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Abstract

Complexity thinking provides a unique perspective on classroom interactions, student engagement and
classroom management as well as insight into innovative pedagogies for teachers in the elementary
mathematics classroom. A novel meeting strategy for classroom organization offers teachers the
opportunity to observe complexity in action and to promote student participation through mathematical
conversations thereby building the learning community and fostering the discourse of mathematics. The
intervention of mathematical conversations created conditions for complexity in an elementary classroom
and provided qualitative data for analysis. Transcripts and classroom mapping showed increased student
engagement with students afforded more freedom, mobility and choice to host or participate in
small-group conversations. An analytic framework indicated three types of conversations emerging:
sharing information, building knowledge and exploring possibilities as well as instances of blocking
behavior. Findings suggest possibilities for building student capacity for conversation skills, disciplinary
integration and differentiating learning significantly for students.
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1. Introduction

That chaos and complexity theories are being used to interpret classroom and the
human dynamics of teaching and learning suggests fidelity of these theories for
significantly changing the way we come to know and shape our world. (Fleener,
2009)

William Doll’s book, A Post-modern perspective on curriculum (1993) challenged traditional approaches to curriculum
development and classroom instruction and opened the door for educators to re-examine their practice in light of
complexity (Davis, Smith & Leflore, 2008; Davis & Sumara, 2006; Doll, 2012; Fleener, 2002; Kieren, 2003). In what
has become a classic of complexity thinking literature, Doll laid down a theoretical foundation for understanding the
principles of chaos and complexity in teaching and learning. His earlier research study (1989) in a middle school
mathematics classroom introduced complexity thinking to educators with a teacher’s perspective on a complex system
in action. The research allowed students flexibility in their intellectual and social organization to solve mathematical
problems in their own way and in their own time. While randomness, unpredictability, and chaos were evident, Doll
also noted a new type of order emerging, one he described as, “progressive, constructive, personal, and interactive” (p.
66). One critical finding in this classroom research showed that:

The entwining of chaos with order occurs universally and can be seen in all student
learning. Self-organization is a feature of all nature, and certainly evident in students’
developing their own creative powers. To see how complexity can emerge from
simplicity requires only that we study and teach our subjects — at any level — with
depth, not superficially (Doll, 1989, pp. 69-70).

This inspired me to pursue my own mathematics classroom research and to find simple methodologies that would
promote interactivity, accountability and creativity among students, allowing complexity in the classroom to emerge.

Author and consultant, Harrison Owen (1997) provided me with an example of one such methodology, which he calls
Open Space Technology (OST). OST, which I describe in full detail below, evolved as Owen introduced circle
conversations to groups looking to self-organize pragmatically around common issues. He described OST, first, as a
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means of increasing meaningful communication and, second, as a way to build on existing networks within an
organization. He also described OST as complexity thinking in action (2000). Bringing OST to the mathematics
classroom was an opportunity to observe complexity in an educational context and, specifically, for students engaging
in mathematics. My research asked: How might OST promote student participation to build learning communities that
foster the discourse of mathematics?

As a former elementary teacher and now, as a researcher in mathematics education, I focus primarily on those
instructional strategies that create vibrant learning opportunities for students and afford them significant opportunity to
express their understanding in ways most meaningful for them. The circle conversation is one such methodology that
supports students’ communication of mathematical understanding, their participation in collaborative problem-solving
and mathematical thinking. In this article, I first provide an overview of the theoretical perspective of complexity
thinking in education through an imagined circle conversation among key thinkers in this field. I then introduce the
OST methodology as an expression of complexity thinking in action, together with the tools and adaptations I devised
to support implementation of OST in an elementary classroom. I conclude with a summary of findings and implications
from the research study to make this methodology accessible to teachers and researchers who wish to join the
conversation around complexity thinking in education.

2. An overview of Complexity Thinking in Education

The conversation that ensues is an imagined series of conversation circles of select key thinkers in complexity thinking.
Among them are Steven Johnson, Scott Camazine, Warren Weaver, Margaret Wheatley, Albert-Laszl6 Barabasi,
Melanie Mitchell, Fritjof Capra, and Stuart Kauffman. Johnson opens my imagined conversation with a brief summary
of his findings regarding the phenomenon of complex adaptive systems as they exist in nature.

2.1 First Circle Conversation in Complexity

Steven Johnson: It’s official! We have a best-selling book in complexity thinking and I can thank each of you for
helping me pull it together. It’s called, Emergence: The connected lives of ants, brains, cities, and software, (2001) and
it offers my observations of natural systems. | described the complexity of the ant colony behaviorally as the, seemingly,
chaotic exchanges and interactions between ants. The emergent colony is unachievable by any single ant acting alone,
regardless of effort or skill. The collective, working ‘chaotically’ however, is capable of producing a complex system. I
found close observation of ants, for example, to reveal individual ants adhering to simple rules of interaction with a
small number of ants based on their acute sense of smell rather than their poor sense of vision.

Scott Camazine: I observed something similar in birds flocking (2003). Coordinated flocking appears to rely on three
simple rules for maintaining separation, alignment, and cohesion among flock-mates: steer to avoid crowding or
colliding with nearby birds; maintain the average heading of nearby birds; and move toward the average position of
nearby birds. As I explained in my research, “Despite their simplicity and the local range of their immediate effects, the
rules and their actions on the subunits give rise to the spontaneous emergence of pattern, order, and structure on a global,
system-wide scale” (p. 36).

Johnson: I phrased it somewhat differently when I wrote about a colony created through “a system with multiple agents
dynamically interacting in multiple ways, following local rules and oblivious to any higher-level instructions” (p. 19).
Intriguingly, order emerges from apparent chaos and so one might well wonder: What drives ants to interact in this way?
What are the local rules that each ant must adopt to create a colony? Or, how best to describe such natural phenomena?

Warren Weaver: Great questions! Let me see if I can give you some insight and clarify this phenomenon of emergence
as you have observed it with ants and birds. I was thrilled to be one of the first researchers to describe complexity for
the scientific community (1948) and articulated for many a hot debate running at the time. On the one hand, we have
scientists taking the perspective that all things are reducible to their component parts for analysis and on the other, some
researchers, particularly in the social sciences, holding that incremental changes in systems can lead to far-reaching,
qualitative changes that are different from, and irreducible to, their parts (Stanley, 2009). We saw this as the New
Science though many researchers studying complex systems in the natural sciences and social sciences bestowed
different names on the subject, including Chaos Theory, Non-linear dynamics, The New Science, and Complexity
Theory (Gleick, 1987; Prigogine & Stengers, 1984; Waldrop, 1992).

Me: Aristotle’s aphorism: the whole is greater than the sum of its parts, sums this up nicely.

