
Re-conceptualizing the development of agency in the school
mathematics classroom
Raymond Brown

School of Education and Professional Studies, Griffith University, Gold Coast, Australia

5ABSTRACT
A question that confronts teachers of mathematics is how best to
establish in their classrooms a space where students can participate
more fully in the curriculum. This article explores the development of
agency in the school mathematics classroom. Using data from

10a variety of classroom contexts, this article employs sociocultural
constructs of theorists such as Vygotsky (1981)Q2 , Wertsch (1991)Q3 , and
Wenger (1998)Q4 to examine teacher and student activity during class-
room interactions. A specific focus of this examination is the devel-
opment of student agency. In particular, I explore practices that

15recognize the tension between the agency of the people teaching
and learning the mathematics and the agency of the discipline that
accredits and conventionalizes ways of knowing and doing the
mathematics. The article concludes that it is in the teacher-student
negotiation of coming to know and do mathematics that the devel-

20opment of student agency can be actualized.

Introduction

The majority of mathematics classrooms are situated in institutions that perpetuate typical
constructions of teacher and student agency where the teacher is constructed as the
authoritative dispenser of disciplinary knowledge and skill and the student as being the

25passive recipient of that knowledge and skill (Boaler, 2002). As student agency is central to
the quality of the learning of mathematics (Boaler, 2008), mathematics educators must
consider how best to conceptualize a form of shared agency in the classroom that
promotes student learning. This article re-conceptualizes the development of agency in
the school mathematics classroom by exploring teacher and student practices that mediate

30activity in the mathematics curriculum.

A notion of agency

The concept of agency is core to the teaching and learning of mathematics. It speaks to the
capacity of individuals to plan, implement and evaluate the attainment of a goal, (Hernandez
& Iyengar, 2001) and to exert influence in their mathematics context (Boaler, 2002). From

35a sociocultural point of view, the agency plays an importantmediating role in the development
of a person’s way of being, seeing and responding in the world (Edwards, 2001). This
understanding of agency suggests that situating teaching within particular pedagogies that
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(a) incorporate student interest, (b) are sensitive to the development of learner identities, and
that (c) employ group work and discussion, improves student learning. It also highlights the

40tension between teachers’ and students’ roles in classroom learning and the meditational
means (knowledge and skills) that they have access to (Wertsch, 1991). From this point of
view, issues which affect the organization of the classroom (such as authority, membership,
and norms which privilege certain ways of thinking and acting) are seen as essential aspects of
teaching and learning. One sociocultural approach to teaching and learning mathematics that

45acknowledges this sense of agency is Collective Argumentation.

Collective argumentation

The work of Max Miller (1987) provides a base for helping teachers to understand how
agency in the classroom may be re-conceptualized through the processes of argumenta-
tion. According to Miller, the processes of argumentation are underpinned by three

50cooperation principles. Using the term argumentation in a broad sense to include any
‘type of discourse in which the principle goal is to find collective solutions to inter-
individual problems of coordination’ (Miller, 1987, p. 231), the first principle focuses on
coordinating the contributions of participants so that a set of collectively valid statements
(i.e., statements that need no further questioning regarding their relevance to a given

55argumentation) can be agreed on. Miller refers to this coordination device as the principle
of “generalizability” and describes its function as formulating the conditions which
a statement must fulfill in order to be justified.

The realm of the collectively valid in the group, however, is not static and can be
changed as a result of intra-group interactions. The changes that may result from these

60interactions are not arbitrary, but conform to the principle of “objectivity.” This principle
states that if a statement cannot be denied, it belongs to the realm of the collectively valid
regardless of whether it supports or rejects a participant’s point of view. The third
principle is that of “consistency.” According to this principle, mutually exclusive points
of view must not “enter into or (once they have been discovered) must not remain in the

65realm of the collectively valid” (Miller, 1987, p. 234).
For Miller, these principles provided a mechanism whereby agreement building and

mutual understanding can be developed through personal and social influences. Through
these influences Miller maintained that collective learning environments can be estab-
lished which have the potential to advance students’ awareness in the classroom. However,

70to utilize the tension between the agency of teacher and students in the classroom and the
discipline of mathematics to bring about deep learning, this agreement building needs to
be explicitly recognized and complemented with a principle of “consensus” and a principle
of “recontextualization” (Brown & Renshaw, 2000).

