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Abstract

:

There is growing enthusiasm for STEAM education in preparing students for an increasingly complex world. However, implementing STEAM in the classroom can be challenging for educators, as it may require collaboration across disciplines, increased workload, and understanding the nature of STEAM integration. This paper details a mixed-methods evaluation of a year-long STEAM teacher training program, in which a STEM teacher and an arts teacher collaborated to design and implement integrated STEAM lessons at each of the nine participating schools (n = 17). The training program consisted of a 5-week summer professional development experience, followed by ongoing financial, material, and pedagogical support during the school year, made possible by the partnership of the schools, a university, and community organizations. Findings from surveys, focus groups, and written reflections suggest that, despite certain challenges, aspects of the training program supported teacher implementation of STEAM. Participation in the program impacted teachers’ collaboration, pedagogy, self-efficacy, and arts integration practices. The findings offer insight into the forms of support that teachers deem important in STEAM teacher training programs and the benefits of such a program for teachers’ professional development.
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1. Introduction


In a modern, increasingly complex world, America’s teachers are tasked with producing students who are able to solve increasingly complex problems. In recent years, Science, Technology, Engineering, Arts, and Math (STEAM), a melding of the now-familiar acronym “STEM” with integration of the arts, has emerged as a potentially useful tool in this challenge [1]. However, STEAM is often poorly defined with varying levels of implementation [2,3]. Furthermore, STEAM can be difficult to implement, with teachers reporting challenges with, among other things, collaboration across disciplines, increased workload, and understanding STEAM integration [4,5,6,7,8].



The GoSTEAM@Tech teacher training program is a partnership between the Georgia Institute of Technology (“Georgia Tech”), preK-12 schools in the metro-Atlanta area, and arts-focused community organizations. The program was conceived of as a way to better define the field of STEAM and mitigate the challenges of implementing STEAM by working with teachers and creative community members to develop, pilot, and evaluate well-defined and disseminatable STEAM-focused lessons and activities. The partnership is led by Georgia Tech’s Center for Education Integrating Science, Mathematics, and Computing (CEISMC) and specifically focuses on integrating, in authentic and compelling ways, the technical fields of Computer Science, Engineering, and Invention and Entrepreneurship with the arts, including Visual Arts, Media Arts, Dramatic Arts/Theatre, Dance and Music.



The unit of operation in GoSTEAM@Tech is the school-based STEAM Innovation Team. Each STEAM Innovation Team consists of at least two teachers—with at least one from a STEM field and one from an arts field—partnered with a creative innovator-in-residence (“innovator”), and an academic coach from CEISMC. Innovators are members of the community, often associated with the Makers movement or educational programs like Georgia Tech’s Music Technology program or local Design schools, who are employed for 20 h per week in residence at the school. The CEISMC coaches are experienced educators who have worked with teachers in professional development (PD) settings and who have substantial experience in developing STEAM curriculum. While participating in the GoSTEAM@Tech program, teachers attended a five-week summer PD experience and received ongoing financial, material, and pedagogical support throughout the school year.



1.1. GoSTEAM@Tech Evaluation


During its pilot year, the GoSTEAM@Tech program was implemented with 17 teachers across nine schools. A mixed-methods evaluation was conducted to assess program functioning and potential outcomes of participation, with Developmental Evaluation and Utilization-Focused Evaluation serving as the guiding frameworks for the evaluation. Developmental Evaluation, with its emphasis on adapting to context and supporting “program, project, product, personnel and/or organizational development” complements the flexible nature of the program’s interventions, which are designed to accommodate the unique needs and strengths of each participating school (e.g., existing resources and capacity) [9] (p. 317). The Utilization-Focused Evaluation framework was used as a complementary framework, because it centers evaluation on “intended use by intended users” and therefore lends itself to “situational responsiveness” [10] (p. 37). This situational responsiveness increases the likelihood that evaluation will be meaningful to those in a specific context (in our case, GoSTEAM@Tech program leadership), and therefore more likely to be utilized. Given the context-specific approach of the GoSTEAM@Tech program intervention, as well as the novelty of STEAM education and interventions, the Developmental Evaluation and Utilization-Focused Evaluation frameworks allow for flexibility in evaluation as program theory evolves.



The current program theory is illustrated in the logic model below, which outlines the resources that supported program activities, and the proposed outputs and outcomes of participation in the GoSTEAM@Tech program (Figure 1). Though the evaluation focuses on collecting both formative and summative data to show the influence of the program on teachers and students, the purpose of this paper is to describe the experience of participating teachers during the pilot year. Specifically, we explore elements of the training program that teachers deem important, the influence of participation on teachers’ perceptions and pedagogical practices, challenges faced by participating teachers, and how professional learning programs can be designed to mitigate these challenges.




1.2. Literature Review


In recent years, there has been an uptick in STEAM publications, demonstrating a growing interest in STEAM education from researchers and practitioners alike [11]. The increasing interest in STEAM education has been met with calls for a “coherent base of scholarship” [3] (p. 73). to define STEAM and recommendations for scholars to clarify their own definitions of STEAM [2,3]. Thus, we briefly summarize some existing conceptualizations of STEAM, which we used to formalize our own working definition. Then, we present literature on the challenges of implementing STEAM initiatives and documented outcomes of existing STEAM PD programs.



1.2.1. STEAM: An Emerging Field


Promising studies of STEAM curricula and activities implemented in K-12 settings have demonstrated increases in students’ STEM content knowledge, an intent to continuing studying or participating in STEAM, more positive attitudes towards STEAM, and improved gender dynamics in the classroom [12,13,14,15,16]. Similar outcomes have been documented for students participating in STEAM initiatives in summer camps, museums, and after-school settings [11,17,18,19]. STEAM is being used across the globe in an effort to improve student outcomes in STEAM disciplines [20].



There are shared characteristics that link these STEAM initiatives together, such as the integration of multiple disciplines, focus on real-world problems, collaboration, student-directed work, project-based instruction, or problem-based inquiry learning (PBIL). However, perspectives on how to conceptualize STEAM vary, with differing perspectives on the purpose, nature of discipline integration, and the role of the arts in STEAM [20,21,22]. For example, studies of STEAM around the globe have found that some view STEAM as a mechanism for advancing learning, interest, or engagement in STEM disciplines, while others use STEAM to focus on enhancing the arts [20,21,22]. This is further complicated by many definitions of the “A” in STEAM, which can serve as a proxy for 21st century skills, such as creativity and problem-solving, or for teaching strategies commonly associated with STEAM, such as problem- or project-based learning, technology-based learning, or Making [21,22]. The muddied role of the arts in STEAM has caused some to advocate for art educators play a prominent role in STEAM initiatives to preserve the dignity of arts disciplines and STEM disciplines and prevent the arts from playing a “subservient” role in the name of STEM education [23] (p. 5) [3,19,22,24]. Some authors go beyond a focus on the interplay of individual STEAM disciplines, conceptualizing STEAM as a transdisciplinary instructional approach drawing on discipline integration, characteristics of the classroom environment, and problem-solving skills [25].