Weaver: Yes! In Education, some researchers have adopted the term complexity thinking to describe this complex
phenomenon and the possibility of collective wisdom (Surowiecki, 2004) from school systems to classroom settings and
the individuals that gather there.
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Margaret Wheatley: We’ve been speaking of relationships among individuals of a complex system in our research
(Wheatley & Kellner-Rogers, 1999) to describe possibilities for organizations to restructure into more meaningful and
productive entities. This could be termed emergence, though I described it as, “The surprising capacity we discover
only when we join together” (p. 67). Here, let me draw you a quick diagram that Cross, Parker and Sasson used to
illustrate what | mean. The diagrams below show, on the left, an organization chart which represents the organization’s
reporting structure. On the right is a map created to show how the information exchanges flow within the same
organization.
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Figure 1: How work is organized (source — Cross, Parker & Sasson, 2003, p. 6)

Clearly, one employee, Cole, while close to the bottom of the hierarchy, attracts more energy in the network than others,
including Jones. As Senior VP, Jones sits atop the chain of command though, in reality, only holds two meaningful
connections, including one with the network’s main attractor. It is his connection with Cole, not his position on the
organizational chart, which links him to the network in a meaningful way. The network map illustrates how work really
gets done in this system, in contrast to how reporting lines run.

Albert-Laszl6 Barabasi: I'm not surprised. This is consistent with our research into social networks and the
interconnected nature of our human existence (2003). They even made a movie about our work! Remember Six degrees
of separation? (Kidney & Schepisi, 1993). Our work prompted people to talk about connections, relationships and how
networks emerge, often from very simple rules of engagement. In studying the connectedness of the World Wide Web, for
example, we used the term “scale-free network” (p. 70) to distinguish it from a more evenly distributed or random
network. In the scale-free network, we observed nodes or hubs with significantly more connections than others, very
similar to the diagram showing how work really gets done.

Melanie Mitchell: My research into networks (2009) built on this and looked at differently organized systems. First, the
centralized network, like in the organizational chart example, demonstrates a highly efficient flow of information, yet, it
is vulnerable to frequent breakdown given the ‘one-way’ links between nodes in the system. Second, we examined a
modified system that distributes more links more evenly among its nodes in order to strengthen it, as some nodes could
be removed without affecting the entire system. However, in this case, the distributed system was no longer efficient
given the lengths that information needed to travel from node to node. Thirdly, we proposed a more efficient and
sustainable network in a decentralized system whereby sufficient nodes remain well linked but not over-connected. This
maintained the viability of the network even if some nodes were removed or functioned poorly (Baran, 1964, Davis &
Sumara, 20006). I think a diagram of each would clarify our research.
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Figure 2. Centralized, decentralized and distributed networks (Baran, 1964; Davis & Sumara, 2006)

Camazine: Imagine a world without supervisors, administrators, and managers, and many people would imagine sheer
chaos!

Mitchell: Indeed. Nevertheless, without centralized control, self-organization in nature is efficient, economical, and
ubiquitous. It is one of the least known, yet most powerful, devices for achieving pattern and order in the world.

Me: This is an important feature of complexity for educators to consider. How might teachers build on the concept of
networks and viability of a system, without overly centralizing control or distributing to the point of too much
inefficiency? The decentralized option allows for both autonomy and shared connections. Further exploration of these
facets of complexity thinking in the classroom is needed, as many observations of the natural world or in business
networks are specific to their environment and particular to their unique conditions. Research in the classroom with its
multifaceted dimensions may encounter new or different possibilities from these studies.

Capra: Let’s go back to the issue of self-organization for a minute as it may provide some insight into the dynamics of
the classroom. For me, the ability of a system to self-organize rests on the nature of the relationships and
interdependence of psychological, biological, physical, social, and cultural phenomena within that system. Thats why I
wrote my well-known book, The Web of life (1996), to explain these interrelationships and my systems view of life. I
tried to bring together the work of many thinkers exploring living systems and asked them to shift their research focus
from the objects they study to the relationships that develop among the objects. As I wrote, “In the systems view we
realize that the objects themselves are networks of relationships, embedded in larger networks. For the system thinker
the relationships are primary” (p. 37). Complexity thinkers must consider not only the objects within a system, but how
they are connected within the system, how their interactions form networks, and, most broadly, how networks form
relationships with other networks.

Me: Your perspective prompts me to consider a shift in the traditional research focus from the individual students and
teacher in the classroom toward a more systemic view of the classroom as a network of student-student and
student-teacher relationships (Bai & Banack, 2006). In any classroom there are a variety of networks interacting with
each other to create the entire learning system. This theoretical focus prompts teachers and researchers to pay close
attention to such networks as they arise in classroom activity. It also raises important questions about these relationships:
What networks, if any, will form in the classroom? How do student-student interactions and student-teacher interactions
change over time? And, in what ways do various networks interact within the complex learning system of the
classroom?

Capra: Yes. My observations of living systems suggest that there exists for all members of the system a mutual
dependence or interdependence on the others in order to remain viable. Without interdependence the system would
become unsustainable and die. We must consider carefully the interdependence of relationships in our efforts to
understand the living system for, “A sustainable human community is aware of the multiple relationships among its
members. Nourishing the community means nourishing those relationships” (p. 298).

Me: Clarifying in what ways this nourishment manifests itself, if at all, in the classroom may provide insights for future
research in education.

Stuart Kauffman: I’d like to jump in here too, if I may? Our research in complexity (1993) brings to light other key
facets that need our attention if we are to understand more fully the sustainability and viability of a complex system;
namely, adaptation and the edge of chaos.
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Capra: We’ve always talked about how nature seeks equilibrium to create order from chaos, haven’t we?

Kauffman: Yes, and the edge of chaos became important to us as we began to consider in what ways a system might
adapt to maintain viability during periods of order and chaos. A system demonstrating too much order does not hold
enough variety or diversity to adapt and therefore sustain itself, while a system with too much disorder or chaos will
quickly break down from too much ‘noise’ thus limiting opportunities for adaptation as well. What is required then for a
sustainable system is just enough order and just enough chaos to promote viable adaptations that enable it to exist ‘on
the edge’ between the two. Our scientists used the term edge of chaos (1995, p. 27) to describe water molecules in
transition from a solid state, to a liquid and finally to a gas as temperature increases. The edge of chaos denotes the
boundaries from one phase transition to another as molecules adapt to a new state. We have also observed adaptive
behavior and phase transitions in living systems as they function between order and chaos, on the edge as it were, to
maintain their evolutionary ‘fit’ for survival and viability in times of change.

Me: The edge of chaos metaphor is particularly apt, in an educational sense, for school systems like the classroom, and
for epistemological perspectives concerning the general nature of knowing and learning. For the learner, edge of chaos
denotes the boundary between previously held knowledge and belief constructed through experience, and what is yet
unknown. Learning, through the lens of complexity thinking, denotes the transition between the two states as students
adapt and change with new understandings. Too much order stifles the construction of new knowledge, since the system
requires no adaptation to the unknown; just as too much chaos inhibits connectivity. Potentially, students learn during
the transitions between order and chaos: they adapt prior knowledge to new experiences mediated by peer interaction.

Kauffman: The relationships and interactions among individuals within a complex system are not rigidly set in place but
rather change and are modified as needs arise. To function otherwise would result in strict and inflexible bonds,
incapable of modification, and likely resulting in complete collapse of the system.