In line with the work of Miller, a principle of “consensus” requires that all members of
75a group understand an agreed approach to solving a problem. If a member of the group

does not understand, there is an obligation on that student to seek clarification, and an
obligation on the group to assist (Brown & Renshaw, 2000). A principle of “recontextua-
lization” involves students re-presenting the group agreed response to a task to the other
members of the class for discussion and validation. Communicating to the class challenges

80students to rephrase their ideas, to defend their thinking, and to reassess the validity of
their thinking in terms of the discipline of mathematics (Lampert, 1990).
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The above cooperation principles can be developed into a model of shared agency
(see Figure 1) to scaffold teacher and student activity in the mathematics classroom so
that learning becomes personally responsive and socially assisted through having stu-

85dents share with the teacher in the agency of the classroom. The understanding of
shared agency presented in this model is informed by Brown and Renshaw (2006b) who
focus the notion of agency on the students and the teacher actively sharing the learning
contexts of the classroom in ways that support student interest, are sensitive to the
development of learner identities, and that employ group interaction and discussion.

90The model presents the principles of argumentation as five interactive practices – represent-
ing, comparing, explaining, justifying and agreeing – necessary for coordinating the interactions

Figure 1. The model of shared agency embedded within a classroom culture which enables pedago-
gical and interactional support systems to scaffold cognitive development.
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between the teacher, students and the discipline of mathematics along with a series of pedago-
gical and interactional supports that enable the teacher and students to share in the agency of the
classroom. How these processes and supports relate to the principles of argumentation is

95outlined in Figure 1 where the light shading draws our attention to the pedagogical focus and
the dark shading to the agency focus for each principle.

“Generalizability” through representing

When students represent a personal response to a task, they are more likely to participate
in any discussion that follows (Pressley, Gaskins, Solic, & Collins, 2006). Requiring

100students to represent their ideas provides them with a resource that they may use to ask
questions, share ideas and to monitor their understanding. Even if a representation is
incomplete it may provide a student with a tool that can be used to understand that
different representations of the same task highlight different aspects of a task and that
different aspects of a task need to be considered before it can be successfully completed

105(Hubscher-Younger & Narayanan, 2003). As such, representation provides students with
a contribution to classroom discourse that can be summarized or re-represented by the
teacher or other students.

In simple terms, this phase of the model requires a student to represent in the form of
a model (using manipulatives), or a diagram, or a symbolic representation such as an

110equation, their understanding of a mathematics task. For example, with the Year 6 task:
“The manager of a supermarket ordered 10 boxes each containing 100 cans of soup. How
many cans of soup did the manager order?” Some students might draw a picture of 10
boxes with a label of 100 cans on each box. Some students may represent a number
sentence 100 × 10 = 1000. Other students might go beyond the number sentence and write

115101 × 102 = 103. For further examples of the Model of Shared Agency at work in the
classroom see (Brown, 2011, 2009, 2007).

However, as the teacher will often need to assist students to represent their ideas
through the use of concrete representations (e.g., blocks), pictorial representations (e.g.,
a diagram) and symbolic representations (e.g., an equation), agency at this phase of the

120model resides, mainly, with the teacher whose focus is on incorporating the everyday ideas
of students into the activity of the classroom. This may be done by the teacher joining
with individual students to ask questions about the student’s representation; add to
a representation; redirect a student to task information; and to provide a personal
representation to challenge a student’s ideas.

125“Objectivity” through comparing and explaining

Comparing and explaining ideas to others takes learning from the individual to the co-
operative plane of learning and allows students to see what is the same and what is
different about their ideas and interpretations. For some students, it can be a challenge to
note and to interpret differences between the ideas they communicate. Such challenges can

130help students to view concepts from different perspectives (Feltovich, Spiro, Coulson, &
Feltovich, 1996). For other students comparing and explaining can be affirming as they see
congruence between representations and the ideas they communicate. However, within
most classrooms, students operate within a social setting that has discernible structures of
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authority, meaning that some students may simply align with a representation or an
135explanation that they deem to be authoritative rather than on a representation or

explanation that speaks to their understanding (Hubscher-Younger & Narayanan, 2003).
With our “cans of soup” example the students would compare and explain their

representations to each other. Whilst explaining an idea or a representation can be
a goal of learning, it must not be the end product. The process of student comparing

140and explaining needs to be monitored by the teacher to ensure that misconceptions are
addressed and that students’ ways of thinking relate to each other and to the conventions
of mathematics in a manner constitutive of understanding. As such the agency needs to be
shared by the teacher and students at this phase of the model. To do this, the teacher may
work with students to note similarities and differences in representations, seek explana-

145tions, and challenge students to provide more abstract explanations of their ideas.

