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Abstract

In this workshop we present an innovative teachiegrning and research setting that engages
beginning teachers in mathematical inquiry as theyestigate, represent and connect
mathematical ideas through mathematical conversate@asoning and argument. This workshop
connects to the themes of teacher preparationesmuthing through problem solving. Drawing on
new paradigms to think about teaching and learnimgorient our work within complexity theory
(Davis & Sumara, 2006; Holland, 1998; Johnson, 20@aturana & Varela, 1987; Varela,
Thompson & Rosch, 1991) to understand teachingjlegras a complex iterative process
through which opportunities for learning arise ofilynamic interactions. Varela, Thompson and
Rosch, (1991) use the term co-emergence to unddrbtaw the individual and the environment
inform each other and are “bound together in recigk specification and selection” (p.174). In
particular we are interested in the conditions @rable the co-emergence of teaching|learning
collectives that support the generation of new metical and pedagogical ideas and understandings.
The setting is a one-week summer math program iegifpr prospective elementary teachers to
deepen particular mathematical concepts taughleimantary school. The program is facilitated
by recently graduated secondary mathematics temctoemprovide them an opportunity to
experience mathematics teaching|learning through problems. The data collected include
guestionnaires, interviews, and video recordings. @&nalyses show that many a-ha moments of
mathematical and pedagogical insight are experéeige both groups as they work together
throughout the week.

In this workshop we will actively engage the audirnn an exploration of the mathematics
problems that we pose in this unique teaching|iegranvironment. We will present our data on
the participants’ mathematical and pedagogical aesps and open a discussion of the
implications of our work.

Introduction

A recent body of research on the teacher’'s rolehendevelopment of learners’ mathematical
understanding (Ball, 2003; Ball & Bass, 2002; BalEven, 2004; Boaler, 2002) has revealed
that teaching through inquiry poses substantiallemges for teachers. For elementary teachers,
the research suggests that they lack sufficieniviedge of mathematics to effectively implement
inquiry-oriented mathematics programs (Ball, 198890; Ball, Lubienski & Mewborn, 2001).
For secondary teachers, while they are more likelyhave a background in mathematics,
concerns exist about the procedural nature of tmeathematics knowledge, and their
inexperience in inquiry settings (Stigler & Hiehel®99). To complicate matters, few curricula
are organized around meaningful problems. Amongékearch literature, some studies suggest
that once teachers have experienced learning nethematics through inquiry-oriented
pedagogies, they start to incorporate the usewastigation and open-ended problem solving in
their own teaching (Makar & Confrey, 2004; Shifté@98). Other researchers report that it is
possible for teachers to deepen their understandfingathematics and mathematics teaching
through the activity of teaching itself (Hill & Bal2004; Ma, 1999; Segall, 2001). It has also
been reported that when teachers engage in meahiogflaboration with other teaching
colleagues, they demonstrate increased mathemktioalledge and more effective mathematics
teaching (Crespo, 2006; Lachance & Confrey, 2008jnS Silver, & Smith, 1998; Wilcox,
Schram, Lappan, & Lanier, 1991).

There are, however, a number of research studigshveluggest that even when teachers have
had some inquiry-oriented learning experiences acichowledge this approach as supporting
their mathematics learning, there remain visiblesitens between inquiry-oriented and more
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traditional approaches to teaching mathematicsv&raSuurtamm, & Benton, 2005; Hart, 2004;
Jacobs, Hiebert, Givvin, Hollingsworth, Garnier,VEearne, 2006). This is not surprising given
that the changes that are being asked of teachersmather easy nor straightforward. The
movement from established practices of teachinghviraditionally include a great deal of direct
instruction to an inquiry approach that requires ititeractions between teachers and learners be
more dialogic, challenges teachers’ beliefs anduedds about learning, and what constitutes
mathematics (Stein, Silver, & Smith, 1998; SuurtaB@raves, 2007). With respect to teaching,
these challenges are revealed when teachers srtmglecide when to explain, when to listen,
and how much time to leave for ideas to emerge.\WWhey worry about what question to ask
next, we hear in their discourse familiar metaphafrdinearity that underlie many established
educational perspectives.