Me: So, opportunities for adaptation become a complex system’s fundamental strategy for survival as changes within
the system create transformative possibilities for emergence. In the classroom, emergence denotes a shift in previously
accepted ways of knowing and being. I’d like to invite a number of scholars who are also undertaking research in
education to join our circle and continue the conversation with their insights into the educational possibilities of
complexity.

2.2 Second circle conversation in complexity and education

We are joined by a group of educators, Brent Davis, Dennis Sumara, Sarah Smitherman-Pratt, Harrison Owen and Chris
Corrigan, that seek ways to facilitate emergence and promote complexity thinking in schools. Capra interjects abruptly.

Capra: Wait a minute. We found that applications of complexity thinking first arose in business and related professional
studies on organizational development, leadership, and change management. Consider Baskin, (2005), Olson & Eoyang,
(2001), and Senge et al., (2000) just to name a few. Now you’re telling me the teachers are into this?

Brent Davis: Absolutely. Educators are excited about the possibilities of understanding their work in complexity
thinking terms. Many teachers seek integrated, cross-curricular innovations for teaching so why not embrace the same
philosophy in our research into educational phenomena?

Capra: Yes, but wasn’t it Yorks & Nicolaides who said, “Complex systems are characteristically dynamic and usually
annoyingly unpredictable, anathema to outcome addicted organizational mind-sets and practices?” (2006, p. 145).
Certainly school systems would fall into this latter category, would they not?

Davis: Consider the current focus in education on linear-based curriculum outcomes and models of standardized testing,
which confirm or negate students’ achievement and learning in various disconnected disciplines. Complexity thinking
provides an entirely different way of observing complex phenomena like education and learning (Davis & Sumara,
2005). In complexity thinking terms, the dynamic nature of the classroom, to paraphrase Radford (2006), describes an
interconnected, complex system of changing and adapting relationships that seeks viability through self-organization.
We are a long way from a static, linear view of the classroom where organizational structures (i.e., hierarchical
structures, scheduling demands, isolated curricula, etc.) maintain centralized control over others and inhibit collective,
creative possibilities.

Dennis Sumara: Maturana & Varela talked about knowledge in complexity thinking terms as well. They highlighted
action or, more specifically, interaction in the generation of emergent knowledge when they said, “All doing is knowing
and all knowing is doing” (1987, p. 26). Their term, enaction, recalls the necessary action involved in shaping our
experiences and knowledge.

Me: So it is through student-student interaction that collective knowledge emerges?
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Davis: Exactly. Well, at least that’s what our data shows may be happening. We coined a new term for our research,
knowledge-as-(inter)-action (Davis & Sumara, 1997, p. 110) to focus attention on the collective and their efforts to
nurture emerging understandings through conversation and shared action. Subsequent research suggested that making
ineffective distinctions between learner-centered and teacher-centered teaching approaches might hamper development
of a more knowledge-centered pedagogy that views the learner in the collective and mathematical knowledge arising in
interaction (Davis & Simmt, 2003).

Me: Knowledge-as-(inter)-action recalls the exchange of ideas, questions and resources that occurs through OST too.

Davis: Complexity thinking asks educators to avoid notions of causality and effect in their teaching, which presumes
one might be able to cause emergence in the classroom. Rather, complexivists tend to think in terms of occasioning
emergence; that is, providing the conditions necessary to sustain the complex system. Complexity thinking, then, asks
teachers to avoid planning what will happen in their classroom and occasion what might happen if the appropriate
conditions were available.

Me: The intent of OST is to create those minimum conditions for complex activity to arise and so, potentially, occasion
emergence, notwithstanding the complicity of the researcher (Kincheloe & Berry, 2004) who has introduced this
methodology in the classroom.

Davis: We have found complexity’s minimum conditions critical as well. Let me describe briefly the five conditions our
research has shown may increase the probability of emergence for students:

1. Internal diversity — each member brings unique perspective and concerns to the collective as
members contribute in diverse ways to the community;

2. Redundancy — sufficient commonalities of experience, background, etc. provide for a common
sense of purpose for the community;

3. Decentralized control — no one in particular directs in the system, the collective emerges;

4. Organized randomness —minimum principles for group dynamics, also known as enabling or
liberating constraints (Davis, Sumara & Luce-Kapler, 2000), determine boundaries of
activity without limiting possibilities; and,

5. Neighbor interactions — the ideas and words of students must mingle and mix through
exchanges and conversation with each other (Davis & Simmt, 2003).

Me: This is useful with respect to my OST intervention. Acknowledging the internal diversity and redundancy of the
classroom is key to appreciating more fully the dynamics of the classroom. Notwithstanding the obvious importance of
the teacher’s role in the classroom (Herbel-Eisenmann & Cirillo, 2009; Nathan & Knuth, 2003; Pierson & Whitacre
2010), decentralized control becomes an essential pedagogical shift in my research with the teacher and researcher
present but neither leading. In OST, organized randomness takes the form of four principles and one Law of Mobility.
These provide liberating constraints: enough structure to guide but enough freedom to create possibilities as students
engage with their chosen topics. And, with this freedom to move about the space, opportunities for neighbor
interactions arise as ideas come together in conversation.

Sarah Smitherman-Pratt: I, along with others (Dalke & McCormack, 2013; Kiefer, 2006), also provide descriptions of
the classroom in complexity terms. Specifically, I set out to understand more fully the complex conversations that I saw
emerging in my methods courses (2006). By observing complex conversations, I hoped to show that the sharing of
differences, multiple perspectives, and authentic questions give rise to new ways of knowing, “where ideas do not
converge or diverge but co-emerge” (p. 167).

Me: I take this work into the elementary school to observe how OST might foster such complex conversations with
children and interrupt previously held notions about the role of the teacher and of the students. Atkins (1997) adopted a
non-traditional approach to mathematics instruction and problematized conversations in her classroom as proofs and
refutations (Lakatos, 1976). Atkins’ findings suggested that student conversation may contribute to the development of
collective mathematical knowledge; although, even as her approach models many OST aspects, her analysis of the
classroom event provided only a glimpse of the students’ participation in the discourse of mathematics.

Harrison Owen: My work with organizations often showed that rigid, hierarchical structures stifled creativity and
innovation. When people voluntarily come together, within an invitational space that forms around minimal conditions,
meaningful exchanges occur in conversation, laying the foundation for creative possibilities.

Davis: Set in an educational context, this conversation, for me, is distinct from discussion. As I wrote:

Quite unlike the discussion, then, the conversation is fluid, meandering its way toward a
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destination that is not specific, but that will be commonly known. That the destination is
unspecified and unanticipated is the strength of the conversation, for, by being unconcerned with
reaching a particular point (i.e., relinquishing the modernist desire for control)—by allowing the
path to be laid down in walking—the participants are able to listen to the particularities that
shape that path. The goal of the participants in a discussion, much in contrast, is often to remain
rigidly in place, to be unswayed (1996, pp. 27-28).

In this way, as Smitherman (2006) concurred, conversation implies a way of being with others who come together to
listen, share and consider ideas.