“Consistency” through justifying

If learning in a mathematics classroom is to occur in partnerships between students and
between the students and the teacher practices need to involve the gathering and sharing
of evidence that satisfies disciplinary constraints associated with coherence and logic

150(Lampert, 1990). Requiring students to justify ideas enables them to become conscious
of others’ points of view by allowing processes of thought as well as products to become
visible and open to peer critique and guided participation by the teacher. As such,
justifying ideas and representations encourages students to question, evaluate, and inquire
so that agreement can be attained through understanding rather than through conver-

155gence on an authoritative representation, style, or reputation.
In terms of the “cans of soup” task students may justify their representations using

utterances such as “diagrams are easier to understand”, “the number sentence is more
efficient than drawing boxes of soup”, “using exponents provides a result without having to
calculate using paper and pencil”. As the teacher will need to guide students through this

160process of justifying ideas, agency in this phase of the model resides with the teacher and
the students. In order to do this, the teacher may work with students to seek justifications,
challenge students to provide more abstract or general justifications for their ideas, and to
model inter-subjective norms such as “openness” and “wise-restraint” (see Lampert, 1990).

“Consensus” through agreement

165The collective agreement on a representation or idea that reflects the group’s understanding
involves the surrender of misconceptions and the selection or co-construction of representa-
tions and explanations that reflect each member of the groups understanding of the content
being learned. However, before the agreement can be stated, each member of the group must
be able to explain some aspect of the representation or idea being selected or co-constructed, if

170not, there is an obligation on that student to seek understanding and an obligation on the
group to provide assistance.

With the “cans of soup” example, guided by the norm that representations and
explanations reflect each group member’s understanding of the content being learned,
some groups of students may choose to represent the solution to the task using diagrams,

175others using a number sentence, still others using exponents. As the process to reach
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consensus requires obligations on students to either help or to ask for help, the agency
may be said to reside with the student group. The teacher may assist the exercise of agency
by working with students to seek clarification of ideas from the group, seek personal
understandings from group members, and ensure that all group members are participating

180in the learning of the group. In order to ensure that all group members access these
opportunities, it is important that each group be required to validate their group’s
understanding of the task through a whole class discussion that relates students’ ideas
and representations to the discipline of mathematics.

“Recontextualization” through whole-class discussion/validation

185Group presentations of their ideas about a task focus on students’ recontextualizing their co-
constructed understandings to the other members of the class for validation. This recontex-
tualization challenges students to (a) rephrase their ideas in language familiar to the class, (b)
explain their ideas in the light of questions from the class, (c) defend their ideas in the light of
critique from the class, and, if necessary, (c) reassess the validity of their thinking in the light of

190the conventions of the discipline of mathematics. Such classroom presentations assist students
to engage with the conceptual content of a lesson at a level suitable to their understanding,
employ their own prior experiences to contextualize the task, and to distribute the responsi-
bility of their knowing across a group rather than in a fashion that focuses on any one
individual (Boaler, 2002). In terms of our “cans of soup” task the teacher may ask the class

195to compare the different solution pathways, asking “what is the same”, “what is different”, “what
solution pathways are labor intensive”, “what require the least mental effort”, “which pathways
help us see the relationship between the boxes and the cans”, and “which pathways are the more
efficient, elegant, and align with the discipline of mathematics”.

Using students’ own language, ideas, and representations to communicate an understand-
200ing of a task has the potential to scaffold students’ understandings toward higher levels of

abstraction and generalization and supports a shift in students’ perspectives ofwhat itmeans to
learn mathematics in a school classroom (Boaler, 2002). To assist the development of produc-
tive perspectives, the presentation of students’work to the class requires that the students who
make up the audience for group presentations be actively engaged in the validation process.

205Audience engagement needs to center on asking questions about the group’s ideas and
representations and providing constructive criticism of the conceptual rather than the surface
features (e.g., the use of color) of the group’s ideas and representations.

