers who possess adaptive expertise are use their knowledge of their students as they
adapt their practices, curriculum, and instruction (Beltramo, 2017), scaffolding students’
mathematical development through the use of effective instruction and appropriate assessment
tools (Heinze et al., 2009). In this study, we were particularly interested in teachers’ development
of adaptive expertise as related to MLRs, so as to better attend to multilingual learners. We
operationalize our definition of adaptive expertise, drawing from Yoon et al. (2019), who
identified three dimensions of adaptive expertise—flexibility: exhibits an awareness of students,
particularly multilingual learners and context, as related to MLRs; deeper understanding: brings
in variations related to the MLRs and considers affordances and constraints of the MLRs;
and deliberate practice: demonstrates motivation, focus, and repeated effort to monitor their
practice and devises and subsequently attempts improved implementation. These categories of
adaptive expertise will be used for understanding how the secondary teachers demonstrated
adaptive expertise of the Compare and Connect MLR within their participation during a Studio
Day Cycle.

Method

Our study was situated in a school district on the West Coast that included a substantial
number of multilingual learners. This paper focuses on the second of three Studio Day Cycles
during the 2023-24 school year.
Context: Studio Days Enactment of Multilingual Learner Principles and MLRs

Each Studio Day Cycle involved three professional development meetings and targeted a
single MLR, with this cycle attending to the MLR Compare and Connect, described in the
introduction. During the pre-Studio Day, teachers learned about the MLR and prepared to
implement a lesson that included this MLR. Teachers then enacted this lesson at their school
during the Studio Day, with teachers observing each other’s implementation. During the final
day of the cycle, the post-Studio Day, teachers examined and analyzed student work and video
clips from the implementation, shared challenges and successes, and considered implications for
their future practice.
Participants

Four junior high school teachers from the three junior high schools in the district participated
in the study. This paper is a descriptive case study (Merriam, 1998) of one of these teachers, Ms.
Severn.
Data Collection and Data Analysis
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The larger project collected multiple sources of data; because of the brevity of this report, we
focused on videotaped pre-, post-, and Studio Day meetings with teachers, as well as videotaped
classroom enactments. We transcribed these videos using Otter.ai and then cleaned the
transcriptions. We examined the transcripts, and first coded for instances when there were
instances of MLRs occurring within the data. Next, we coded these MLR instances for adaptive
expertise related to the MLR within each aspect of the Studio Day Cycle transcripts. We used a
priori codes of Yoon et al.’s (2019) three dimensions of adaptive expertise: flexibility, deeper
understanding, and deliberate practice to code our multiple data sources. We then examined each
occurrence within a single Studio Day component (i.e., only pre-Studio Day), as well as
examined each adaptive expertise dimension (i.e., only flexibility) to make sense of how
participants demonstrated adaptive expertise of the Compare and Connect MLR within their
participation during a Studio Day Cycle. We looked for themes within the Studio Day
components and the adaptive expertise dimensions and share these themes within our findings.

Findings

We found that one teacher, Ms. Severn, used a gallery walk (e.g., sharing student work) to
make sense of and enact the Compare and Connect MLR with their students, thereby making the
MLR their own and exhibiting their adaptive expertise of the MLR. We share key dimensions of
their adaptive expertise from aspects of the Studio Day Cycle to illustrate the teachers’ process
for this work.
Pre-Studio Day

Part of the initial work during the pre-Studio Day is to provide teachers an overview of the
MLR. During this initial overview, the first author shared that there were multiple ways for
teachers to “Compare” work during the Compare and Connect MLR. The author noted, “You
could do a gallery walk and just have students put up work.” A few minutes later, Ms. Severn
asked, “How would a gallery walk work in our classroom with filming students?” Because this is
a research study, there are considerations regarding moving non-consented students out of sight
during lessons. However, we were very mindful of keeping lessons flowing as normally as
possible and let Ms. Severn know this. We highlight that Ms. Severn was already considering
how to enact Compare and Connect before she had experienced the routine—simply after a brief
overview of the routine. This is the beginnings of Ms. Severn’s deeper level of understanding, as
she considered contexts in which to apply the MLR within her own classroom. Ms. Severn was
using knowledge of her own students to begin to make the lesson her own (Beltramo, 2017).
Studio Day — Ms. Severn’s Gallery Walk

Ms. Severn taught the first lesson during the Studio Day. She provided an overview of her
lesson during the pre-brief, then taught her lesson, and then had a debrief of her lesson.

