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Enduring impacts of professional development: Three cases that illustrate evolving learning five years after participating in different PD projects
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Mathematics professional development (PD) has been prevalent, and scholars have been investigating interventions that target teacher knowledge, while also maintaining a focus on instructional practice and student learning. Findings have been mixed and we hypothesize that teacher learning takes time and that teachers learn more than studies report. Case study analysis allow for an in-depth investigation into what teachers take up and enact in their classroom context. The study that is the focus of this paper uses comparative case study analysis to examine three different and distinct professional development programs that are geographically situated across the US, focused on different mathematical content, and utilize different PD structures. This paper highlights three cases of enduring and evolving teacher practices resulting from their three respective PDs.

Introduction

There continues to be a widespread effort within the international research community to carefully consider how to support teachers' on-going professional development (c.f. [START_REF] Bautista | Teacher professional development: International perspectives and approaches[END_REF]. Mathematics professional development (PD) has been prevalent, and scholars have been investigating interventions that target teacher knowledge, while also maintaining a focus on instructional practice and student learning [START_REF] Jacobs | Professional development to support the learning and teaching of geometry: Examining the impact on teacher knowledge, instructional practice and student learning in two contexts[END_REF]. Funding opportunities typically target large quantitative proposals that study impact using pre post measures usually across one academic year and two at most. Findings have been mixed. Some studies have found incremental gains related to content and instructional practices (Koellner & Jacobs, 2015) and others have found no change at all [START_REF] Santagata | Learning to teach mathematics and to analyze teaching effectiveness: Evidence from a video-and practice-based approach[END_REF] We hypothesize that teacher learning takes time and that teachers learn more than these studies have reported. This study investigates the impact of three different National Science Foundation (NSF) funded PD projects and what teachers use in their mathematics classrooms today. More specifically the research question that this study addressed is: What do teachers take up and use from participation in mathematics PD four to five years after engagement in the workshops?

Theoretical Frameworks

Situative theorists define learning as changes in participation in socially organized activity [START_REF] Greeno | Cognition and Learning[END_REF]. They consider the acquisition and use of knowledge as aspects of an individual's participation in social practices. With respect to professional learning, situative theorists focus on the importance of creating opportunities for teachers to work together on improving their practice and locating these learning opportunities in the everyday practice of teaching. All three PDs were designed around this premise. For instance, all three PD studied in this paper used a collaborative approach and focused on relevant content that was currently being used in teachers' classrooms. In addition, artifacts of practice such as student work or video tapes of teachers' classrooms anchored conversations and connected the classroom to the PD. Lastly, resources were used that were aligned with curriculum and standards. A situative perspective suggests that groups of teachers who take part in different PD workshops using different materials, with different facilitators, and are situated within different educational contexts (e.g., different geographical locations within the United States) might have very different learning opportunities and experiences impacted by the role of context.

Overview of TaDD Project

The Taking a Deep Dive (TaDD) project is collecting qualitative data from three large U.S. National Science Foundation PD projects to use case studies and cross case analysis to further inform what teachers take up and use from participating in different PDs in different contexts and examine why some teachers appear to take up and use more than others. The TaDD study is unique and does not follow the typical impact methodology in that it utilizes a qualitative theoretically based case design. Additionally, as opposed to quantitative studies that typically examine impact one year after the intervention, this study examines impact of different PD models in classrooms four to five years after the intervention. This approach allows for a deep dive into the variations among models of PD and across teachers. As noted, the field has conducted numerous scale-up studies focused on the impact of PD on teacher and student learning with positive but not necessarily dramatic resultsthe TaDD project seeks to uncover what specifically teachers take up from professional learning opportunities and the factors associated with impact. TaDD utilizes a multi-case method [START_REF] Stake | Multiple case study analysis[END_REF] which centers on a common focus of what content, pedagogy and materials teachers take up from PD experiences.

Case study analysis allow for an in-depth investigation into what teachers take up and enact in their classroom context five years after participating in PD. The case study allows us to understand the different ways teachers interpret and take up aspects of content and pedagogy from a PD. It allows us to unpack teachers' thinking and their practice through interviews and videotapes respectively. Additionally, case study analysis allows us to consider the context in which teachers work, their philosophy of teaching and learning, and the ways they work with diverse learners in their classroom. The construct of variance between teachers and types of PD has the potential to shed light on the factors that are associated with uptake, and the similarities, differences and subtle nuances of teacher uptake and use. These factors have implications for PD design, PD selection and associated policy and would be an important contribution to the field of research on PD.