Me: An OST approach in education could promote such a conversation. With practice in generating meaningful
exchanges (Seedhouse, 2010), students may clarify or advance their conceptual understanding of mathematics.

Owen: The goal of OST is emergence leading to convergence. If emergence (i.e., new ways of thinking, or, in essence,
learning) happens when people within the system experience meaningful exchanges or exchanges of value then this
may become an effective approach in schools. If such emergence leads to convergence (i.e., changes to the system itself
through adaptation and self-organization) then such transformational education and innovation could benefit all
learners.

Me: This is the challenge for the elementary mathematics classroom teacher: to promote an environment that allows for
meaningful exchanges that are sufficiently strong yet not so strong as to limit the opportunities for learning (Newell,
2008).

Corrigan: My facilitation of OST with adults led me to consider the applicability of using the methodology in children’s
education. At this point, [ am only able to contribute to a theoretical discussion (2002) as I did not extend this to the
practice level. However, I might offer insights into students’ empowerment in holding the space for their own learning
to allow creativity and freedom to emerge. As I said, “Power is not meted out like a ration, but rather is left for people to
take as little or as much as they want.... This is true empowerment, because participants are invited to become
empowered to the extent that they wish” (p. 2). I caution OST facilitators about freedom shock or the state of anxiety
that comes from experiencing unprecedented amounts of freedom, choice, and responsibility in participants who may
have never felt freedom in this way (p. 3).

Me: Thank you all for your contributions to this conversation. Your overview of complexity in education and in action
through OST suggests a need for further inquiry and research. Sfard (2008) encouraged researchers to accept “a
patchwork of metaphors rather than a unified, homogeneous theory of learning” (p. 12) in their work. Complexity
thinking offers a compelling lens through which to view classroom research. I am not aware of previous research using
OST in the classroom. OST may provide the methodology for this student interaction and for meaningful exchanges to
arise.

3. The OST Methodology as an Expression of Complexity Thinking in Action

Research clearly asserts that conversations are critical to ensure students make sense of and clarify their understandings
in mathematics (Smitherman-Pratt, 2009). Perhaps less clear for teachers is how best to promote mathematical discourse
and facilitate students in mathematical thinking through peer-to-peer interaction and talk. While complexity thinking
offers a unique perspective for educational researchers to view classrooms and schools, appropriate methods and tools
are not yet universally developed, as Davis & Sumara caution, “Complexity thinking explicates, (for example), the
importance of neighbor interactions, but offers little generalizable advice on means to accomplish the meeting and
blending of ideas” (2006, p. 143).

OST offers teachers a methodology that they can incorporate in their approach to mathematics education. It empowers
students to become active participants in their own learning while the reduced role of authority, found traditionally in
the teacher, becomes a shared responsibility among the students. OST places the onus on students to self-organize
around topics they feel are important to discuss and so warrant fuller and prolonged engagement. OST also ensures that
all students are given full choice over their actions and full accountability for their learning so the issue of compliance
becomes irrelevant, as the system accommodates all degrees of participation. Therefore, there is no need to opt out or
remove oneself entirely from the system.

3.1 Setting Up OST in the Classroom

The OST space contrasts significantly with what students view as the conventional look of the classroom. Classrooms
need enough space for a circle of chairs (one for every participant). All other furniture is removed, if possible. Ideally,
the classroom is large enough to create other smaller circles of chairs for breakout conversations (Figure 3).
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Figure 3. Classroom set-up for OST

This is the physical open space that allows for student movement. The open space permits fluidity of thought as ideas
literally bump into one other (Davis & Sumara, 2006) as neighbor interactions increase. The phenomenon of
self-organization emerges as students come together and share this common space of learning. The teacher, now
facilitator, holds space for self-organization and does not direct or instruct those within it. To begin, all participants sit
in the large circle, while the facilitator welcomes everyone and highlights the key theme for the session. Owen describes
the circle as “the fundamental geometry of open human communication” (1997, p. 5). The circle removes the traditional
focus of authority from the head of the room. Sitting in the circle on chairs without tables or desks allows people to see
each other face-to-face, underscoring that everyone holds power around the circle and participation is open to all
(Mirsky, 2014). As Owen states, “When everybody, no matter their rank or position, sits on the same level, eye-to-eye,
with nothing in the way, an extraordinary powerful statement is made about equality of participation, and the conditions
for a truly collaborative effort are created” (1997, p. 70).

3.2 The Four Principles

Owen suggests four principles descriptive of the way things work in open space. As Owen states they are important
“...but never to be taken with total seriousness” (1997, p. 95). The first principle of OST is: Whoever comes is the right
person. It is not necessary to have many people join a conversation, just those people who care the most about that
particular topic. Even if only one person comes, it provides an opportunity for one person to focus their thinking and
writing on the issue. The second principle of OST also underscores this self-organization: Whatever happens is the only
thing that could have. Students let go of expectations and work with whatever unfolds in a space that is intentionally not
teacher-directed; becoming, in complexity terms, a collective, knowledge-centered system of learners. The freedom
encouraged within the OST space energizes students, creating the conditions for engagement (and fun) with the topic at
hand, rather than disengaging or becoming unfocused.

Two other OST principles complete the simple rules of engagement to provide an orientation conducive to exploration,
often leading to unexpected results, or a deep simplicity (Everett, 2011) of understanding. These are: Whenever it starts
is the right time and When its over, its over. These serve as reminders that creativity does not happen on a schedule and
allows everyone to enjoy the flexibility of relaxed time constraints. Moreover, if a group finds a solution, exhausts
efforts to sustain conversation or, reaches a conclusion in a short time, students are free to move on to the next group; if
it takes longer, people keep talking as others join in and/or leave independently (Heft, 2005).

3.3 The One Law

OST offers students free choice and accountability in learning. The Law of Mobility reminds participants that if they are
neither learning nor contributing to a group, they must leave and join a session in progress where they feel more useful
and inspired or not (Corrigan, 2002). In practical terms, Owen states that the law reminds people, “Don’t waste time!”
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(1997). The Law of Mobility sits at the heart of OST: participants can enter or leave a conversation when and if they
choose; thereby, taking full responsibility for their own contributions and learning. Consequently, OST reduces the
likelihood of an individual or particular interest from exerting control or dominating a group as people are always free
to leave and find a place where their voice can be heard (O’Connor, 2005). The OST facilitator posts the four principles
and one law for all to see and reviews them during the opening circle.

3.4 The Structural Flow

The OST design has three phases. First, from the opening circle, individuals voluntarily create an agenda by posting a
topic of interest on a community bulletin board, noting a meeting time and a place to convene the conversation. There is
no limit to the number of topics that may be posted; however, the facilitator asks that those posting topics be passionate
enough about the topic to host a conversation about it. Then, the remaining participants sign up to work on the issues
that are of most interest to them. This self-organization invites people to choose where they would most like to
contribute while asking them to self-monitor their engagement through the Law of Mobility. Movement to another
conversation is encouraged to ensure students continue to learn or contribute. Participants who choose not to join a
conversation immediately become, in Owen’s terms, Butterflies and Bumblebees. Owen described Butterflies as
“centers of non-action” (1997, p. 100); yet, their mobility speaks to actions like moving through the space, listening in
on conversations, and sharing energy with a group albeit non-verbally. These participants, much like the social butterfly
may visit many small groups, choosing to remain on the periphery of the conversations and to make occasional
contributions. Bumblebees, on the other hand, like their namesakes in nature, are participants who move from one group
to another cross-pollinating ideas among them as they go (Owen, 1997). Significantly, all participants contribute in the
complex system as they engage in one or multiple conversations or enact the Law of Mobility as Butterflies and
Bumblebees.

