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Program Description

(25 Words)
KATE Project researchers explore preservice teachers’ experiences and perceptions of simulations and engagement in a virtual classroom setting in Second Life to facilitate algebra teaching for equity.
Purpose & Objectives
In this paper, we present an overview of the National Science Foundation  (NSF) funded Knowledge for Algebra Teaching for Equity (KATE) Project and experiences from preservice teachers who are preparing for teaching middle grades mathematics. We highlight findings from a preliminary analysis of the effectiveness of virtual simulations of problem-based teaching of algebra concepts in enhancing preservice teachers' knowledge and skill in teaching diverse students.
More specifically the objectives of this presentation are to:

1. Describe the design and start-up of a 5-year NSF funded project that focuses on the design, development, and testing of technology-enriched teacher preparation strategies to address equity in algebra learning for all students. 

2. Describe experiences and perceptions of preservice teachers (PST) and graduate students serving as middle grade student (MGS) avatars, following engagement and simulations in a virtual classroom setting in Second Life.
Perspectives/Theoretical Framework 
Knowledge Foundations for Teaching for Equity

Moses and Cobb (2001) state that "the most urgent social issue affecting poor people and people of color is economic access. In today's world, economic access and full citizenship depend crucially on math and science literacy" (p. 5). Ladson-Billings 2009()
, citing Haberman 1996()
, notes that "a serious effort toward preparing teachers to teach in a culturally relevant manner requires a rethinking of the teacher preparation process" (p 143). We agree with Moses and Ladson-Billings and other researchers who conclude that traditional teaching methods are one source of difficulties that students of color have in school-based learning. Preparation for equity requires both mathematical knowledge for teaching of algebra Kulm, 2008()
 and knowledge of how to address the challenges of teaching all students Achinstein & Athanases, 2005()
. 

The project focuses on equity in algebra learning for all students. Algebra has emerged as a “filter” that prevents many students from pursuing advanced mathematics courses in high school and, therefore, limits their preparation for college and/or selection of Science, Technology, Engineering, and Mathematics (STEM) careers. This 5-year project was designed to develop and test prototypes of web-based and virtual learning strategies that will enhance preservice teachers’ mathematical knowledge for teaching emergent concepts of algebra in the middle grades. The project focuses on knowledge of three primary early algebra concepts:  change, variables, and operations (AAAS, 2000; Kulm & Capraro, 2008). We will design, develop, test, and implement technology-enriched teacher preparation activities to prepare middle grade mathematics teachers to teach these topics effectively to diverse learners. 

The work of the project is different in two important ways from previous attempts to address equity concerns. First, instead of the more general traditional approaches to building multicultural awareness, our strategies to enhance knowledge and skill in teaching diverse students has been developed in the context of the important, specific mathematical content of algebra. Second, in a mathematics problem-solving context, we use innovative technology-based simulations of classroom situations that challenge preservice teachers to address equity issues. These simulations will make it possible to provide more intensive and focused practice with diverse learners than the more sporadic opportunities that might arise in classroom observations or other field-based settings. These strategies have great potential for generalization to other topic areas in mathematics and to other teacher education programs.

Specifically one approach employed in the KATE Project was to develop a middle school classroom in the virtual world of Second Life (SL) and simulate teaching in diverse settings for preservice mathematics teachers enrolled in a Problem Solving course. While being actively engaged in experiential and situated learning in virtual environments, learners can be afforded ubiquitous opportunities to authentically develop an array of new literacies (Jenkins, 2006), mathematics skills (NCTM, 2000), and computational thinking and information and communication technologies (ICT) skills (Barr, Harrison, & Conery, 2011; ISTE, 2007). These include but are not limited to: problem solving, simulation, critical thinking, and negotiation. The new literacies, for example, almost all involve social skills developed through collaboration and networking (Jenkins, 2006).
The KATE project uses a design experiment approach to develop Hierarchical Learning Trajectories (HLTs) of preservice teachers’ existing knowledge of teaching algebra for equity. We followed the model of Lamberg and Middleton (2009) to construct an HLT for solving algebra word problems.
Second Life