Using a specified sampling procedure, TaDD selected teachers from each of three PD projects to serve as case study teachers (n=19). This paper highlights three cases of enduring and evolving teacher practices resulting from their three respective PDs. In the next section, we briefly describe the three different PD projects.

Learning and Teaching Geometry (LTG)

The LTG project is an efficacy study of the learning and teaching geometry professional development materials: Examining impact and context-based adaptations, sought to improve teacher's own knowledge and instructional strategies in transformations-based geometry. This PD consists of 54 hours of highly specified video-based PD that is grounded in modules of dynamic transformationsbased geometry aligned with the Common Core State Standards in mathematics (CCSSM). Through video analysis and analysis of student work, teachers work together to solve problems and further their knowledge in mathematics teaching in the domain of geometry. The PD allows teachers to better support students in their attempt to gain a deeper understanding of transformations-based geometry through activities like rate of change on a graph, scaling activities, and similarity tools. The material strongly connects to other critical domains including similarity, proportional reasoning, slope, and linear functions.

Problem-Solving Cycle (PSC)

The PSC project developed two interconnected PD models--the Problem-Solving Cycle (PSC) and the Mathematics Leadership Preparation (MLP) models for preparing PD facilitators [START_REF] Borko | Mathematics professional development: Improving teaching using the problem-solving cycle and leadership preparation models[END_REF]. The PSC model consists of a series of interconnected workshops organized around a problem that can be solved using multiple representations and solutions and can be adapted for multiple grade levels. Each cycle focuses on a different math problem. During the first cycle, teachers collaboratively solve the focal math problem and develop plans for teaching it to their students. Teachers then teach the lesson in their classes and videotape the lessons. Subsequent workshops focus on participants' classroom experiences teaching the problem using videotapes and artifacts of practice to anchor their conversations.

Visual Access to Mathematics (VAM)

The VAM project aimed to build skills in mathematical problem solving and communication using visual representations. This PD consisted of face-to-face PD as well as online workshops where teachers implemented problems from the PD and shared their student work to discuss access for English Learner's (EL's) and all students. The project investigated the instructional strategies and supports that teachers of EL's need to provide access to mathematical learning while advancing academic language development. The approach was grounded in the use of visual representations, such as diagrams and geometric drawings, for mathematical problem-solving with integrated language support strategies. The intended goals of VAM were to help teachers properly select appropriate visual representations for the use of different rational number task types and communication tools to show and explain mathematical thinking.

Methodology Sampling, Data Collection and Analysis

During Spring 2021 pairs of project researchers conducted two one-hour semi-structured interviews using "think aloud" protocols with the 19 teachers individually (LTG 10; VAM 7; PSC 2). The participants selected two to three video clips that showed their routine daily teaching practices yet potentially could show instructional strategies and/or content from their respective PDs. The participants included time stamps and a justification for why they selected the clip prior to each interview. Pairs of researchers watched the entire video as well as the clips before interviewing participants and analyzed the lesson and the selected clips for instances where the participants could show evidence of instructional impact from the PD that they participated in-including content, resources, or instructional strategies. Then participants watched the clip with the pair of researchers on a video conference that was recorded and the participant discussed why they selected the clip and what it represented in terms of their learning related to their PD. With these data, field notes from the interviews and prior survey data, we created initial profiles for each teacher collaboratively in pairs. These profile documents initiated the development of our case studiesthree of which are presented here.

Results: Three Case Studies Tyra (LTG): Case of a Teacher's Evolving Learning

Tyra has taught math for eight years at two different high schools. She was warm, reflective and engaging throughout our semi structured interviews and enthusiastic about how much she learned from PD over the last five years. Interestingly, she team teaches with Diantha, another teacher with six years of teaching experience. Tyra and Diantha regularly talk about their own learning and reflect together especially when they attended the same PDs. Tyra has taught 9-12 graders throughout her career and typically teaches Algebra, Algebra II, Geometry. Tyra and Diantha teach in an urban high school in the northeastern part of the United States where more than half of the students receive free/reduced breakfast and lunch. Trya spoke highly about her administration and mentioned that her assistant principal serves as a mentor by providing feedback and suggesting PD opportunities that she believes will assist Tyra in her ongoing professional learning. There appears to be mutual respect between them.