During the second phase, the convener of the session hosts the conversation and records ideas so that they can be shared
with everybody. These notes become the Book of Proceedings for the session and provide an account of the
conversations. In some instances, only the person who announced a topic shows up for the conversation at the specified
time. In this case, the convener has several options: He or she may choose to sit alone, reflect on the topic and write
notes to contribute to the proceedings, or join with another related conversation topic, or drop the original topic
altogether as an indication that, at this time, no energy for the topic is present in the room. The topic is included in the
OST proceedings so that it does not get lost and others may return to it at another time. Throughout the meeting phase,
the facilitator remains largely in the background, possibly acting as a resource for logistical concerns but primarily
holding space for the participants to ensure the space is safe for openness and creativity (Owen, 1997, p. 109). The
facilitator does not try to persuade any participant to engage in OST. In a public setting, given full freedom of choice,
participants may decide to leave the session or not attend in the first place. This would indicate that the initial invitation
was not meaningful to the participant. In an educational setting, the obligation to attend school limits students’ freedom;
however, the option to invoke the Law of Mobility within the learning system acknowledges the accountability or
responsibility of each student to participate and contribute in a way that is personally meaningful.

In the third phase, a closing circle concludes the OST session. The participants reconvene in the original opening circle
formation to reflect on their involvement in the conversations. Similar to how teachers might hold a debriefing session
in the synthesizing phase of their lesson (Zevenbergen, Dole & Wright, 2004) to draw upon shared experiences and
insights with students, the facilitator calls upon participants to focus on key ideas. Rather than a show and tell this phase
should “engage the students in rich, productive discussion centered on the intended learnings” (2004, p. 73). Notably,
teachers in the progressive tradition often act comparably to facilitators in OST (Boaler, 2009; Cobb, Wood & Yackel,
1993; Davis & Sumara, 2006; Ernest, 1999).

The facilitator provides opportunity for each participant to make comments if they wish around the circle. Often a
talking tool is passed from one person to the next to focus participants on individual speakers. Participants are
encouraged to share a word, a phrase or a comment on their experience in the conversation circle. All participants have
an opportunity to ‘pass’ if they would prefer not to share orally. The facilitator encourages those who pass to include a
written comment or reflection that will be included in the final compilation of the proceedings. Additionally, after
participants review the book of proceedings, the facilitator may also ask participants to highlight commonalities among
the results of the conversations and then to cast votes identifying the issues or opportunities that resonate most, thereby
gauging the collective energy for ideas. Given a collection of stickers, participants may choose to place a sticker on
each of the topics that they support or place multiple stickers on topics that they feel most passionate about (Herman &
Corrigan, 2002). This provides a strong visual record of the collective interests and presents a focus for next steps or
decision-making.
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3.5 Adaptations to OST in the Elementary Classroom

Situating OST within an educational setting required several adaptations. These included attending to logistical issues
involving classroom activity as well as research interests, acknowledging curriculum demands and modifying the
teacher’s instructional role.

The most significant adaptations revolved around the logistics. I needed to modify these elementary classroom OST
sessions, primarily, in four ways: (1) to fit within the existing format of the school timetable; (2) to accommodate
mandatory participation; (3) to adopt themes aligned to the curriculum; and (4) to add recording devices for research
purposes. Time constraints led the OST sessions to be significantly shorter than might be expected with a different
organizational structure. Where an organization or business might structure an OST event over the course of one to
several days, the demands of the school timetable meant that students were held to 45-minute and one-hour sessions. I
compensated for this by holding four OST sessions over the course of eight weeks, always during the mathematics time
slot. This adaptation was a limiting factor to the depth of conversations; however, as observed, students participated
readily in the OST sessions and showed an increase in their math talk generally.

Although voluntary participation is a critical aspect of OST, this was not offered as an option to the elementary students.
Given the importance of voluntarism to maintain engagement in learning and contributing to conversations, this was
initially a concern; however, the novelty of the methodology to this classroom, the Law of Mobility and the ability to be
a Butterfly, ensured that student engagement remained high. Therefore, I did not need to compensate for this adaptation.
The methodology itself accommodated this constraint.

A slight adaptation was also required around the overarching themes. Today’s curriculum requires teachers to plan each
mathematics strand thoughtfully to ensure all outcomes are met. Therefore, working with the classroom teacher
beforehand, we agreed to work with the mathematical curriculum in use. Therefore, the OST themes came directly from
the current curriculum, rather than arising from student issues or opportunities. The first OST session focused on
Numbers & Operations; the second, on Patterning; and the third on Problem Solving. This enabled me to align with the
teacher’s instructional plan and to maintain continuity by addressing the current concepts with which the students had
been working. Subsequently, the OST sessions were introduced to students as consolidation of their learning of the
mathematics content; and, therefore, maintained the curricular flow of the classroom. Despite this adaptation, OST’s
decentralized control was preserved, as students remained responsible for how the agenda (or lesson) was created. They
were invited to offer topics aligned to the pre-determined theme and had autonomy over these topics. Whatever they
posted created a focus for a circle conversation, which they convened, leaving the teacher-authority to hold the space
for self-organization.
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Figure 4. Placement of audio and visual recording devices for educational research
Finally, the last adaptation, served my research purpose and involved documenting the movements and discussions. |
placed audio and visual recording devices (Figure 4) strategically throughout the space to provide data for discourse
analysis of the OST intervention.
Both the video and the audio records were instrumental in understanding the overall dynamics of the sessions, as well as
intimate interactions within the smaller conversation circles. It made the collective visible. Without this documentation,
seeing and hearing the system overall would have been impossible. In addition, this adaptation was essential for a deep
analysis of the meaningful exchanges. I compensated for this adaptation by conducting a trial run to ensure the students’
understanding of the OST format and to increase comfort with the equipment to minimize the impact of the technology
on behavior.
The emergent data confirmed that the adaptations had been adequate to support fruitful math talk. Below, I will describe
how a review of the video recordings led to the development of classroom maps, which made visible both the students’
physical interactions and those pertaining to content. Further, I also present excerpts of the audio recording to
demonstrate the types of math talk.