1.2.2. Challenges of STEAM


Just as scholars struggle to operationalize STEAM, practitioners face challenges interpreting and enacting STEAM in their classrooms. This can result in an over-simplified understanding of STEAM, with teachers interpreting STEAM as a series of activities and tasks rather than a holistic approach to learning [7]. Even after participating in a semester-long course on STEAM integration, teachers in one study reported concern about their lack of experience with STEAM and continued confusion about integrating particular disciplines within STEAM [4]. The inclusion of multiple disciplines in STEAM education presents challenges for teachers collaborating across disciplines [6]. Common planning time can ease these challenges, but teachers report difficulties arranging time to plan collaboratively, and even to plan independently, with some citing concerns about an increased workload [5,7,8]. Additionally, students are often encouraged to collaborate on STEAM projects, which can be a challenge for teachers to facilitate [6]. STEAM typically incorporates instructional practices, such as problem, project-, or inquiry-based learning, that can be challenging for teachers to implement, as they require teachers to move away from direct instruction and towards a facilitator role supporting student-led exploration [26,27]. Teachers have also expressed concerns about including appropriate standards in STEAM projects, ensuring students meet those standards, and pacing lessons and activities appropriately [7,8,28]. Multiple studies have found that teachers face challenges determining authentic assessment strategies for students, given the frequent use of collaboration among students, the iterative nature of STEAM projects, and the inclusion of multiple disciplines, some of which may be outside the scope of the teachers’ usual subjects [6,8,28,29].




1.2.3. STEAM Professional Development


STEAM PD experiences can grow teachers’ interest in implementing STEAM in their classrooms and their enjoyment teaching STEAM lessons [30,31]. More importantly, studies of STEAM PD opportunities have identified positive pedagogical benefits for participants, such as increased confidence planning and implementing STEAM lessons, integration of technology in instructional approaches, the use of authentic assessment, and connecting with resources and experts outside the school building to support STEAM instruction [6,30,32]. A recent study of intensive STEAM interventions in teacher populations suggests that STEAM can have positive effects on the classroom environment and teachers’ pedagogical discontentment when teachers have ample, ongoing support [33]. Pedagogical discontentment is a disconnect between a teacher’s goals for their own pedagogy and their actual classroom practices. In the context of STEAM, the authors suggest that teachers without the content knowledge or pedagogical skills associated with STEAM teaching can experience pedagogical discontentment as they work to implement STEAM. After 80 h of PD and a year of partnership with STEAM coaches, participating K-12 teachers demonstrated significant decreases in pedagogical discontentment, as well as positive changes to classroom environments to be more supportive of STEAM instruction [33]. These findings highlight the benefits of participating in STEAM training, as well as the importance of continuous support for teachers as they work to integrate STEAM into their classrooms.



In this article, we respond to the calls to clearly define STEAM within our context by offering our own working definition, as well as highlighting teachers’ perspectives on the nature of arts integration within their STEAM projects. In doing this, we recognize the validity of a range of conceptualizations of STEAM, their unique purposes, and the important role of teachers in defining the STEAM approach that works best in their classroom. In addition, this article contributes to the literature on STEAM PD. The STEAM teacher training described here addresses a number of challenges reported in the literature, such as collaboration across disciplines and the need for ongoing support as teachers take STEAM lessons back to their classrooms. Outcomes of participating in the teacher training experience are shared, in addition to the challenges that teachers experience while designing and implementing STEAM lessons, as well as the support mechanisms that mitigate these challenges.





1.3. Program Context


The GoSTEAM@Tech program provides both training and support to teachers through the following mechanisms: (1) a five-week summer PD and (2) ongoing, year-long, systemic support embedded in the context of their respective schools. These components have shared goals of providing teachers with pedagogical content knowledge in STEAM education and supporting the design and implementation of STEAM lesson plans. The summer PD provides a broad focus on STEAM in the classroom while building enthusiasm and collaboration. The year-long support is more targeted and school-specific, with an emphasis on lesson implementation.



1.3.1. Summer Professional Development


During the pilot year of the GoSTEAM@Tech teacher training program, the summer PD included one week of online self-paced learning followed by four weeks of face-to-face learning. The PD goals were for teachers to learn the foundation of STEAM pedagogy, increase their cross-disciplinary content knowledge, develop interdisciplinary instructional materials, and plan for school year implementation of a STEAM Action Plan. The PD was a mixture of whole group instruction, school district-specific meetings, and school team collaborations.



A total of 17 teachers from nine schools across three school districts participated in the 2019 summer PD experience. Seven of the nine innovators were able to join the teacher PD to learn about STEAM and to work closely with the teachers as they planned STEAM activities and lessons. Both teachers and innovators started the PD by completing a 10-h Project-Based Inquiry Learning (PBIL) course online. This asynchronous course included introductory readings and discussion about PBIL and best practices in the STEAM classroom. GoSTEAM@Tech staff provided online support for the inquiry course. An important function of this course was to provide participants with shared language and pedagogies as they learned content outside of their disciplinary focus. Using project-based learning to engage teachers across disciplines, they applied authentic scenarios to cross disciplinary boundaries and create new knowledge [34]. The course also allowed teachers to introduce themselves to their fellow cohort members.



The first week of the face-to-face PD session introduced teachers to the GoSTEAM@Tech program and built their STEAM literacy skills. Significant time was spent on team building, as this was the first opportunity for teachers, innovators, and coaches to collaborate in person. In the following weeks, teachers and innovators engaged in authentic STEAM hands-on activities (i.e., puppetry, paper mechatronics, coding), and heard from Georgia Tech faculty and other invited speakers about cutting-edge STEAM research, assessment practices, and culturally authentic teaching practices. They also toured campus facilities and visited local community arts organizations to see examples of authentic STEAM environments and build connections with community resources that could support their STEAM PBIL lessons.