Tyra participated in the LTG PD in the 2016-2017 school year and shared with us that she was "very committed" to the PD sessionsand that she always completed homework (which was voluntary). She recounted the transformations-based concepts that she learned and how she uses the content and resources from the PD in her classroom. This was also evidenced in the videotapes that she shared with us both when she was teaching with Diantha and without. Tyra explained that attending the LTG PD that was focused on geometry, and another PD offered through a university in her area that was focused on algebra, dramatically changed the way she teaches in the classroom. She explained that these two PDs that she had taken at the same time (five years ago) moved her from using "chalk and talk" (direct instruction) to using mathematical practices and collaborative learning techniques. Tyra indicated that "before the PD she would give the rule and then give students problems to apply the rule." She also shared that she did not originally think that these methods would "work for her kids" but once she started using them her students responded and seemed more engaged and learned more. In addition, she explained that she wants her students to know how to derive formulas through tools such as tracing paper, but had not thought about using tracing paper when learning geometry concepts. She explained that when students used tracing paper (when solving dilation problems) she said, "they are remembering a process rather than just a rule." She reflected that talking to her peers during the LTG PD influenced much content and pedagogy that she learned, as a result she started incorporating more time for students in her own class to talk to one another for more engagement and learning to take place.

When we spoke about the school climate, she stated that "her environment was great because she had professional freedom in her classroom and a collaborative math department." Diantha and Trya shared what they learned from LTG with the math department and the following year they made some significant changes to how they teach geometry. In addition, they incorporated a transformationsbased geometry unit to begin their Algebra II course. They saw the connections between the two and realized that understanding proportionality and similarity are keys to understanding the foundations of algebra.

Megan (VAM): Case of a veteran teacher's evolving learning

Megan is a veteran high school math teacher that lives and teaches in a northeastern town in the US. She has taught for 28 years and courses ranging from 6th grade math through Calculus. Megan teaches in a school where most of her students are English Learners (EL's) and more than half of the students receive free/reduced breakfast and lunch. Megan appeared to be a very committed teacher and she relayed her excitement about participating in the VAM PD to learn more about how she could reach her EL's. She told us some stories of her students and the difficulty she had teaching students that spoke a variety of languages in one class. She felt that she needed to learn strategies to support the different languages. Megan participated in the VAM PD in 2016-2017. She shared that she really liked the PD and that the philosophy aligned with her own thinking about teaching mathematics, "Some of the strategies I had already been using but the others were new and built on the directions of the district."

A highlight of the PD for Megan was "sharing instructional strategies and resources with teachers from other districts." She remembers learning how to "create visual representations to solve problems and apply language strategies to make sense of word problems." She selected a video clip to share with us that showed aspects of her learning from the VAM PD that she continues to use in her classroom today. In the video clip, she teaches remotely with a white board application using a double number line. The double number line represented two quantities from a word problem that the kids had to solve. She explained to us that she had never used or heard of a double number line before VAM. After we watched the clip, she emphasized how cool she thought the double number line was because it allowed her to show students the varying quantities on the number line and how the quantities translated to a coordinate plane visually. She attributed this to have a big impact on students' conceptual understanding. She also commented that she learned how to use color in representations to help students "see" the math and she believed the use of color had "visual impact." Megan continues to use representations for access that she learned in the VAM PD as well as other strategies that she has researched or developed to provide more access to her students. Megan shared a story about how she decided to use easels to support five students with Individualized Education Plans in her class that struggled with the amount of time they had to sit during remote instruction. In her school, some students came to class in person while others joined remotely through a video-based conferencing application. These boys were in the classroom with her during instruction. Megan decided to bring in easels and the students worked in pairs to work on the math problems. They only had one pen and they had to take turns using the pen, again strategies that address access and collaborative working relationships. At the end of the class, the students wanted to do another problem. She said that this ended up being "the best teaching day all year." She shared the "vertical workspace" strategy with the rest of the staff at her school and they have implemented this technique in their school -using easels, chart paper and white boards, which Megan believed helped the students collaborate and talk with one another. This is an example of how instructional strategies from PD can be modified and translated into best practices in schools. Noticing and listening, aspects important in the VAM PD, potentially provided Megan new perspectives on addressing student needs.