4. A Summary of Findings
Complexity thinking offers a theoretical perspective from which to view, with fresh eyes, students as a collective in the
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mathematics classroom. The OST methodology, as an example of complexity in action, promotes the minimum
conditions for complexity and provides teachers with a practical option for stimulating and sustaining conversation. My
research asked: How might OST promote student participation to build learning communities that foster the discourse of
mathematics? Data transcripts and classroom mapping indicate an increase in student participation in the OST sessions,
where students participated with mathematical concepts and with each other differently, compared to the conventional
classroom. As well, an analytic framework shows significant and complex conversations among students emerging
through OST that suggest how complexity in action may hold exciting possibilities for learning mathematics. Below, 1
describe the analysis and classroom mapping tools, with examples from the OST intervention, for teacher-researchers
who wish to investigate, at a deeper level, classroom interactions and mathematical discourse development.

4.1 Classroom Mapping

To visualize the impact of OST on the classroom, I developed a classroom mapping tool (Author, 2018) using visual
recordings. These classroom maps reveal the movement and interaction among the students, including Aubs of activity
that

WordiProblemsl Patterns@nd®atterning®

inflimeskTablesf

Fional®

Benl@

Kelly®

Figure 5. Classroom mapping: Movement from art and design in mathematical forms to other groups

emerged as students self-organized around topics of greatest interest. I assigned a specific colour to each student and,
using the drawing tools from Microsoft PowerPoint (PPT), I created a visual representation of each student’s movement
(Figure 5). In this specific example, I show the movements from the Art and Design in Mathematical Forms
conversation, convened by Claire, to the other three conversations. This mapping tool makes visible the intricacies of
the web (or network) of interactions, as the law of mobility is applied; in this case, the convener’s (Claire) insistence
that things be done her way, which was ascertained from the audio recordings, likely motivated the movement to other
conversations.

Classroom mapping was also useful to account for the movement of students choosing to adopt butterfly or bumblebee
roles. Significantly, the mapping of the Word Problems group showed significant movement of all four participants to
other groups; however, it also showed that all chose to return to the Word Problem conversation before the end of the
session (Figure 6). Without this mapping tool, tracking movement and seeing the impact on learning would be
impossible. In this instance, the video, combined with the audio recordings, showed that all came back to share with
each other what they had learned from the other conversations; and, used ideas from other groups to generate new word
problems for discussion.
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Figure 6: Classroom mapping: Movement of students from word problems group
Classroom mapping captures the choice afforded to students in OST. Despite this freedom, the decentralized classroom
does not dissolve into chaos, as the minimum requirements provide enough structure to generate productive interactions.
Students are invited to be personally accountable for their and others’ learning; and, as these maps show, when
presented with an opportunity for meaningful engagement, most participate and welcome opportunities to collaborate
and explore areas of mutual interest. Observing the classroom from a distance, the movement may look chaotic;
however, the maps, supported by the audio recordings, reveal purposeful conversation.

Within the parameters of the elementary school mathematics classroom, OST’s minimum conditions enable
decentralized control. Having just enough structure to encourage interaction may limit the number of students who
check out or disengage; and may, quite significantly, increase overall student engagement, particularly for those students
who are challenged by more routine disciplinary measures. Above, Figure 6 shows Hunter’s efforts (in green) to
cross-pollinate across three groups, indicating his desire to engage in conversation, despite his difficulty in listening and
attending to others in the traditional classroom, as reported by the teacher. Often, the impact of his contributions was not
immediately felt; yet Hunter’s offerings (e.g., interjecting, reinforcing group activity, supplying positive energy), albeit
in an unexpected, unconventional or perhaps, unintentional manner, created significant results for students’ subsequent
explorations. This was also clear in the second OST session, when Hunter joined the Addition Group and asked an
important question, “Can we do the minus thing?” hoping to cross-pollinate and integrate a strategy from his
Subtraction conversation (Figure 7).
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Figure 7. Classroom mapping: Movement of Hunter, the bumblebee, from subtracting group to adding group
Hunter’s question suggests a new direction for the group and a possible connection between the two groups. Two
students block Hunter’s suggestion, and so, he announces his departure without pursuing the idea further. Classroom
mapping shows his return to the Subtraction group, which leads him to miss the subsequent comments by two other
students, Anna and Chantal, who propose a take up of Hunter’s suggestion. These students demonstrate an openness to
new possibilities and readiness to explore ideas. Hunter has successfully cross-pollinated among the groups and
regenerates the group’s problem-solving efforts. In this case, Hunter, the Bumblebee, does not know the result of his
interaction and does not realize his success in cross-pollinating.

In Figure 6, Fiona (in blue), similarly, does not immediately feel the impact of her contributions; yet she successfully
cross-pollinates between two groups focused on patterns. We hear this in the conversation transcript (Table 1).

Table 1. Extract from Adding and Subtracting Group Transcript

Fiona: What about word problems like what we were doing?

Katelyn: Word problems? ... We’ve got times tables. They’re ...

Fiona: I think that times tables and patterns mixed together...go... you can put
them together in problems.

Katelyn: Times tables are something like patterns...

Fiona: It also works with dividing.

Fiona’s important contribution, acting as a Bumblebee in OST, lends richness and variety to discussions. Even in this
concise exchange, the conversation benefits from Fiona’s initial inquiry. With her question, Fiona offers to share from
her previous conversation. She is immediately blocked by Katelyn; yet, she proceeds with a proposition to build on the
topic of patterns, the general topic of both groups. Katelyn finally accepts Fiona’s conjecture and acknowledges her
contribution. Katelyn builds upon this question, while Fiona explores a possible new concept (e.g., dividing) to expand
the conversation even further. Classroom mapping shows Fiona’s pathway predominantly alternates between these two
patterning groups. Even when met with substantial blocking (see Table 6), Fiona persists to bring new strategies to these
problem-solving groups, resulting in opportunities for meaningful exchanges among her peers.

4.2 Analytic Framework

In exploring the pedagogical implications of OST, I identified three types of conversation: sharing information, building
knowledge, and exploring possibilities. These distinctions were useful in identifying the progression of student math
talk in OST. Below, I describe these in further detail. I provide examples and show a lexicon to help other teacher
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researchers identify these aspects of discourse, arising from circle conversations, to make this identification and
subsequent analysis easier. Below is a high-level overview, followed by examples to fully explain these types of
conversation.

Students demonstrate sharing when they offer a personal reflection or story to others, articulate their personal
perspective, or put an idea out on the table for all to consider. Others may respond to clarify ideas through questions,
sharing their own experience or simply agreeing or disagreeing.

Building behaviors include students accepting an offered idea as a foundation, upon which another idea is built.
Re-voicing, also a building behavior, demonstrates support for an idea by paraphrasing, thereby elevating the idea and
offering a new invitation for others to work with the idea. Building also includes summarizing ideas to move toward
convergence. The function of creating such a snapshot allows other students to begin the process of consolidation.

Exploring surfaces as students express interest in new topics, raise questions about what might happen, if they tried
something new, test out and evaluate ideas. This playfulness indicated student engagement and productive participation,
advancing their conversations with creative energy and original ideas.

I also identified another behavior labelled blocking, a term I used in the previous section of this article. In blocking,
students display behavior designed to inhibit ideas, disrupt tasks or prevent forward movement. In my data, there were
clear examples of unhelpful interruptions or comments designed to reduce the speaker’s status (e.g., “you don’t know”,
“that’s stupid”); and even one example of a convener forcing their group to conform to their pre-determined ideas to
how the conversation should go. Below is my analytic framework (Table 2), featuring examples of each type of

conversation to assist with classroom observations for the teacher researcher.