Simulations as a subset of computer-assisted learning have been around since the late 1980’s (e.g. SimCity) (Wright, 1989). These earlier programs typically simulated real life places and scenarios. They provided opportunities for learners to interact in environments even when they were not able to physically visit them. In this way, three-dimensional virtual environments were an effective alternative, and fostered experiential and situated learning approaches (Davis, 2011). According to Caprotti and Seppala (2007), the design of 3-D learning activities in Second Life is not hard, although activities that focus on modeling and working out mathematics problems are more difficult due to symbolic systems. Recent developments in SL such as extended use of displays that project an array of formats including audio, video and web-based media, and now the availability of interactive pen displays (i.e. Smart Podium solutions) working in concert with streaming applications, mathematics concepts and problems can be presented with greater ease (Davis, 2011).


Research Questions


This paper describes our initial work to answer the questions, 1) What evolving training and engagement approaches were employed to prepare preservice teachers and graduate students acting as middle grade student avatars for virtual classroom simulations? 2) What were the experiences and perceptions of preservice teachers and graduate students serving as middle grade student avatars, following Second Life engagement and classroom simulations?
Methods
Participants
The participants in the first phase of the study consisted of 18 preservice teachers (14 White females, 1 African-American female, and 3 White males).  The pilot group contained 7 sophomore preservice participants, 10 juniors and 1 senior and all were seeking middle grade mathematics teacher certification. The participant sample is representative of the population of preservice teachers in the middle grade teacher education program in a large, southwestern university with very high research activity (RU/VH) (The Carnegie Foundation, 2010). These participants volunteered to enroll in a sophomore/junior level required mathematics Problem Solving course to work closely with the research team to design, test, and revise strategies to develop deeper understanding of teaching algebra for equity. The participants elected to take this research intensive section of the course based on the written description in the course registration notes and they only received course credit for their participation.
Design

Data Sources
Several data sources provide key information for this inquiry: 1) PST and MGS – SL engagement exercise feedback surveys, 2) preservice teacher (PST) interview transcripts and debriefing notes, 3) KATE SL orientation and training records and materials, 4) video captures of preservice teachers’ problem solving lessons, and 5) design records outlining development efforts of the KATE virtual lab classroom (year one) and additions of student engagement features in the classroom (year two).

Procedures

Second Life Engagement

To simulate teaching in diverse settings, we developed a middle school classroom in Second Life. The preservice teachers developed personal avatars and each of the project graduate assistants developed avatars of diverse middle grade students to simulate mathematics knowledge and misconceptions in an authentic [virtual] classroom setting. Multiple classroom simulation sessions were given during the semester. 

Participants were provided three one-hour training sessions in Second Life. The first two sessions focused on getting started with and using Second Life (e.g. avatar setup, navigation, communication etc.). The second session consisted of a scavenger hunt that focused on SL skill development and an orientation to the KATE virtual classroom space. The final session focused on the instructor modeling a problem-solving lesson in SL. As a culminating exercise, each of the preservice teachers taught a 15-minute lesson in SL to the middle grade student avatars. The instructions were:

Please plan a 15-minute lesson presentation of a problem similar to the Dinner Problem to a group of diverse students. The mathematical core of your problem should be based on the concepts of rate of change and/or proportion. Your problem can reflect the KTE conceptual scheme (situated learning, culturally relevant, or critical pedagogy) of your choice. 

During the lesson, the preservice teacher and the instructor were in a remote room where the teacher-avatar delivered the problem-solving lessons. The preservice participants used multimedia presentations, asked questions, and engaged with the middle school student avatars. They used an interactive pen display (i.e. Smart Podium) to illustrate their work and answer questions posed by the middle school avatars. The other preservice teachers observed from a separate location and were asked to complete an observation checklist. Following the completion of their lesson, each preservice teacher was interviewed to capture reactions about their teaching episodes in Second Life as well as other components of the course.