During the PD, we provided teachers with a working definition of STEAM to guide their exploration of STEAM education. As previously described, there is no single, cohesive definition of STEAM, nor is there an established set of best practices articulated in the literature [2,3]. Therefore, we instead looked for “high-quality lessons learned” [35] (p. 334) within the STEAM literature when defining STEAM within the context of the GoSTEAM@Tech program. In addition, we drew on existing models of integration, including Bresler’s model of arts integration [23] and the National Research Council’s STEM integration framework [36]. Through this, we developed a working definition of high-quality STEAM instruction, which involves utilizing student-centered instructional pedagogies, including PBIL, group learning, and real-world application, to increase cross-disciplinary content knowledge through learning goals for students in both STEM and arts disciplines. This definition allowed us to establish a shared understanding of high-quality STEAM among teachers. However, we recognize the complexity and challenges of STEAM implementation. Thus, we envision STEAM as a continuum, moving from low to high levels of integration, collaborative practices, and complexity of STEAM projects. The goal of our teacher training was to help teachers move along this continuum towards high-quality STEAM by providing targeted PD and ongoing support as teachers designed and implemented STEAM lessons in their classrooms.



At the end of the summer PD, teachers submitted a STEAM Action Plan, which was a formal document that outlined a lesson or unit project that collaborating teachers planned to implement in their classrooms the following year. It included documentation of student-centered pedagogies, standards from STEM and the arts, and the nature and scope of STEAM integration. Teachers started working on their Action Plan during the first week of PD and were encouraged to use pedagogies and activities modeled throughout the PD to inspire their Action Plan development. Coaches also provided teams with resources and guidance as they worked collaboratively to design their STEAM Action Plan. An important part of the Action Plan development process was to evaluate each team’s current school and classroom contexts. Teachers conducted a SWOT (Strengths, Weaknesses, Opportunities, and Threats) analysis of their school and community, toured their schools with coaches and innovators, and connected with community resources. Understanding school scheduling, pacing, access to technology, and student demographics allowed the teachers to design with intention, giving them greater success in plan implementation [6]. Each STEAM Innovation Team (teachers, innovators, and coaches) presented their Action Plans at a PD showcase on the final day of the program, receiving feedback from other teachers and celebrating their work during the PD.




1.3.2. Ongoing Support


Embedded school-year support, as modeled by Thompson and colleagues, continued to facilitate the learning from the summer PD experience [33]. Each GoSTEAM@Tech coach worked with three schools to continue to develop STEAM literacy and support teachers as they implemented their Action Plans. They met bi-weekly with each school to discuss the design and implementation of the Action Plan and other school STEAM initiatives. Coaches served as pedagogical and content experts for each GoSTEAM@Tech pathway (Computer Science, Engineering, and Invention and Entrepreneurship), and thus were able to model lessons for teachers or provide instructional feedback after class observations. They also served as mentors providing emotional support and encouragement to the teachers as they navigated challenges in their school environment. As part of the GoSTEAM@Tech model, teachers also received support from innovators, who spent 20 h a week supporting teachers with planning and implementation. Innovators had access to Georgia Tech resources and to the expertise of other innovators as they developed strategies and ideas to support their teachers. Program staff provided financial support and materials for teachers to implement STEAM projects in their classrooms. Staff also conducted classroom visits (both face-to-face and virtual) to provide feedback to teachers on their projects and engage students with Georgia Tech and GoSTEAM@Tech initiatives. To cultivate a culture of ongoing collaboration, the program staff also sent out a weekly newsletter with resources and PD opportunities provided by local and national STEM/STEAM organizations. In addition to financial support for material resources, GoSTEAM@Tech provides funding for teachers to attend PD and STEAM-related professional conferences. For example, during the 2019–2020 school year, GoSTEAM@Tech teachers received program funds to attend workshops hosted by the Computer Science Teacher Association, the Alliance Theatre (local arts organization), and Georgia Science Teachers Association. These opportunities provided personalized and relevant PD to meet teachers’ needs as they developed and implemented STEAM lessons. Additional support was also made available to schools through the GoSTEAM@Tech Advisory Council. This group is currently composed of 25 arts and education leaders from Georgia Tech and the broader community. GoSTEAM@Tech staff facilitated interactions between teachers and Advisory Council members, enabling teachers to access this group for field trips and guest speaker opportunities.






2. Materials and Methods


This evaluation of the GoSTEAM@Tech program was designed to capture information on the experiences of teachers participating in STEAM PD, as well as outcomes of participation. Accordingly, a descriptive case study using a mixed-methods triangulation design was utilized to combine the collection and analysis of quantitative surveys and qualitative focus groups/interviews and open-ended survey questions [37,38]. This approach allowed for the inclusion of multiple stakeholder perspectives on the program and its outcomes in the pilot year. Data collection was ongoing, beginning before teachers participated in the summer component of the PD experience and continuing through the end of the following school year. This enabled us to assess changes in teachers’ perceptions and practices related to STEAM education. The evaluation was guided by the following questions:




	
What do teachers consider to be the important elements of a STEAM teacher training experience designed to support the creation and implementation of STEAM PBIL lessons?



	
How does participating in a STEAM training experience influence teachers’ perceptions and practices related to collaboration, pedagogy, self-efficacy, and arts integration?



	
What are the challenges of implementing STEAM PBIL activities in the classroom?



	
How can a STEAM training program be designed to include support mechanisms that mitigate these challenges?








2.1. Participants


During its first and pilot year, 17 teachers participated in the GoSTEAM@Tech program. Teachers taught students at the elementary-school (n = 8), middle-school (n = 5), and high-school (n = 4) levels. One STEM-discipline teacher and one arts-discipline teacher participated at each school (with the exception of one school, which did not have a participating arts-discipline teacher). At the middle- and high-school levels, participating teachers taught a range of specialties, including theater, science, chorus, computer science, and engineering, for example. Among participating elementary-school teachers, some were specialists (e.g., STEM teacher, visual arts teacher), while others were generalists, providing instruction in multiple “core” subjects (i.e., social studies, language arts, math, and science). When a teacher pair included a general education teacher, the generalist teacher contributed their knowledge of STEM standards at the relevant grade level. Additionally, three participants were instructional coaches rather than classroom teachers. These participants collaborated with classroom teachers at their schools to implement integrated STEAM lessons with students. For simplicity, all 17 participants are hereafter referred to as “teachers.” Participants were both novice and veteran teachers, with between two years and two decades of teaching experience, averaging nine years of experience. On average, teachers had taught at their current school for four years, though some had taught at their current school for up to 15 years.




