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Chapter 5: Creating New Situations as Inquiry
Original draft by Rose – Draft as of 30 March 2013

Read by Glen with reaction from Rose – Draft as of 6 April 2013

Additional reactions from Glen and Rose – Draft as of 7 April 2013 forwarded to Jim
We developed Situations
 with the goal of using them to establish the FRAMEWORK. Chapter 3 outlines our developmental process. As finished products, Situations have many uses including those outlined in chapter 6
. The purpose of this chapter is to explore the generation of novel situations as an activity for teachers and others.

Situations may develop in different ways. We begin this chapter with consideration of contexts in which situations development might be meaningful activity. Then, we turn to sources and means for identifying and articulating prompts and foci. The chapter ends with suggestions for facilitating others’ work in developing situations to enrich their mathematical understandings. In this chapter, anyone involved in the development of a situation is referred to as a developer.

Contexts for Situation Development Activities
Ideal contexts for situation development activities are those in which participants share the goal of developing deeper understanding of mathematics for teaching secondary mathematics over time. Facilitators might be mathematicians or mathematics educators, or some combination thereof. We believe that it is valuable for participants to engage with situations as a user prior to engaging in situation development. Some experience with the format of a situation, recognition of how the mathematical ideas that underpin the various foci differ, and an understanding of the “grain size” of foci can be helpful preparation for developing situations on one’s own.

One context might be a capstone course for undergraduate mathematics or mathematics education majors intending to be middle school or high school mathematics teachers. The specific goals in this setting could be a combination of revisiting secondary school mathematics content and connecting that content to college mathematics. The activity might be framed as a challenge to create one situation for each strand of the secondary school curriculum and to include content from as many college mathematics courses as possible. In this context, the developers’ inquiry through situation development would entail in-depth examination of K–12 mathematics content and connections between K–12 mathematics topics and related collegiate mathematics.

Inservice teachers might engage in situation development as a way to develop their capacity for vertical articulation. With prompts from a middle school context, teachers could be challenged to develop foci that connect to elementary school content, to other middle school content, and to high school and college content. The post-commentary for such situations might then link the ideas of the situation to state and local standards and curriculum materials. In this context, the developers’ inquiry through situation development could center on broader understanding of the scope and sequence of important mathematical ideas across K–12 mathematics, the mathematical understandings required by various standards and curriculum materials, and the mathematical connections between K–12 mathematics and collegiate mathematics.

Groups of student teachers or interns and mentors might engage in developing situations as a way of preparing mathematically for the beginning of a new unit of study. Such experiences could help teachers to become more familiar with the secondary school content of the unit and to develop ability and disposition for connecting their college mathematics to secondary school topics. Mentors would have an opportunity to share the scope and sequence of their school systems and revisit college topics. In this context, the developers’ inquiry through situation development might involve the student teacher and mentor in examination and resolution of mathematical issues that arose in the student teacher’s preliminary planning.

College instructors teaching content courses for teachers could use the activity to develop ideas about how to bring secondary school mathematics applications and connections into college mathematics courses or to make such things more explicit. A secondary benefit could be insights into the extent to which their department course offerings are useful to prospective teachers. In this context, the developers’ inquiry through situation development might be targeted at improving the relevance of collegiate mathematics curricula for prospective middle school and high school teachers.

Another context in which situation development might occur is within the programs of study of mathematics education graduate students. One aspect of preparing mathematics education graduate students as professional development providers or researchers who study professional development is enhancement of their understanding of K–12 mathematics content. Developing situations offers graduate students an opportunity to think deeply about the content of school mathematics curricula from a teacher’s perspective as well as from the perspective of a professional development provider. Groups of graduate students might develop situations in graduate seminars, or graduate students might develop situations independently in consultation with faculty members. In this context, the developers’ inquiry through situation development could involve investigating their own understandings of mathematics content and implications from mathematics education research.

Many other contexts for situation development are possible. Those mentioned here are offered as examples of the range of audiences and goals for which situation development is appropriate. For any of the suggested audiences there might be (at least) two origins of prompts for participant-developed situations. Given prompts supplied by the facilitator (which could arise from an actual classroom situation or be a “manufactured situation”), each participant or small group of participants could develop their own prompts
. Alternatively, participants could generate prompts from their individual experiences or a group of participants might develop prompts from one or more shared classroom incidents.

