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Abstract

As teacher educators guided novice teachers toward the constructions of knowledge about classroom questioning, inquires into how and what questions elicit students’ mathematics understanding emerged. The conflicts appeared between the theory around questioning practices and its appliance into classroom practices. The tension made teacher educators reconsider whether questioning could be simultaneously envisioned as theoretical and practical knowledge. 

         Our research findings suggest that the study of questioning in teacher education can bolster novices’ connection between theory and practice. We present the case study of a questioning project involving 19 novice teachers. The study was performed during the last year of a two-year secondary mathematics teacher education program. Two researchers whose early education and mathematics teaching backgrounds reflected their Romanian and United States’ cultures conducted the research. Novices’ mathematical development and their responses to diversity in teaching contexts as researchers’ cultural-specific perspectives, led to a common platform. The study of questioning shifted concentration from what is the knowledge for and in questioning practices to how to create knowledge of questioning. The shift affects the nature of learning to teach mathematics. We propose the construct of questioning as a learning milieu appropriately responsive to teachers’ professional development. 
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The focus on students’ mathematics understanding is not new to mathematics education community. Although mathematics understanding has been highly emphasized by US national reform (NCTM, 1989, 1991, 1995, 2000) the origins could be traced to the beginnings of mathematics education development and across different countries’ cultures (D’Ambrosio, 2003). 
Diverse approaches to teaching for mathematics understanding have made the context of teacher education problematic (Ball, 1993; Lampert, 1988). Various approaches (see Fennema et al., 1996; Fernandez, 2002; Miller, 2001; Schifter, 1998) focused on how to help teachers respond to their students’ diverse understandings of mathematical concepts. An often encountered issue was teachers’ generation of questions. Questions made students’ thinking noticeable for teachers. Once noticed, teachers initiated and guided the individual processes of understanding. 
Over the last decades, a response to teachers’ concerns about questioning processes have been bounded by researchers’ issues on what knowledge is of most worth (Huberman, 1985). Within these boundaries two types of knowledge have been suggested: theoretical and practical knowledge. The present research findings suggest a way that can bolster researchers and practitioners’ connections between questioning as theory and questioning as practice. Specifically, we reconsider teacher educators’ wonderings in the problematic context of questioning. What can teacher educators use as knowledge of questioning?  What have we learned equally from practitioners and academic researchers? How could we teach what have we learned?

Research recommendations for teachers and teacher educators emphasize the valuable nature of questioning in mathematics education as well as the implications for mathematics teaching (Boylan M, 2003, Duckworth, 2001). Studies attempted to provide guidelines for teaching practice and acquiring questioning skills (Buschman, 2001;Moyer and Milewicz, 2002; Mewborn and Huberty, 2003; Martin, 2003; Martino and Maher, 1999, Peressini and Knuth, 1998). In common with all of these studies is the problematic of packaging the questioning process for teachers. Findings suggest that the nature of questioning is contextual, is guided by the participants, and repeatedly re-created as a new teaching/learning act. Questioning processes reveal the different understandings both teachers and students carry into the mathematics classrooms.  

 Anchored into these conflicts between what we know and what can we teach to novices, the present research examines two issues. One relates to the subject-matter issues introduced by the novice teachers
 in this study: If teachers are not simply to deliver to the students, what should teachers do with their mathematical knowledge? The other supports a response to the first issue in the context of teacher education: What might teacher educators do to guide novice teachers toward their own thinking about questioning for mathematics understanding instead of novices searching for authenticated knowledge in this matter? 
The visions in teacher learning stem from different assumptions about multiple meanings of knowledge and professional practice. The differentiation is evidenced further in the methods and procedures of professional education, but most importantly it is directly related with agendas of reform policies.  
Our research is grounded on the differentiation Cochran-Smith and Lytle outlined between “knowledge for and in practice” and “knowledge of practice” (Cochran-Smith & Lytle, 2001, p. 47-49).  We reconsider this difference within the specific context of questioning for mathematics understanding and analyze its implications for teachers’ process of learning.  In the first case, knowledge is envisioned as what university-researchers generate as formal knowledge and theory or “wisdom of practice.” This knowledge is “for teachers to use in order to improve practice.” In the second case, knowledge refers to what “teachers learn when they have opportunities to probe the knowledge embedded in the work of expert teachers and/or deepen their knowledge and expertise as makers of wise judgments and designers of rich learning interactions in the classrooms.”  This kind of knowledge is often termed “practical knowledge” or “craft knowledge.”

In the third approach, knowledge is obtained when teachers treat their classrooms as “sites for intentional investigation at the same time that they treat the knowledge and theory produced by others as generative material for interrogation….” It is then that “teachers learn when they generate local knowledge of practice […] within the contexts of inquiry communities to theorize and construct their work and to connect it....”  In this last approach “what counts as knowledge and to whom, and how knowledge is used and evaluated in particular contexts –are always open to question.” Cochran-Smith and Lytle refer to this as a “pedagogic act-constructed in the context of use, intimately connected to the knower, and although relevant to immediate situations, also inevitably a process of theorizing.”
Most appropriate for our research was the notion of “knowledge-of-practice” because it reevaluates the disconnections in teacher learning generated by a dualistic view of theoretical and practical. We searched for the “stance of inquiry” proposed by Cochran-Smith and Lytle, a stance that “teachers […] take toward knowledge, its relationship to practice, and the purposes of schooling” (p. 50)    

We present the case study of a questioning project performed by 19 novices along the second part of their secondary mathematics teacher education program. The university program highly encouraged novices’ to take student diversity into account when teaching. The focus was on understanding the cultures of mathematics classrooms and students’ diverse social and cultural backgrounds.
 The study of questioning was initiated at the beginning of the year when novices questioned their abilities to imagine and practice successful questioning for understanding in real mathematics classrooms. As a response to these concerns, the teacher educator and the research assistant in the class proposed the study of questioning for the next teaching experiences. The study of questioning addressed the content of the experiences in teacher education much more than prescriptions on structure and procedures of the study of questioning.