Linda PSC: Case of a teacher leader's continual learning with other leaders

Linda is a math and science teacher as well as a PD leader in her school and district located on the west coast of the US. She is a veteran that has taught in the district for many years. Linda served as a teacher leader, a person that was trained to lead the PSC PD with teachers in the math department at her school. Linda explained that her involvement in the PSC PD "has been a defining and productive exploration of herself as a math teacher." She said she appreciated being part of a professional community and she noticed growth in her math teaching. Linda found the PSC PD experience "productive and valuable", and she valued being around people passionate about teaching math and teaching in general. Linda believes that the involvement in the facilitator group helped her and the other participants to become better mathematics teachers and bring back instructional strategies to their math departments. She also said that this group supported the facilitators in becoming leaders and helping each other as colleagues.

Linda reported that participating in our TaDD project helped her reflect on what she learned six years ago when she participated in the PSC project. She compared it to other PDs focused on learning strategies and found it challenging to incorporate something new without practice and reinforcement. Linda found great value in participation because the PSC PD was ongoing, and she was involved in it for 2-years. She explained that extended involvement was important for her as well as developing as a teacher. She appreciated the opportunity to be part of a community and that revisiting her learning by "doing math, practicing math" was a more valuable experience than other PDs because she learned "good math teaching strategies" and gained more confidence as a math teacher.

Linda told us that one of her current goals is trying to use academic vocabulary with her students. She also mentioned that she is in support of "productive struggle" in math and trying to engage students and have them "do the work" for three reasons. She believed productive struggle helps to amplify student voice, respond with academic language, and allows students to answer informally.

Laura felt positively about the facilitators in the PSC PD-she appreciated how they set up the PD so that the participants could explore ideas together. She said it is hard to separate what she learned from how they facilitated the PD. When asked about her role as a facilitator of the PSC at her school, she admitted that it didn't go well, in fact "it was a disaster". She loved her own participation with the community of facilitators but struggled with how to productively facilitate the PSC with the teachers at her own school stating that they did not want to participate.

Discussion and Implications

Our current study aims to understand and capture long-term learning from a more nuanced perspective. Teachers have shared their own perceptions of learning that is more detailed and provides clarity about the evolution of their practice including new ideas from other PD opportunities that may or may not have aligned with the various PDs in our study (VAM, LTG, PSC). These other professional opportunities ranged from additional formal professional development workshops to professional conferences, to collaborations and conversations with colleagues, as well as advice from key constituents, such as a principal. In the US and in other countries as well, professional learning is required in most contracts, but teachers also participate because they are motivated to learn formally and enjoy debriefing with colleagues either formally or informally. We believe these additional learning opportunities do not shade the results of our study but rather illustrate the actual ways teachers learn. Even though as stated above, our goal is to understand how teachers use the content, pedagogy, and resources from PDs in our study, we believe it is necessary to consider these additional learning situations and how they may have also contributed to the learning of a teacher not only because it is the reality of their job but also in order to be transparent in our research.

The three case studies illustrate continued learning at least five years post PD experience. The full case studies illustrate much more complex and nuanced variance among cases but the shortened versions in this paper show the ways in which three different teachers' learning has evolved over time. They all have shifted practices and are trying new teaching strategies, noticing and listening to students in new ways, and recognizing the importance of PD and reflecting on their everyday teaching practice.

All three case study teachers are motivated to learn and had a purpose for attending and learning from their respective PDs. Tyra was motivated by the geometry content and resources for teaching transformations-based similarity. Megan was motivated by a need to learn more strategies for supporting her English learner students. Linda was motivated by an interest in becoming a teacher leader and participating in a learning community of facilitators from others outside of her school. Yet they were each different as well. Tyra was interested in learning content and better ways to reach more students. Megan needed new resources and strategies to serve her students while Linda wanted a new challenge as a teacher leader. Each of our 19 teachers are on their own journey and we are continuing to investigate the trajectories of change which vary across participants yet have the potential to provide and contribute understandings of variance across different teachers and different types of PD. We anticipate a cross case analysis will help us disentangle similarities and differences within and across the three PDs and contribute a more in depth understanding into what teachers take up and enact in their classroom context.
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