Turning Events Into Prompts
Situations are based on events that are expressed as prompts. The prompts contain the mathematical motivation—the key mathematical puzzle or issue that captures attention and needs resolution. Creating a situation demands first identifying events and then constructing a prompt that conveys enough of the mathematical motivation but does not cause users to foreclose on a particular mathematical focus. Throughout this chapter we use the Division Involving Zero (see <name appendix/chapter>) situation to exemplify particular ideas.  The situation is available <tell where, hopefully it’s in this volume!>.
Identifying events. The initial step in developing a situation is the identification of an event to serve as a prompt. As noted previously, the mathematical motivation for a situation is a mathematical question, puzzlement, or issue that captures attention and needs resolution. Events that include students’ questions or puzzlement about mathematical issues (e.g., Is 23.5 halfway between 23 and 24?), requests for justification (e.g., Why can’t we divide by zero?), or requests for explanations from teacher or peers (e.g., How are parabolas and graphs of quartic functions different?) can be fruitful for situation development. In addition, for an event to be a “situation-worthy” event, it needs to be rich enough to admit multiple foci. Although some student questions might be fruitful for situation development, other questions might not necessarily be good candidates for situations. For example, questions such as, “Which ones are the alternate-interior angles?” or “Is the x-coordinate the first one or the second one?” are not necessarily indicators of rich, situation-worthy events.
For any of the suggested audiences there might be (at least) two origins of prompts for participant-developed situations. Given prompts supplied by the facilitator (which could arise from an actual classroom situation or be a “manufactured situation”), each participant or small group of participants could develop their own prompts
. Alternatively, participants could generate prompts from their individual experiences or a group of participants might develop prompts from one or more shared classroom incidents.

In our case, the events were incidents that we directly encountered in our teaching experiences or witnessed in other teaching work. Some of these events are similar to experiences that arise frequently. As an example, the prompt for Division Involving Zero (see figure XX or other place) comes from a conversation with prospective teachers but the need to consider division involving 0 and the possible explanations are similar to those typically posed by middle school or high school mathematics students. Prompts based in real-world experiences could have several other sources, such as vignettes from mathematics education courses or teacher education research studies.

If the goal is to address a predetermined area of mathematics, then it might be more efficient, if not necessary, to manufacture the context for the prompt. Such prompts might arise by examining curriculum materials and considering how students might respond to various tasks.

Writing prompts. Once an event has been identified, the prompt needs to be written. The prompt might not be the complete account of a real-world situation but might convey only part of the entire event. By providing only the relevant details, we found the focus was on the mathematics rather than other issues, such as classroom management. On the other hand, longer prompts might help teachers develop the ability to identify mathematical motivations in the complexity of their own classrooms. For example, if the prompt is based on a question posed by a student in a class, the prompt might provide the task on which students were working and the student’s question but not the teacher’s response to the student. The Division Involving Zero prompt mentions three different cases (0/2, 2/0, and 0/0
) in the opening lines but ends with student responses related only to 0/0.

Foci typically are better when they are relatively short. Longer foci tend to blend two or more major mathematical ideas and thus make it more difficult to delve deeply in reasonable amounts of time. Rather than providing a long dialogue or using student wording for explanations, Division Involving Zero presents student ideas about 0/0 as bulleted phrases.
Developing Mathematical Foci
The starting point for developing foci seems to be noting the mathematical motivation in the prompt. Small-group discussion might be useful in helping all team members to understand the key mathematical issue of the prompt. The work of developing mathematical foci involves both determining the mathematical paths to take and articulating them as foci.

Identifying mathematical paths. Several different approaches might be useful in initiating thinking about the mathematical paths that possible foci might take. Perhaps the most natural starting point is having teachers think about what they have done or would do in the prompt context, assuming that they would not avoid or ignore the mathematical motivation! Initial probing questions might ask how the initial reaction is mathematically connected to the prompt. Subsequent questions might then pursue whether the initial reaction is mathematically valid or how the reactions might be mathematically adjusted. In discussing Division Involving Zero, attention might be brought first to the fact that the explanations relate to 0/0. Questions might then ask groups to decide which, if any, of the explanations are mathematically valid.