2.2. Measures


Online surveys were administered to teachers at four time points during the pilot year of the GoSTEAM@Tech program. A Background Survey was administered in the Spring semester prior to the summer PD to capture formative baseline data on teachers’ teaching practices and the conditions at their schools. A pre- and post-survey were administered on the first and last day of the summer PD experience to assess teachers’ social networks and teaching self-efficacy (before PD) and their satisfaction with the experience and ongoing support needs (after PD). At the end of the school year, a final post-survey captured teachers’ social networks, teaching practices, conditions at school, arts integration practices, experience in the program, and teaching self-efficacy. The surveys also included items to capture formative data. Due to the COVID-19 pandemic, all interviews and focus groups were conducted online at the end of the school year.



The teacher surveys were created using items from an existing validated measure of teaching self-efficacy (Cronbach’s alpha = 0.94) [39]. The scale contained 24-items, which teachers responded to using a nine-point scale, ranging from “nothing” (1) to “a great deal” (9). The development of teacher networks through various forms of collaboration was investigated using social network questions. On the PD pre-survey, participants were given a list of other GoSTEAM@Tech teachers and asked to select the individuals with whom they had collaborated with during the past year, adding additional names of teachers, school personnel, or administrators as necessary. Next, for each person with whom they collaborated, participants selected the level of collaboration according to the following: Informal Information Exchange (briefly communicating ideas or stories about teaching in an informal way (e.g., hallway conversation or brief email)); Giving or Receiving Advice or Help (giving/asking for advice or help about teaching); Sharing Resources (sharing materials, methods, or ideas related to teaching (e.g., lesson plans)); Joint Work (working together to design or deliver instruction (e.g., co- teaching, planning a unit together) or working together to develop a solution to a problem related to teaching). Teachers completed the same exercise on the end-of-year post-survey. The number of collaborators, as well as the level of collaboration, were compared to assess potential changes in number of collaborators and manner of collaboration after one year of participation in the GoSTEAM@Tech program. Items assessing teachers’ perceptions of arts integration were developed by the authors based on the existing arts integration and STEAM literature. In addition, survey items were developed by the authors to collect formative data on teachers’ satisfaction with program elements, perceptions of support received from the program, and perceived impacts of program participation on their PBIL instructional practices.



Teacher focus group/interview protocols were designed to explore teachers’ perceptions of the training they received, resulting pedagogical changes, and general experience with the STEAM training program. Focus groups/interviews were conducted during Spring of 2020 (January–May). Teachers from the same school were interviewed together, with the exception of one school where only one teacher participated in the GoSTEAM@Tech program and thus was interviewed alone.




2.3. Ethics Approval


The materials and methods utilized in this evaluation were approved by the University’s Institutional Review Board (IRB), as well as the district-level IRB for each of the three participating schools. All participants provided voluntary informed consent. GoSTEAM@Tech evaluators and staff completed the Collaborative Institutional Training Initiative (CITI) certification, ensuring that everyone involved in the evaluation was familiar with principles and practices of ethical research.




2.4. Data Analysis


As this study used a mixed-methods design, a range of descriptive statistics were used to understand trends in quantitative data. Where sample sizes allowed, inferential statistics were used to analyze quantitative data. Qualitative data were analyzed using an iterative content thematic approach to examine meaning and patterns within the data [40]. Codes were assigned to portions of data and later organized into categories with the outcome of the process leading to a series of refined themes [41]. Social network analysis (SNA) was used to map network diagrams depicting changes in teacher collaboration networks, visualizing of the various forms of collaboration taking place throughout the study [42]. SNA is a method used to detect and interpret patterns of social ties among network actors such as teachers. While traditional social science methodologies assess outcomes based on variables associated with actors themselves, network theory is unique in that it examines the relationships between actors [42]. Network diagrams indicating the number of collaborators and the level of collaboration were compared to assess potential changes in the number of collaborators and manner of collaboration after one year of participation in the GoSTEAM@Tech program.





3. Results


3.1. Teacher Perspectives on Important Elements of STEAM Teacher Training Program


The GoSTEAM@Tech program was designed to provide professional learning experiences as well as year-long material and pedagogical support. The summer PD provided the foundation of pedagogical support for teachers participating in the program. During the PD, teachers had the opportunity to hear a variety of speakers, tour campus facilities, and gain hands-on experience with software, tools, and equipment for potential classroom use. Workshops on culturally relevant pedagogy and social justice in STEAM, PBIL, and training on STEAM technologies and resources (e.g., the music coding program EarSketch) received high satisfaction ratings from teachers immediately following the summer PD, with at least 90% of participants reporting that they were satisfied or very satisfied with these workshops. In addition, teachers often described these same workshops as helpful in end-of-year focus groups. Teachers also reported in focus groups that they appreciated the structure and format of the PD, which was described as a series of “master classes” and a “hands-on interactive experience.” The hands-on aspect of the summer training allowed participants to develop their knowledge of STEAM pedagogy as learners and teachers, experiencing the activities similarly to how their students would experience them, with one teacher stating, “the more we can create, the better we’re going to be, because we’ll understand what the kids have to do.” Teachers were given dedicated planning time to work with other members of their STEAM Innovation Teams to develop their Action Plans during the PD. Teachers reported that this collaboration helped them build relationships and develop plans that contributed to their success throughout the school year. Coaches and innovators were especially important for planning, as they provided ideas and feedback on teachers’ initial STEAM Action Plans over the summer.



Following the summer PD, teachers received ongoing support as a part of their participation in the GoSTEAM@Tech training program, including funding for STEAM resources and materials, their coach, and their innovator. Funding for STEAM materials and fieldtrips supplemented teachers’ Action Plans by providing unique exploration opportunities for students, opportunities which students otherwise might not have had because of their school’s limited resources. Coaches and innovators remained active members of the STEAM Innovation Teams during the school year. At the end of the school year, teachers indicated high satisfaction on a 5-point scale with the support they received from their coach (M = 4.75, SD = 0.58) and their innovator (M = 4.47, SD = 0.74). On the end-of-year post-survey, teachers reported that both coaches and innovators provided feedback and ideas on STEAM lessons, but that the type of feedback and ideas differed, with coaches offering pedagogical support and content expertise, while innovators contributed ideas that were considered valuable for being “outside of the box,” “creative,” or from a perspective outside of the field of education. Additionally, teachers described different, but complimentary, forms of support provided by their coaches and innovators. Coaches provided broad, holistic support for teachers, answering questions, offering advice on Action Plans, helping connect teachers to resources at other schools or the university, and communicating with school administrators to advocate for teachers. Innovators, on the other hand, offered targeted classroom support to both teachers and students. They collaborated with teachers to provide curricular and instructional support and enhance classroom learning through the creation of standards-based content. Innovators worked directly with students to support Action Plan implementation by teaching new technologies and providing feedback to students, drawing on knowledge and technical expertise from their respective fields.