Table 2. Analytic framework for OST observations

Sharing

Building

Exploring

Blocking

Initiating or Offering (giving
information, sharing an
opinion or example)

Elaborating on ideas
(adding-on to or
complementing ideas)

Playing with ideas
(Conjecturing about future
possibilities)

Telling more than
listening

Storytelling (relating
personal experience)

Building through reasoning
(strengthening personal
opinion)

Challenging opinions of
others (asserting personal
voice and space)

Interrupting

Clarifying ideas
(checking in)

Linking ideas (organizing
thinking, building
mathematical context)

Testing out ideas

Controlling space and
conversations
(taking over,
physically and

verbally)
Commenting on ideas Interpreting ideas Evaluating (appraising Inhibiting (rejecting
(agreeing, disagreeing) (explaining, re-voicing, proposed arguments) ideas)
summarizing)
Asking questions Generating ideas Requesting reasoning from Defensive body
(encouraging others to share | (encouraging others to build | others (encouraging others to language

ideas)

on ideas)

explore ideas)

Connecting with current idea
(receiving an idea)

Contextualizing (orienting
through broader
perspectives)

Justifying personal reasoning

Insisting on a certain
direction for the
conversation

Contributing mathematical
procedures through routines

Constructing mathematical
concepts through narratives

Problem solving with
strategic thinking (applying
knowledge)

Telling people what to
do

Accepting others words and

Representing through visual

Reviewing outcomes

Changing the subject

ideas mediators with new representation
Making observations and Making judgments based on Self-reflecting on opinions Judging other offered
listening evidence, data, and/or model ideas

5. Discussion
5.1 Sharing

Sharing promotes student accountability for learning through the pursuit of personal needs and interests and encourages
connections with peers by fostering individual contribution more effectively. Sharing behavior was a first indication that
OST might offer an alternative for students challenged with the regular routine of schooling and authoritative directives
designed to reach pre-determined outcomes. In the exchange below (Table 3), three girls create and talk about addition
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strategies as they share information and opinions with each other:

Table 3. Extract from Adding Group Transcript

Kelly: My strategy is like crazy. Sharing an opinion

Chantal: You never know the answer. Shared knowledge

Kelly: It’s plus 2 and plus 1 take away 1 plus 3 | Sharing an example
minus 6

Anna: Mine is simple. Sharing an opinion

Kelly: You just have to add minus one. Shared knowledge

Hunter: What are you working on? Encouraging sharing

Anna: Right now we’re working on addition | Shared knowledge
strategy.

Kelly: You can come in if you want. Inviting sharing

Chantal: Ok, We’re taking your strategy. Sharing from others

Anna: My strategy is plus 7 plus 2 plus 1 take | Shared knowledge
away 3 minus 6

Kelly: We should use times tables. Sharing connection

Using common language facilitates sharing, as students attempt to devise original problems for others to solve. In this
example, the focus is to answer a mathematical question. The exchange underscores two features of the conversation:
the sharing of ideas and the acceptance of ideas. OST offers a conversational approach to instruction by emphasizing
participants (Whoever comes is the right person) and providing opportunities to relocate within the space (Law of
Mobility) as heard in Hunter’s interjection above. In OST, students determine their own actions rather than a
‘teacher-directed’ lesson structure. When teachers provide this flexibility for students, new opportunities may arise to
make connections with each other and with the subject area itself. Sharing in this way may increase students’
participation and also strengthen a network of mathematicians that take up the contributions of others in a meaningful
manner.

5.2 Building

The OST intervention also opened a space for students to participate more fully and actively in building mathematical
knowledge with each other, as they assume collective responsibility for their work. In Table 4, Ethan makes an initiating
move to engage his group in building a word problem together. Notable here is an indication of the source or ‘voice’ of
mathematics arising from the students, as they independently undertake creating a problem within the context of a
recent exchange about wrestlers. In the conventional classroom, this voice would more likely be heard from the teacher
or text and not from the problem solvers themselves. In this way, we hear the voice of students as mathematicians at
work:

Table 4. Extract from Word Problems Group Transcript

Ethan: We can make up a word problem. | Building mathematical context
Fiona: Let’s make up a word problem. Building connection
Ethan: Ok, Andrew? Encouraging others
Andrew: Yeah. Agreeing
Fiona: Where do you do your work? Clarifying
Ethan: In your journal. We can use the | Orienting
wrestlers.

Building problems together also arose in other conversation circles. The experience for Ben and his peers in the
conversation below (Table 5) provided opportunities for students to think actively, to ‘own’ their work, and to take
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responsibility for completing it efficiently and accurately. The OST session provided the space for these students to
choose freely their areas of interest and the manner of their contributions, with the purpose of building knowledge
together by conversing within a collaborative setting. OST changed the nature of the work in the mathematics classroom
and prompted students to take up the role of mathematicians, making and finding patterns rather than calculating
answers to textbook problems.

Table 5. Extract from Patterns and Patterning in Times Tables Group Transcript

Katelyn: Ok wait, so what’s our numbers? Organizing thinking

Ben: Put 8 fives down and look at the pattern... Building through reasoning

[unknown]: Times table. Contextualizing

Ben: ...and then you do the same thing with that... so, 20. Isn’t | Constructing  mathematical
that cool? concepts

Katelyn: Hanna, look at this ... put 8 fives down ... and then put ... | Representing through visual
put that bar and what it equals. mediators, Organizing

Hanna: 5, 10. Adding-on

Katelyn: Yeah. Just put that bar and what it equals. Linking ideas

Hanna: 10. Adding-on

Katelyn: Then you put two bars together for 10... equals 20 and | Building mathematical
then each equals 40. context

Hanna: What do you mean like? Clarifying

Hanna: Ohhhh.... Connecting

Katelyn: Works out really cool. Complementing ideas

5.3 Exploring

The OST methodology contributed to the students’ perception of fun and play in mathematics. The minimum conditions
and, specifically, the Law of Mobility encouraged greater interaction bringing about deeper levels of engagement, as
students’ comfort with the open space inspired them to try different strategies to familiar problems. In this exchange
(Table 6), students from the Addition Strategies circle conversation explore new ideas:

Table 6. Extract from Addition Strategies Group Transcript

Donnie: Let’s make up questions. Exploring new possibilities

Kelly: Ok, can we do our own questions? Encouraging others to explore

Chantal: Ok, I want to test something. Exploring an idea

Donnie: You need the answers. Put your name so | Clarifying
I know who did it.

Anna: You got them both right. Evaluating

Kelly: You did too. Evaluating

Donnie: They’re both right, Kelly. Reviewing

Kelly: Are we making up more questions or are | Exploring options
we done?

Hunter: Can we do the minus thing, like my | Offering suggestion
group?

Anna: We should do a question like that or | Exploring options
something.