Pre-brief of Ms. Severn’s enactment. The group began the day with an overview of Ms.
Severn’s lesson. Ms. Severn explained that the lesson would be focused on a proportional
relationship, with each group solving with a specific representation. She explained: “So, I’1l
assign them to use an equation and a unit rate, a table, or a graph...Then we’ll have them look at
each other’s representations and compare how they solved the problem against each
representation.” This task considered how Ms. Severn brought the MLR into her own classroom
practice, within a specific mathematics task, illustrating a deeper level of understanding. Further,
Ms. Severn shared that the MLR was meant to get the students talking to each other about
mathematics, because the class was “really hesitant to talk at all.” Enacting the MLR as she did
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employed Ms. Severn’s flexibility, or her awareness of her students, particularly her multilingual
learners, as she worked to adapt to their needs, particularly getting them to talk about the
mathematics in her class.

Ms. Severn’s enactment of the gallery walk. Ms. Severn introduced the task and reminded
them of the work they had already done related to the content:

We’ve talked about tables this unit. We’ve talked about equations this unit. We’ve talked

about graphs this unit. Each of your table groups is going to get randomly assigned one of
those representations and then you’re only going to be able to solve the problem with that
representation.

She then told the students that “each group needs a poster.” Students then knew what was
required of them within the task but notifying students of the work they would be doing also
illustrated, as noted above, how she had made the MLR her own, highlighting her deeper level of
understanding of the MLR. The structure of the MLR as enacted went beyond the first author
suggesting, “You could do a gallery walk.”

Approximately 22 minutes into the class, Ms. Severn further explained the class’ work to
complete within the MLR, noting,

We’re doing to do what’s called a ‘gallery walk’....I’m going to give you this graphic

organizer here, and it says ‘ratio,” ‘table of values,” ‘graph,” and ‘equation.’...And you are

going to have four minutes to walk around the classroom and look at how other people

solved this problem and write in the box describing how groups solved the problem.

Ms. Severn, in providing students with a graphic organizer, attended to students’ linguistic
and mathematical needs during the Compare and Connect MLR, highlighting her flexibility. A
graphic organizer, such as this, provided a scaffold for multilingual learners, which allowed
access to the content for multilingual learners (Echevarria et al., 2006). Further, Ms. Severn
made the gallery walk her own, providing guidelines to students, moving from the broad strokes
provided in the pre-Studio Day to fine-tuned details needed for enactment with students,
exemplifying a deeper level of understanding. She further provided students with sentence
frames and direction for how to engage in their discussions in pairs, for example, “If you’re the
partner that’s sitting closer to the back wall...you are the partner that’s going to speak first.”
These language supports provided ways for multilingual learners to engage in the discussions
that she had wanted to support and had noted in the pre-brief, marking, again, her flexibility,
particularly related to her multilingual learners.

Discussion

We found that a teacher made sense of the MLR Compare and Connect during a Studio Day
Cycle in ways that demonstrated their adaptive expertise through the use of a gallery walk,
exhibiting both her deeper level of understanding and her flexibility (Yoon et al., 2019). Ms.
Severn was able to use this MLR to engage students in mathematical conversations around
proportional reasoning through the gallery walk and more specifically through her graphic
organizer—supporting students both mathematically and linguistically (Zwiers et al., 2017). Her
flexibility illuminated her attention to multilingual learners. Ms. Severn’s enactment of the MLR
Compare and Connect provides the field an image of a teacher’s adaptive expertise of this MLR.
Such an imagine helps us understand these MLRs and how teachers use and make sense of them
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in their instruction. Future research can then examine how students, particularly multilingual
learners, use and make sense of these MLRs in their learning.
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