3.2. Influence of STEAM Teacher Training Program on Teachers


3.2.1. Arts Integration


We explored teachers’ perspectives on the nature of arts integration reflected in their Action Plans according to the GoSTEAM@Tech Integration Continuum developed by the authors (Figure 2). The majority of teachers reported equal integration of STEM and arts in their instructional practices, learning goals, mastery expectations, and assessment practices. Lower levels of integration were reported for teaching practices, with a majority of teachers reporting that they only taught content from their respective discipline, but made explicit connections to other disciplines. Additionally, some teachers reported that they were able to regularly co-teach or push into each other’s GoSTEAM@Tech classes.



In focus groups, teachers also reflected on arts integration as part of their Action Plans, which, in some cases, corresponded to the levels of integration reflected in the GoSTEAM@Tech Integration Continuum. For example, in multiple focus groups teachers described high levels of integration through the inclusion of content standards from both STEM and arts disciplines, illustrated in the following quote:


However, being able to focus with [teacher name] on just the fourth grade and them saying, oh, okay, right now we’re doing force and motion. I was like, “Oh, okay, cool. Simple machines.” That was the other thing that we were doing. All right, this works into that standard. It works into my standard with the patterns, lines, shapes, colors.







Both quantitative and qualitative data suggest that teachers increased the frequency with which they integrated content across two or more disciplines. After one year of participation in the GoSTEAM@Tech program, more than half of the participants (53%) reported that they “always” do this, compared to only 21% of participants on the before participating. Furthermore, after one year of participation, all teachers reported that they utilize STEAM integration in their classroom instruction at least “sometimes.” This finding also emerged through the qualitative data, which suggest that teachers’ overall understanding of STEAM integration changed while participating in GoSTEAM@Tech. For instance, one teacher reported on the end-of-year post-survey that “my understanding has changed because now I know STEAM is not something else we do in education, it’s the lens through which we teach. It’s authentic and reveling to the world around us.” In a focus group, a teacher provided a definition of STEAM that addressed a common misconception and reflected the teacher’s expanded definition of STEAM:


The arts in STEAM is not just visual art. I think that a lot of teachers think that, “Oh, it’s art.” It’s not just visual art. You can put a dance in there. You can put theater in there. You can put music in there. You can put photographer in there. There’s so many different arts.








3.2.2. Self-Efficacy


Teaching self-efficacy was assessed through pre-post survey design, with teachers rating their general teaching self-efficacy on a nine-point scale. Generally, teaching self-efficacy was maintained throughout the first year of participation in the GoSTEAM@Tech program. There was a statistically significant difference in pre-post means for only one item assessing teaching self-efficacy. Before participating in GoSTEAM@Tech, teachers reported that, on average, they had “some influence” to “quite a bit of influence” assisting families in helping their children do well in school (M = 6.53, SD = 2.00). After one year of participation in the program, teachers’ self-efficacy increased such that they reported they had “quite a bit of influence,” on average (M = 7.80, SD = 1.37), t(14) = 3.02, p < 0.01, d = 0.74, 95% CI [0.37, 2.17]. The moderate to large effect size for this difference suggests that this increase is meaningful in practice. End-of-year post-survey results also indicated that teachers’ self-efficacy specifically related to STEAM education increased after one year of participation in GoSTEAM@Tech. Teachers indicated on a 5-point agreement scale that, after participating in one year of the program, they agreed that they have a better understanding of how to implement a STEAM lesson (M = 4.63, SD = 0.62) and how to assess a STEAM lesson (M = 4.38, SD = 0.72).




3.2.3. Pedagogical Changes


All teachers rated the impact of GoSTEAM@Tech on their professional development as either positive (25%) or very positive (75%) on the end-of-year post-survey. In open-ended items, teachers elaborated on how their participation impacted their perceptions or practices related to specific elements of PBIL instruction, including classroom organization, lesson presentation, and curriculum. Eight teachers described changes to classroom organization as a result of participating in GoSTEAM@Tech. Half of these respondents discussed how their perception changed due to a better understanding of PBIL. For instance, one teacher mentioned, “I have learned to step back and access the entirety of the PBL assignment. I had to adjust my classroom setup to provide a physical space for learning to occur and transform.”



Teachers also indicated changes to their lesson presentation and preparation, attributing their ability to successfully plan and experiment with PBIL lessons to the support and resources provided by the GoSTEAM@Tech program, including the summer PD. Many of the participants stated that they now incorporate multiple methods for presenting content to students in an effort to be “flexible”, “engaging”, and “creative”. Teachers also mentioned the student-led nature of their lessons, describing how this approach “allowed an opportunity for students to uncover answers for themselves rather than just memorizing for a test” and how “students can be actively involved in their own learning process and can take ownership of their own learning”. After implementing STEAM PBIL lessons, one teacher stated that they were inspired to revisit past lesson plans to determine if they can be taught with a STEAM-based approach. These responses suggest that seeing the positive impact of STEAM PBIL lessons on students was the catalyst for pedagogical changes for some teachers. Some teachers further noted that their school’s partnership with GoSTEAM@Tech, impacted their school more broadly, encouraging their administration to support a PBIL approach.



With regard to curriculum, some respondents commented on how they have begun to emphasize the integration of multiple course curricula, with one participant stating, “I learned that our curriculum can be incorporated in projects that can allow students to learn multiple objectives at one time”. Some teachers described being able to create more targeted or in-depth curriculum as a result. Two teachers considered a more flexible curriculum structure as valuable to students’ learning with one stating, “now I perceive that having a ‘freeform’ curriculum isn’t all that bad. It allowed for me to access my students while also access myself. My lessons became more adaptive to my student’s academic needs”.




3.2.4. Collaboration


Using SNA methodology, we also explored changes in the number of collaborators and type of collaboration among teachers after one year of participation in the GoSTEAM@Tech program. The social network maps below depict the collaboration of teachers before and after participating in the first year of the program, with each numbered dot representing participants or school personnel identified as collaborators by participants (Figure 3). Before the program, the most common form of collaboration among these individuals was sharing resources and informal information exchange. After participating in GoSTEAM@Tech, the instances of reported collaboration increased slightly, as did the number of individuals within the network. This suggests that collaboration increased among teachers within the program and among GoSTEAM@Tech teachers and other personnel at their schools. Additionally, participants reported substantially more collaboration through joint work after a year in the program. The reported instances of collaboration through giving or receiving advice or help increased as well.