Chantal: Let’s do a different strategy. Exploring options

Anna: I can figure it out. Self-reflecting

Students, in turn, encourage each other to explore and invent strategies to push the group’s thinking further. The
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self-directed nature of Donnie’s proposal speaks to the power of setting minimal conditions to generate participant
accountability for learning thereby rendering the intervention of an authority unnecessary. At play are the principles of
OST: whoever comes is the right person, whatever happens is the only thing that could have, and whenever it'’s over, it'’s
over. Not knowing who might participate in his conversation or how, Donnie presents an open-ended task to the group.
He appreciates the offers he receives and allows further input and suggestions to guide the group, including a question
from Hunter, who has become a Bumblebee intent on cross-pollinating the group with an idea from his original
conversation circle. As Anna and Chantal continue to explore this new possibility together with Hunter, Kelly’s
completion of Donnie’s task signals a closure for her. The teacher authority does not have to assume responsibility for
this level of classroom management; it is self-directed in OST and the accountability of students to manage their own
learning is theirs.

5.4 Blocking

From a complexity thinking perspective, the condition of self-organization allows participants to freely choose where
and how they will contribute. Met with others’ efforts to block or inhibit contributions, OST participants are free to
move to other conversations (and away from the blocking) to continue meaningful input as stated in the law of mobility.

Table 7. Extract from Word Problems Group Transcript

Andrew: Who’s taking over? Ok, I’'m taking over. Controlling space
Fiona: Ok. There’s [sic] four pies. If there’s four pies, | Challenging others
four people ate four quarters of the pie. How
much would be left?
Andrew: None. Zero. Zero. Contributing solution
Fiona: There’s [sic] four pies and the people ate four | Explaining
quarters.
Andrew: Four pies? This is stupid. Rejecting
Fiona: You don’t know. Inhibiting
Andrew: Each person ate four pies. If there was 10 | Justifying
pies...
Fiona: ...only four... Telling more than listening
Andrew: Doesn’t make sense. Rejecting
Fiona: I’ll ask Katelyn... Inviting others

Blocking in this exchange (Table 7) inhibits exploring in that it creates a loss of focus so that ideas do not have a chance
of being fully developed. Fiona and Andrew’s talk overlaps as each struggle to hear the other. Words of rejection
underlie Andrew’s misunderstanding of the problem while Fiona’s attempts to clarify go unheeded. Andrew is blocking
by not listening fully or asking clarifying questions. Being overly assertive, based solely on a misinterpretation, Andrew
frustrates himself and slows progress for the group. An option in OST presents itself for Fiona who chooses to pursue
her problem with another group.

6. Conclusions

I brought OST to an elementary mathematics classroom in order to observe how this meeting methodology might
promote student participation to build a learning community that fosters the discourse of mathematics. My analysis of
classroom conversations primarily showed evidence of sharing, building, and exploring of math concepts among the
students as they expressed their understanding in a variety of ways. I also observed evidence of occasional blocking
when students prevented others from expressing themselves. However, the principles and one law of OST provided
opportunity for students to move away when confronted with blocking and make contributions elsewhere.

OST offered an alternative for students challenged with the regular routine of schooling and authoritative directives
designed to reach pre-determined outcomes. Sharing in conversation allowed particular students to become accountable
for their own learning and seek out spaces and connections with peers where they were able to contribute more
effectively and pursue personal needs and interests. OST afforded students increased freedom, mobility, and choice to
engage and re-engage as desired. When teachers provide this flexibility for students, opportunities may arise to make
connections, first, with each other and, second, with the subject area itself. Sharing in this way may increase students’
participation and also strengthen a network of mathematicians who take up meaningfully the discourse of mathematics.
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In some cases, the sharing and building sequences, as described above, showed how students assumed more directive
roles to get their points across and, on occasion, inhibited some peers from participating fully in the conversation. In
other cases, however, the transcripts also revealed patterns of meaningful exchanges emerging among the students, as
they became more engaged and intent on building knowledge together. Significant, in terms of viewing OST as
complexity in action, was the extent to which students found self-directed opportunities to engage further with their
peers in the newly created work of building mathematical knowledge collaboratively. Providing students choice,
through self-organization, may increase the neighbor interactions among them necessary for knowledge to build and
explorative play. OST may have prompted more playful student interaction and enjoyment through participation in
mathematical conversations; thereby, fostering classroom discourse.

I recognize that these findings are in no way representative of all mathematics classrooms; yet, the opportunity to
observe OST temporarily in this classroom has provided me with some insights for teaching and research that help me
examine and challenge existing practices in an effort to develop innovative pedagogies (Nichols & Cormack, 2016).
Pre-service students and in-service teachers may benefit from understanding how OST provides the minimum
conditions for complexity thinking and opens a space of possibility for students. This is especially beneficial in
mathematics education, where students require encouragement to build and to communicate their knowledge, while
making connections to the wider world. OST, as a meeting methodology, could provide space for students to come
together in conversation and explore their mathematical thinking collaboratively. Through professional development
and workshops, teachers will develop skills in facilitating their classroom through OST; thereby, creating better
awareness of how freedom, choice, and accountability will support students and their learning.

Of course, OST is not without its limitations and, as we have seen, the parameters of the school timetable, curricular
constraints, as well as particular student behaviors such as blocking all affect the methodology’s effectiveness. Being
mindful of these limitations, however, points to possible additional interventions that might alleviate some issues
including:

Building capacity in students for conversation skills and productive discourse moves.

2. Providing support for teachers to develop integrated curriculum to ensure more
student engagement where higher-order skills are taught by connecting multiple
subjects to a unifying theme or issue.

3. Creating collaborative events for teachers to promote professional growth and focus
specifically on opportunities like OST that might differentiate learning significantly,
especially for students at risk of disengaging from the regular routine of schooling.

Teachers do not have the luxury of teaching whatever they want; however, how they choose to meet the outcomes of a
rigorous mathematics curriculum is within their professional judgment. Therefore, seeing opportunities to combine
multiple mathematics classes or to design a full or half-day OST intervention to address cross-disciplinary issues will
integrate this methodology with the more traditional classroom approaches. Such integration will likely increase
relevancy of the curriculum for students and will increase students’ accountability in learning mathematics.

Doll’s invitation to educators to re-examine their instructional practices in light of complexity has led me to consider the
possibilities of OST, as complexity in action, for the mathematics classroom. Doll’s explanation of curriculum (Doll,
Fleener, Trueit & St. Julien, 2005) from the Latin verb currere, meaning the running of the course, also reminds me of
the active, participatory nature of learning and so focuses my attention on the experience of the learner. When this
classroom met the minimum conditions of complexity thinking, created by OST, to generate self-organization, students
increased their participation in mathematical activity and through sharing, building, and exploring gained mathematics
knowledge.

To paraphrase Paulo Freire (1997), tomorrow’s numerate learner understands how mathematics helps us read the world,
connect with others in a complex knowledge network and communicate effectively through meaningful exchanges. The
use of OST as a social technology for large-group facilitation may assist in this aspiration by creating space for students
to share, build, and explore knowledge together and by opening the space of possibilities for future knowledge to
emerge.
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