Initially, the study of questioning has been designed toward an “intentional learning from carefully planned experiences” (Hiebert, Morris, and Glass, 2003). In the first stage, novices were paired and each pair prepared a study of a specific issue in questioning. Special classes were set aside to discuss the focus questions and the design of studies. Readings enriched the discussions. Novices focused both on students’ and teachers’ questions in the field, and on their own practices. 

For two-months, the research assistant and teacher educator monitored and supervised novices’ studies. Electronic discussions within a learning community of novices, cooperating and mentor teachers prompted observations and debates in the study of questioning. These data points were accompanied by observations of novices’ teaching and discussions after lessons. 
In the second stage, during their second semester student-teaching experience, each novice, based on her/his experience with the previous semester investigations, designed a more focused study of questioning in practice. These studies were accompanied by weekly class meetings and discussions.
Two researchers whose early education and mathematics teaching backgrounds reflected their Romanian (the research assistant) and United States (the teacher educator) cultures conducted the research. The cultural-specific foci and approaches in education contributed to a common platform at the end of the research study.
During analysis, researchers negotiated meanings of what would contribute to novices’ learning of teaching. The Romanian researcher envisioned that the instructional discussions should lead to a formal body of knowledge about what to do with the mathematical knowledge for novices’ practices. The American researcher was more concerned about how to lead novices toward their own thinking and learning to learn about questioning as the knowledge to acquire for practice. The Romanian researcher envisioned the study of questioning as an avenue to know and understand mathematics for own practices. The American researcher viewed the study of questioning as happening more in the diverse context of teaching mathematics thus leading novices towards mastering their thinking and learning. We envisioned this difference as distinguishing between questioning for understanding mathematics and questioning for mathematics understanding. Both researchers encouraged novices to consider students’ as well as teacher questioning and internalize the process as a state of inquiry. 
Along the study, several issues arose and they contoured the two themes of our analysis. First, what novices defined as questioning caused concern for both researchers. The teacher educator had an interest in classrooms questioning for students’ understanding. The research assistant pointed that in this way novices’ insights on questioning had little to do with understanding mathematics.  Tension arose between guiding novices toward students’ understandings in classroom management context and guiding toward mathematics understanding and sense making context. The second theme was derived from novices’ debates around what is good questioning. In this sense, we noted the different vantage points anchored in the local contexts of practice.     

 Caught in the dilemmas of what it means to learn and use for and in practice, the experiences provided by the studies generated a milieu of learning appropriate for the multiple meanings and contexts of teaching experiences. Two years after the project, in regarding their own teaching, the novices agreed that inquiring into their questioning remained a permanent stance in their practices. 
Upon second analysis of the themes, researchers realized that what was perceived as a dichotomy in questioning as mathematics-development and questioning as mastering practices had been intertwined and incorporated into the novices’ initial inquiry. The study of questioning maintained the stance of inquiry and built the avenues to create knowledge about students’ understandings of mathematics. Through questioning, novices inquired into their teaching and mathematics knowledge. They generated theories and practices of questioning to help their students: 
“Q4MU [questioning for mathematics understanding] is always a controversial issue with me. I think it can be great but also flawed. The few results I saw in the classroom will just help me have better expectations in the future, for example, how class acts is not only based on you, but also the class itself. Social classes, math classes, previous experiences, these factors all influence the kind of atmosphere in each class. If anything I now know many factors and expect many more to come up when I start teaching and try to create my own classroom atmosphere.”
We noted that the study of questioning specifically generated a setting in which an inquiry stance is inevitably maintained because it creates a milieu in teacher education in which “change is a desired state” (Mousley and Sullivan, 1997). In this milieu, questions such as “What is the practical or theoretical knowledge about questioning?” and “How would novice teachers connect such bodies of knowledge with mathematical knowledge?” are replaced by “How do teachers create their knowledge of questioning?” and “What supports novice teachers’ integration of their processes of learning about questioning in mathematics and their deepening understanding of mathematics?” 
With this shift, the possible conflicts between questioning as practice and questioning as theory are insignificant. Instead, we look at what surrounds the issue of questioning in mathematics teacher education. From there, we follow how the study of questioning exposes the novelties in teachers’ learning. The teacher educator role has been transformed into helping novices recognize and decipher the tensions between what they generate as knowledge and the authenticated knowledge. The themes exposed the multiple dimensions this milieu of learning encompasses in teachers’ development. They illustrated the new positions of both novices and teacher educators in the milieu and how they modify the nature of learning to teach mathematics. Although this particular research has been systematically focused on a third cohort of novices, the study of questioning has been enacted for six years. Each time, it revealed the same convergence toward a milieu of learning in which the stance of inquiry has been maintained in novices’ future practices. We propose the construct of questioning as a learning milieu appropriately responsive to teachers’ professional development. 
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