In addition to exploring collaboration through social network questions, we asked teachers to rate the frequency of their STEAM-related collaboration before and after participating in their first year of the program. Before participating in GoSTEAM@Tech, about a quarter of participants reported that they never collaborated to develop interdisciplinary STEAM lessons (28%) or collaborated to integrate STEAM topics and academic or discipline-specific topics (21%). After one year in the GoSTEAM@Tech program, all teachers reported collaborating with other teachers at their schools in these ways at least “sometimes”. This suggests that, though some teachers were already engaging in STEAM-related collaboration before the program, all teachers were doing this after one year in the program. In open-ended post-survey items, teachers also described the nature of their STEAM-related collaboration. As one teacher indicated, “my team co-taught. We presented lessons together, and bounced ideas off of each other constantly”. Another teacher stated, “I was impacted by working with a colleague to jointly access a group of students within a similar academic area. I have learned to collaboratively plan.” Overall, the results showed that because of the program structure, and the integration components, teachers found opportunities to collaborate more and exchange resources.





3.3. Challenges Implementing STEAM


3.3.1. School-Level Challenges


Teachers participating in the GoSTEAM@Tech program discussed challenges similar to those described in the STEAM literature, including challenges at the school, teacher, and student level. The school-level challenges described by teachers reflect the importance of support from school administration when implementing STEAM PBIL initiatives. Teachers indicated challenges implementing their Action Plans when they did not have common planning time to work across disciplines with the other GoSTEAM@Tech teacher at their school, replicating previous studies that have documented this challenge within STEAM education [6,8,28]. In a focus group, one teacher summarized how the lack of common planning time affected the implementation of Action Plans:


We had to work on our own a lot. We needed to have that collaborative planning time throughout the day. We did not, we never got it. We had to make it after school, or just kind of catch it when we could catch it kind of thing. That just made it extremely difficult. This was a big task.







In addition to challenges with common planning time, teachers also felt pressure from administrators to meet curricular demands or focus on standardized testing, which is a common challenge associated with PBL and inquiry-learning [26,27]. One teacher described in a focus group how they saw this challenge reflected in their school environment:


So, I think they [administrators] try to put so much pressure on these kids to show this growth on a test and then they forget about their experiences in the classroom and how important that is as opposed to just the importance of a test.







Another school-level challenge involved balancing multiple responsibilities. Multiple teachers in one district reported feeling “overwhelmed” by the challenge of implementing their Action Plans in the midst of other responsibilities related to school-wide initiatives, even when these other responsibilities were also related to STEM or STEAM learning.




3.3.2. Teacher-Level Challenges


Teachers described expected and unexpected challenges related to implementing STEAM PBIL lessons in their classes. One of these challenges was addressing learning goals and standards from multiple disciplines as part of lesson plan implementation. Challenges integrating standards across STEAM disciplines is not unique to our context (see, for example [7,28]), and teachers within our program expected that this might be a challenge within their own classrooms. As one teacher explained, standards integration remained a challenge even after preparing integrated STEAM Action Plans during the summer PD:


I think that was a challenge we anticipated, and not having done it before, we weren’t sure exactly how best to integrate the standards for both classes…But I think that was one of the biggest challenges was making sure that we combined standards.







When designing their Action Plans during the summer PD, teachers took into account certain constraints related to the nature of their courses (e.g., Advanced Placement designation or class size). At multiple schools, teachers’ class schedules or course load were altered after the year began. In response, teachers had to adjust the content or structure of their plans, which was challenging. Furthermore, some teachers designed STEAM PBIL lessons that they hoped would involve additional teachers or the larger school community. When the school year started, this too became a challenge. Similar to past research on teachers implementing STEAM in their schools [8], teachers within our program described the difficulty of working with fellow teachers and getting “buy in” on school-wide projects or efforts. Some teachers decided to scale back their Action Plans in response to this challenge, while others tried to continue implementing large-scale STEAM projects without the support of other teachers at their schools. One teacher likened the experience of implementing their Action Plan in this climate to being “salmon going against the stream”.




3.3.3. Student-Level Challenges


At the student level, teachers reported challenges tailoring their STEAM lessons to the varying needs of students. Teachers in the GoSTEAM@Tech program taught students at various levels (i.e., Advanced Placement, magnet/gifted, self-contained setting, general classroom) and teachers needed to plan for differentiated instruction to meet the needs and proficiencies of their students. Teachers also had to adjust their pacing to provide students with adequate time to engage with and master content, which is a challenge also reported in previous studies of STEAM initiatives [8,28]. Multiple teachers mentioned that the implementation process reinforced for them the academic areas in which their students needed support, especially in the area of literacy. As one teacher stated:


The students we teach aren’t necessarily all on sixth grade reading level, or all aren’t performing at a sixth-grade level. Just trying to figure out, how do I push this task on them when they’re already struggling in other areas? I guess that’s my take on it. It was very eye opening for me.




While teachers often described this as a challenge, it was also described as an opportunity for teachers to recognize what was necessary to meet the needs of students. Teachers tried to address differing student needs by capitalizing on individual strengths and helping their students engage with the content.





3.4. Support Mechanisms for Addressing Challenges


Despite challenges, various components of the GoSTEAM@Tech program (i.e., summer PD, program activities and documents, innovators, coaches) prepared and provided support to teachers, mitigating the effects of these challenges. Additionally, teachers described using creativity, communication, and flexibility to address changes, demonstrating resilience even despite challenges. The teachers indicated a commitment toward student learning that seemed to bolster their efforts, even during times of difficulty.



3.4.1. Meaningful Professional Development


As previously described, there were certain elements of the summer PD experience that teachers perceived as important for their success in developing and implementing STEAM PBIL lessons. During the PD, teachers completed documents that helped them prepare to implement STEAM PBIL lessons during the coming year. At the end of the year, teachers described two of these documents as useful for mitigating challenges during the school year: their Action Plan and their SWOT Analysis. The Action Plan document outlined teachers’ plans for STEAM PBIL implementation for the year, including relevant standards, materials and resources needed, and responsibilities of each member of the STEAM Implementation Team in contributing to successful implementation. One teacher referred to the Action Plan as their “blueprint” for implementation. The SWOT analysis helped participants anticipate potential pitfalls or barriers to implementation relevant to their specific school context. In describing the SWOT analysis, one teacher stated that, although they knew they might encounter challenges, the SWOT analysis helped them take a proactive approach to identify threats to successful implementation of their Action Plan and strengths that might offset potential challenges.