A different approach to foci development involves looking at the conceptual understanding that underpins the mathematical motivation. One might look at a major concept in the prompt and consider its properties. A focus might be constructed by drawing attention to a property or by using details of the property to reason through the mathematics. A key concept in Division Involving Zero is division. Focus 2 arises from using partitive and quotative meanings of division to analyze ideas in the prompt.

Foci might also arise by analyzing procedures that are involved in a prompt. A focus might evolve by looking at an alternative procedure or by considering the applicability of the procedure in the prompt setting.

Inspirations might also come from mathematics education research. Knowledge of documented misconceptions and ways to challenge them, for example, might be useful in identifying mathematical ideas for foci. Understanding that division can be conceptualized in two ways, partitive division and quotative division as in Focus 2, comes from mathematics education research (<citations here>).

Ideas for foci might arise by asking how mathematical entities in the prompt might be represented in different ways, perhaps through the use of technology. They also could arise by asking how representations in the prompt might be interpreted in multiple ways. Thinking about the mathematical motivation from the prompt through a different representation provides a new venue in which to explore. In Division Involving Zero, the interpretation of “0/0” is interpreted as an indicated division in the prompt and then as a rate in Focus 4.

Articulating ideas as foci. The mathematical essence or main point of a focus should be apparent. It should be captured in one or two sentences. These sentences are important in that they not only provide a tool for determining what needs to be included in a particular focus but also are useful in distinguishing between different foci. For example, the italicized summary statements associated with Focus 2 and Focus 5 in Division Involving Zero make it clear that both are vertical connections. Moreover, these statements suggest that the former connects to ideas from elementary mathematics and the latter connects to college mathematics.

A second feature of foci is their length. We chose to keep our foci concise.  Keeping foci concise has the added benefit of encouraging developers to concentrate on writing mathematical text. In addition, shorter foci are easier to edit for public sharing and might not require as much reading and preparation time during professional development activities. For example, in Division Involving Zero Focus 3, we omit computational details when explaining how different interpretations of the ratios relate to division involving 0.

Guiding Others in the Development of Situations
Situation development is mostly likely best done by groups rather than by individuals. Groups might best vary in their strengths and experiences in both mathematics and teaching so that a broad range of mathematical content from early years through graduate study is collectively available to the group.

Because it is the critical starting point of a situation, the prompt might be provided for initial situation-development activities. The stimulating event might be one that is shared by a member of the development team or one that is an amalgam of the experiences and stories shared by several members of the team.

Supporting development of foci often requires the facilitator to help developers to (at least temporarily) squelch their tendencies to respond to the prompt with a solution rather than an explanation. Similarly, developers might be tempted to explore pedagogical responses rather than mathematical ones
.

Brainstorming foci rather than attempting to write foci might be a useful starting point. To support this process, developers might need a variety of mathematical resources, such as access to quality web sites and classic books, to check details and confirm or fill in their memories or tentative ideas.
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NOTE: Using “Situations” with capital S to denote our general collection of existing situations.





Question for authors of other chapters: Should the order of chapters 5 and 6 be reversed? Although development comes before use for a situation, it seems that use of existing situations would preceded development of novel situations. 





�We could go with prompt development here as a way to lead into the idea of turning prompts.  Does the source of prompts belong in the Turning Events Into Prompts section (see piece marked with ####)?


GB: I like the wording you included here. Should we allow others to weigh in on whether it’s better here or better later (at ####)?


RZ: Jim and others, what do you think?





�#### Question for authors of other chapters: Would this be a better place for this description of potential origins of prompts?  (This note is a follow-up from an earlier comment box that marks an alternative placement for the paragraph.)


�


Note: Instances of 0/0 would be replaced by the vertical format when/if we are sure we will need them.





�Note to share with author of other chapters:  I presume that we will convey earlier in the book the difficulty of crafting a pedagogical response without knowing the students for whom it is intended and our choice not to “go down the path of pedagogy” in the foci.


�


Question for authors of other chapters: Do we include references in each chapter, even if they duplicate references that appear in other chapters?


�


Note: If we include this sampler, then the preceding five references are cited in there, too.