Interview Debriefing


An in-depth interview model was utilized as a tool for understanding the SL experience through the preservice teachers’ eyes, as well as understanding the sense each participant made of the experience. At the heart of an in-depth interview is the researcher's genuine interest in a phenomenon as experienced and interpreted by others and the meaning they make of that experience (Seidman, 1998). At the conclusion of each round of interviews with the preservice participants, debriefing sessions were held by the interviewers, along with the first and second authors (Green, Camilli, and Elmore, 2006). Notes from the debriefing sessions were recorded and explored later by the authors and key themes were summarized. Although, analyses of transcriptions of the full interviews with the preservice participants are being finalized, a summary of the debriefing notes provides important preliminary data on the preservice participants’ perspectives related to their lessons and overall Second Life experiences.
Results or Expectations
Second Life Training Sessions

In summary, during year one a full class period was devoted to SL orientation and training and conducting baseline interviews during the second class meeting. Valuable perspectives were revealed during the debriefing sessions. Several technical problems and nuances occurred during this first SL session. For example, the wireless network could not adequately support multiple concurrent users accessing SL from the same classroom (even though this was successfully tested prior to the start of the semester). This resulted in the loss of instructional time during the course session. Project staff requested an immediate installation of wired Internet connections. Fortunately this update was made prior to the next classroom session that utilized SL. Preservice teachers made thoughtful recommendations related to this component of the course. They found the technical problems frustrating. They also suggested that perhaps having them complete SL training on their own might be an option. Their overall opinion of Second Life during this phase of the course wasn’t entirely favorable and they were unsure about its usefulness.

Teaching Lessons in SL
In developing the SL classroom simulations and observing initial efforts of the preservice participants in developing lessons for diverse students, some challenges and affordances were revealed (Dalgarno & Lee, 2010). For example, participants addressed student-avatars’ mathematical questions but often ignored or glossed over questions about the cultural context of the problem, indicating that they might have over-estimated their openness and cultural awareness on the KATE beliefs pretest items. Debriefing discussions indicated that participants’ opinions of Second Life changed markedly after they taught their lessons in SL.  Some commented that the SL experience might offer them a good transition to teaching in a real classroom. One preservice teacher who had a previous unfavorable classroom experience commented that he would have liked to have taught the SL lesson prior to entering an actual classroom.  

Overall they saw great value in the SL lesson experiences. They suggested that the SL training be modified or shortened, recalling their frustration with losing instructional time due to technical and network issues. They commented that training should focus only on what they needed to know to deliver lessons in SL. They also expressed interest in seeing more of the middle school avatars’ work during lessons while understanding that some capabilities may go beyond the limits of the program. 
Increased Engagement and New Training Approaches

The initial findings from year one have had a significant impact on the restructuring of training approaches for year two. Design records outlining development efforts in the KATE classroom and the year two additions, support increased middle grade student engagement. An examination of KATE orientation and engagement exercise records and materials, reflect that Second Life training is more embedded. Preservice teachers engage earlier and more often with the middle grade avatars they will teach. New exercises implemented during year two include: “Get to Know Your Students” and “Problem Solving Tutoring Sessions” with middle grade avatars. Preservice teachers engage in these exercises weeks before they give their problem solving lessons in Second Life.
Educational Importance

Discussion
In this project, we aimed to provide preservice teachers, as suggested in Ladson-Billings’ original Dreamkeepers project, educational experiences that help them understand the central role of culture, while providing teacher candidates with opportunities to critique the system in ways that will help them choose a role as either agent of change or defender of the status quo. (Ladson-Billings, 2009). The activities in the project provide opportunities for observation of culturally relevant teaching and to practice lesson development and presentation in a controlled setting through the simulated teaching environment afforded by our Second Life teaching platform.
The value of Second Life in simulating preservice teachers’ experiences with diverse students has only begun to be explored in this phase of the project. The training approaches were successful and the SL interaction with student-avatars produced useful data on preservice teachers’ algebra and equity trajectories (KTA and KTE) that will be further analyzed. Preliminary results appear to indicate that SL simulations can provide rich settings for teacher development on specific mathematics teaching skills and challenge them to apply their ideas about diversity. The participants made thoughtful recommendations related to the SL components of the course. They openly shared their perceptions on what worked during Second Life classroom engagement and discussed perceived barriers in detail. These preliminary results provide invaluable insights that have practical implications for future project planning and course design. Moreover promising approaches, as well as lessons learned, perhaps will have utility for other teacher educators.
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