In reflecting on their experiences in end-of-year focus groups, teachers described how elements of the PD supported them to address challenges they faced during the school year. One such challenge was finding common planning time. However, the time provided during the summer PD to collaboratively plan with their STEAM Innovation Teams was helpful in lessening this challenge, as one participant described in a focus group:


The time given, actually, during our professional development, to really sit down and really specifically and intentionally plan out what the work will look like and what the innovators will be in that work because once school starts, things can go haywire. It can get crazy and then you can lose focus if there’s not a solid plan in place. I think that’s definitely key.








3.4.2. Administrative Support


The support of school administrators was crucial for teachers’ ability to successfully implement their Action Plans. At the end of the school year, a majority of teachers agreed that, despite challenges, their school administration was supportive of GoSTEAM@Tech activities. In the end-of-year post-survey, one teacher stated that “the partnership between my school and CEISMC really allowed openness from my admin to allow me to try new things”, suggesting that the involvement of an external support system for teachers made their administration more willing to engage in STEAM. In focus groups, most teachers reported that their administration was enthusiastic about participating in the GoSTEAM@Tech program. However, the school-level challenges described above indicate that enthusiasm was not enough to help teachers successfully implement STEAM PBIL at their schools. There was additional, tangible support provided to some teachers by their school’s administration that allowed them to successfully mitigate challenges with implementation. For example, in some schools, teachers were given common planning time or opportunities to push into each other’s classes in order to collaboratively plan and implement GoSTEAM@Tech Action Plans. Furthermore, the administration in these schools created a culture supportive of STEAM, increasing the buy-in of other teachers and allowing for greater impacts of GoSTEAM@Tech at the school level. Thus, the presence of robust administrative support bolstered implementation of STEAM PBIL.




3.4.3. GoSTEAM@Tech Coach Support


On the end-of-year post-survey, participants commented on their coach’s ability to guide them through challenges during implementation, such as unanticipated adjustments to their Action Plans and challenges with school administration. In both surveys and focus groups, teachers described the support of their coach in helping them generate ideas for their Action Plans. One teacher described how their coach helped them form a starting point from which to build their Action Plan, stating, “as someone who has always been interested in STEAM, but didn’t have know-how on where to start, having a coach gave me the extra support I needed”. Coach support was especially valuable when teachers perceived a lack of administrative support and coaches served as a liaison between teachers and school administration. Coaches also connected teachers with partners and resources outside of their schools, helping minimize challenges related to accessing resources. A few teachers mentioned that their coaches motivated them to meet deadlines, stay focused, and continue forward with their Action Plans, answering questions and offering advice along the way. As former educators themselves, coaches offered empathetic support for teachers when they faced challenges, as described by one participant:


There were times that we were just completely bogged down. [Coach] kind of gave us some focus on how to look at it. “Okay, let’s see what you still have left. Let’s tackle this part of it. Let’s make sure…” Even if it was just a voice that said, “Gosh, I see what they’re doing to you. Stay focused, and I see that you’re doing a good job.” That was a great help.








3.4.4. GoSTEAM@Tech Innovator Support


Within the STEAM Innovation Team, teachers perceived innovators to be a key mechanism for classroom support. Innovators used their knowledge to assist with technology and help find solutions when problems arose, making them a key classroom-level support. On the end-of-year post-survey, one teacher summarized this support, stating that their innovator “helped us remain true to the project/Action Plan when things did not work out or we needed to change aspects of the project”. When working with teachers, innovators presented novel ideas that helped teachers deliver and implement content. Teachers welcomed this expertise as they negotiated complex schedules, student needs, and curricular demands. The efforts of innovators were crucial for implementing arts content and new technology, as this quote suggests:


Well, actually for us, I think it was a pretty good team. First out, everything was real new to me. With [Innovator] and [co-teacher] being there, they really helped out with the art integration. I wasn’t really familiar, honestly with the EarSketch, outside what they did during the summertime. I’m really new to this whole thing. With [co-teacher] and [Innovator], they really helped out.








3.4.5. Ongoing Support Needs


In surveys and focus groups, teachers requested ongoing pedagogical support with PBIL and STEAM lesson planning and implementation. In particular, teachers reported lingering concerns about standards integration in PBIL lessons, as one teacher described:


I’m glad you brought that up because my concern was how to do that and still cover all the standards. How can I incorporate both? Stay on pace but also make sure that the lessons that I present are project-based.







In addition, teachers requested training on specific STEAM content and technologies related to coding, music, theater arts, and computer science. While there was an interest in ongoing support, survey data indicate that some teachers felt they could sustain STEAM initiatives without program support if needed. On the end-of-year post-survey, teachers were asked if they would be able to continue implementing STEAM PBIL lessons next year if they did not have GoSTEAM@Tech support (i.e., a stipend, access to resources, a professional learning community, GoSTEAM@Tech Staff). About half of the participants (42%) reported that they felt prepared to implement STEAM PBIL lessons without assistance from GoSTEAM@Tech. They attributed this sustainability to the support they experienced throughout the year and during the summer PD. One respondent recognized the network they developed through their experience as “a great source of support” for continuing to implement STEAM PBIL lessons. Another respondent noted that STEAM integration is an expectation at their school so they would be able to continue with school support alone. These responses are encouraging and speak to confidence some teachers felt in their ability to implement STEAM PBIL lessons after participating in just one year of the GoSTEAM@Tech program.






4. Discussion


Amidst the enthusiasm for STEAM learning, it is crucial to understand the challenges and perspectives of those tasked with implementing STEAM instruction. Our findings from the pilot year of the GoSTEAM@Tech program contribute to the growing body of literature on STEAM education by detailing a model of STEAM teacher training and the extent to which this model was successful in supporting teachers as they worked collaboratively to design and implement STEAM lessons. We share teachers’ perspectives on the important elements of STEAM teacher training, as well as the influence of participation on teachers’ perceptions and practices related to STEAM. Furthermore, we document the challenges faced by teachers implementing STEAM, many of which mirrored past studies of STEAM education, as well as the ways in which a teacher training program can be designed to mitigate some of these challenges. In response to calls to clarify the definition of STEAM, we provide the definition of high-quality STEAM within our context. The results indicate that the program’s STEAM definition was useful for teachers’ understanding and the implementation of STEAM lesson plans. Quantitative and qualitative data suggest that teachers perceived high levels of arts integration in their Action Plans and developed a better understanding of arts integration in STEAM, despite challenges enacting integrated STEAM lessons in the classroom. In upcoming years, our goal will be to further refine our definition of STEAM and finalizing a robust STEAM teacher training program.