Theoretical framework

We orient our work within complexity theory (Daws Simmt, 2003, 2006; Davis & Sumara,
2006; Holland, 1998; Johnson, 2001; Maturana & V&r&987; Varela, Thompson & Rosch,
1991) with respect to how we conceptualize and lentgaching|learning situations. Educational
research on knowledge and learning that is oriefeccomplexity science focuses on the
dynamic interactions emerging from diversity andiation, and suggests the value of viewing
the interactions of teachers and learners as agamitid co-emergent learning systems. From this
perspective we resist viewing teaching and learrasgseparate entities and prefer to see
teaching|learning as a mutually constitutive dymaprocess in which the teacher is also the
learner, and the learner is also the teacher. ¥afédlompson and Rosch, (1991) use the term co-
emergence to understand how the individual andethgronment inform each other and are
“bound together in reciprocal specification andestbn” (p.174). In particular we are interested
in the conditions that enable the co-emergencearhing collectives that support the generation
of new mathematical and pedagogical ideas and stahelings. In addition, complexity theory
provides models and metaphors of non-linearity ktiedyp us argue against the linear sequence of
prescribing the next step which is so deeply estred in educational practice. In non-linear
terms next steps are always contingent and co-emerghis is the case not only in how we
understand the teaching|learning dynamic but reflear own research process. While we begin
with specific research questions and a researclyrdese do not ignore emergent themes,
participants or issues, but rather incorporatedlie® our study as they evolve with the research
context.

The study

This research study began in August 2004 and is inoitg sixth year. Each year of the study
begins with a one-week summer mathematics progmnprospective elementary teachers to
deepen particular mathematical concepts taughementary school. The facilitators in this one-
week program are recently graduated secondary maties teachers. Our objectives are
twofold: to enable prospective elementary teach®enhance their view of mathematics before
they begin their teacher education program; amatdwide beginning secondary math teachers an
opportunity to teach mathematics through rich protd and inquiry. During five days, the
prospective teachers have many opportunities toeéraenthemselves in mathematical discussion
and argumentation as they work on interesting grobl and share solutions, strategies, and
representations. They engage with a variety of nas$e including manipulatives and
technological tools in order to explore mathemétideas in numerous contexts, both within and
outside the classroom. During the five days thelifairs actively participate in the inquiry
process as they pose problems, provide encourageristen attentively and respond to
mathematical ideas. In this way, the summer matbgnam provides a teaching|learning
experience in which prospective elementary teacheas expand their mathematical
understanding and beginning secondary math teadm&ve the opportunity to experience
engaging learners in mathematical inquiry.
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Who are the prospective elementary teachénsour recruitment invitation we state that “Many
prospective elementary teachers confess to anamiyt doing and teaching math” and we invite
them to join us in “a series of meaningful mathiéiiés in a convivial and supportive learning
environment, [to] develop a better understandinthefmathematics that [they] will be teaching.”
Each year we accommodate 75 participants, the iyajufr whom either express that they are
anxious about math or that they have forgottennever understood their previous school
mathematics. There are also a small number whgadtoe invitation because they enjoy doing
mathematics and welcome the opportunity to do more.

We collect data from the prospective teachers dutie one-week program and throughout their
teacher education program by means of questiomairel focus group interviews. Our focus is
on how their mathematical understandings as weteis attitudes and beliefs about mathematics
and mathematics learning become transformed ierdifit settings.

Who are the beginning secondary math teachdrs the spring prior to the summer math
program, we invite teacher candidates currentlggnondary math to apply for the position of
facilitator for the summer program. We receive agpnately 20 — 25 applications each year, and
we personally interview all applicants. We chooseilitators based on their expertise in
mathematics, their openness and enthusiasm to thbdut mathematics and mathematics
teaching and learning in different ways, and tleeinviction that mathematics is something that
everyone can learn.

We begin our work with the facilitators during tiveek before the summer math program to
collaboratively explore the mathematics in a numbferich problems and to prepare for the
upcoming week. Facilitators come to the preparatieek with a variety of expectation about
what this teaching experience will be like. An imamt goal during this week is to begin a
discussion and exploration of what it means tolifa@ mathematics learning in a meaningful
way and to think about posing problems, and listgnio solutions rather than telling and
explaining. The data collected during the preparatveek include daily journals, and video-
recordings of their work together. During the wexdkthe summer program we meet with the
facilitators for debriefing sessions at the enagdach day. This provides all of us the opportunity
to listen to everyone's experiences, engage furthemathematical investigations, and to
understand how their views of mathematics and madlties teaching|learning are evolving. The
data collected during this week consist of dailyrimls and video-recordings of the de-briefing
sessions.

Workshop format

In this workshop we will describe the summer matbgpam and our research framework and
will actively engage the audience in an exploratibthe mathematics problems that we pose in
this unique teachingl|learning environment. In tbisitext we hope to develop a substantial
discussion around the nature of rich problems dbagethe nature of problem posing. We will
then share our data on the participants’ mathealatind pedagogical responses to these
problems and open a discussion of the implicatafraur work.
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