Through the combination of a 5-week summer PD experience and ongoing support, teachers from STEM and arts disciplines were able to collaboratively plan and implement integrated STEAM lessons. Our findings indicate that the summer PD was important for creating a shared language and pedagogical foundation that allowed teachers to bridge the content and pedagogical gap that often exists between STEM and arts classrooms. Furthermore, STEM and arts teachers from each school began collaborating during the PD, which allowed them to share learning and be intentional about the equal inclusion of both STEM and arts disciplines in their Action Plans. This was important for preventing one discipline from being considered an add-on, which might hinder the implementation of that discipline’s content [43]. Collaborative lesson plans held each teacher accountable for trying to achieve equal integration of STEM and arts and created a sense of community among the group.



As they developed a pedagogical and collaborative foundation, teachers created their STEAM Action Plan as the culminating product of the summer PD. The Action Plan was vital for teachers’ success during the school year, allowing them to articulate their plans for cross-disciplinary instruction and anticipate potential challenges. Even with careful preparation, lesson enactment is often driven by several academic and structural factors and having the ability to make modifications to meet those factors allows for greater impact in implementation [44]. Qualitative data suggest that by providing flexibility for teachers to make changes to their plan as they adjusted to their school contexts, they were empowered in the implementation process. Planning the summer PD with intentionality, modeling activities with teachers, and thinking about disciplinary roles within the project were all important to strengthen the quality of the PD and STEAM instruction.



Our findings suggest that while a 5-week summer PD experience was adequate in giving teachers a foundation in STEAM and PBIL, ongoing support was essential in helping teachers feel equipped to implement STEAM in the midst of challenges faced during the school year. Teachers benefitted from pedagogical expertise of coaches and technical expertise and classroom support from innovators. Innovators often supported the delivery of innovative lessons in the classroom and helped bridge arts and STEM content. Qualitative data suggest that having innovators present as an on-site content expert provided teachers the confidence to introduce new concepts in their classrooms. Continued collaboration was enacted in our model throughout the school year with regular meetings of the GoSTEAM@Tech Innovation teams. These meetings supported teachers in navigating and adapting their Action Plan implementation within the context of the school environment. Strong, continued collaboration helped teachers remain true to the pedagogy and content of the Action Plan.



Ongoing financial and material support allowed teachers to engage students in new and otherwise impossible ways. Many teachers have limited resources at their schools. Therefore, having access to supplemental funding from the GoSTEAM@Tech program was instrumental in the implementation of STEAM initiatives at their schools. This funding also facilitated field trips to many of the organizations highlighted in the summer PD experience. Providing students with these authentic experiences energized teachers’ classroom implementation of their STEAM Action Plans. The synergy of these multiple support mechanisms was essential in helping provide well-rounded support, particularly if teachers lacked robust support of school administrators or colleagues. Our findings also suggest that ongoing support from school administration is crucial when implementing STEAM initiatives at the schools. Therefore, as we design future STEAM teacher training, we need to consider ways to engage administrators throughout the PD as teachers design their Action Plans. This would allow administrators to be involved in the process and anticipate support that will need to be in place at the schools to facilitate implementation.



Our data suggest that our STEAM teacher training model may be a successful mechanism for supporting teachers’ confidence and ability to implement STEAM PBIL lessons. While general teaching self-efficacy remained unchanged after one year in the program, teachers perceived an increase in their STEAM self-efficacy and an enhanced understanding of arts integration and PBIL. Qualitative data supported this, with the success of these models in engaging students contributing to a deeper understanding of how to teach STEAM, or pedagogical content knowledge [45]. Pedagogical content knowledge is the “the ways of representing and formulating the subject that make it comprehensible to others” [45] (p. 9). Additionally, these findings align with Guskey’s model of teacher change, in which experiencing student outcomes and success contribute to teachers’ attitudes and beliefs about the effectiveness of their teaching [46]. In other words, professional development and classroom practices may lead to changes in student outcomes that impact how teachers view their teaching effectiveness. As this evaluation evolves, we will continue to assess how participating in the GoSTEAM@Tech program influences teachers and their students.



The pilot year of the GoSTEAM@Tech program was essential in testing a model of STEAM teacher training that supported collaboration among teachers through a 5-week summer PD and ongoing pedagogical and financial support. After just one year in the GoSTEAM@Tech program, some teachers felt able to sustain high-quality STEAM lessons in the future without program support. This offers promising evidence that the teacher training program may be effective in supporting teachers’ success collaborating across disciplines and developing STEAM pedagogical content knowledge after just one year of participation in the program. The pilot year is one of exploration and implementation and is not without its limits. Within the methodology of the study itself, our case is based on a relatively small number of participants within a unique context and setting. Our intent is to present and describe a potential case with recommendations that might enhance teacher training in STEAM in other settings and contexts. Most of our data relied on the perspectives of teachers, and we argue that their experiences and perspectives are paramount in understanding how to meet their unique professional needs. As the COVID-19 pandemic occurred toward the end of our data collection, some of our findings were likely impacted by the abrupt transition to emergency remote teaching in the last months of the school year, though data collection was able to continue in a virtual format. We are exploring the implementation of our GoSTEAM@Tech model in virtual and hybrid classroom settings during the 2020–2021 school year.



The findings from this evaluation have implications for the development and evaluation of STEAM teacher training. STEAM PD may be most successful when it involves collaborative planning time for teachers across disciplines, a shared pedagogical foundation (such as PBIL), and hands-on opportunities for teachers to experience STEAM learning. Our data suggest the importance of continued support for teachers throughout the school year as they translate knowledge gained in PD into classroom practices. Evaluations of STEAM teacher training programs are critical for understanding the components that contribute to teacher and student success. Further research is needed on the mechanisms through which STEAM teacher training programs can support the adoption of STEAM PBIL pedagogies and support student success.
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Figure 1. GoSTEAM@Tech Logic Model. 
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Figure 2. GoSTEAM@Tech Integration Continuum and Teacher Ratings. 
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Figure 3. Collaboration before and After One Year of Participation in GoSTEAM@Tech. 
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