In order for this to happen in a manner that assists students to become aware of
alternative interpretations, possible misconceptions, and possible refinements to their own

210understandings, it is important that the agency of the classroom is shared by the teacher
and the class of students. In order to do this, the teacher may work with the class to
rephrase, paraphrase, and re-represent the contributions of particular groups, draw con-
nections between the contributions of different groups, and refer the class to previous
problems and the ways in which similar tasks were approached.

215The Collective Argumentation model of shared agency as outlined above has been shown
through research to (a) improve the overall quality of teaching and learning in the classroom,
and (b) to promote the development of student participation productive of learning mathe-
matics (see Brown, 2017 for a summary of this research). The re-conceptualization of the
development of agency in the mathematics classroom can be further informed through
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220examining student and teacher perceptions about doing mathematics using an approach to
teaching and learning that employs the Collective Argumentation Shared Agency model.

Informing the re-conceptualization of agency in the mathematics classroom

The examples that follow are from research that employs the Shared Agency Model. The
examples of student and teacher perceptions are taken from a large study, conducted over

225a 3-year time frame, that involved university educators working with primary and
secondary school teachers of mathematics from schools located in South-East
Queensland, Australia (see Brown, 2017). The aim of the study was to assist teachers to
bring about and reflect upon a change in the way they teach mathematics. The study
employed a sociocultural methodology based on a “design-experiment” (see Cobb, 2000)

230and focused on the roles of teacher and students, and the ways of knowing and doing
valued in the mathematics classroom.

Student perceptions of learning mathematics when using the shared agency model

What follows is a summary of the research exploring the social positions (submissive,
confident, assertive) that students construct when doing mathematics using the Shared

235Agency Model (for an account of this research see Brown, 2009; words in italics are the
direct utterances of student voices).

When students first encounter the Shared Agency Model in the mathematics classroom
their initial perceptions center round the teacher “telling them to”. This submission to the
agency of the teacher is to be expected and echoes past participation in classrooms where

240the teacher may have been viewed as the direct transmitter of knowledge and skill to
students. However, within weeks, students’ reasons for doing mathematics imply that they
do it because it is the “way of the group” that the student works with. Initially, it is the
group that decides how a math task might be completed, but as time progresses the
emphasis on the “way of the group” declines and a focus on the “task solution” – “easy”,

245“appropriate”, “a good way” – beings to emerge.
As students become familiar with the Shared Agency Model, the focus on the task

solution is complemented with a recognition by students of the contributions of peers and
others to sense making in the learning process – for example, “Diana and I agreed” and “I
suppose I copied off Katie’s group because it was the only one that made sense to me”. It is

250interesting to note that, during this time, students often make a shift in their perception of
the role of the teacher where “being told” no longer refers to a teacher direction or
transmission, but to expertise: “We didn’t do it that way to start off with, until the teacher
told me where I went wrong … ”

Over time students’ perceptions begin to evidence a stance toward doing mathematics
255that is more assured and more personal: “I think it was a good idea/way … ” From being

“told what to do”, either directly or indirectly by the teacher, students begin to assume
a more assertive position within the classroom where they start to think for themselves
and to assess the quality of their own thinking and the thinking of their group: “I think it
was a good way; We didn’t get the exact answer but we weren’t long off”; and “I think it’s

260right. I tried to explain it well and say what I thought as best I could”.
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Taken as a whole, students’ reasons for doing mathematics imply a changing form of
agentive membership within the classroom community. From initially assuming
a submissive position in the collective work of the class that seems quite dependent on
teacher directions and to lack confidence, students subsequently move toward a more

265confident position where their engagement in the learning process is contingent on ideas
coming from a range of others (their group, other groups, and the teacher). Perceptions
also begin to acknowledge the authorship of ideas: “I suppose I copied … ”, “you (the
teacher) told me … ”, and “you told Joel … ” (another student), an important element of
developing a shared agency in the mathematics classroom (Brown & Renshaw, 2006b). In

270time, students take on the challenge of assessing ideas and solution processes as they move
toward assuming more assertive positions within the classroom: “It was easy, the timelines
worked, they were quick and showed everything and explained it well”.

Teacher perceptions of learning mathematics when using the shared agency model

What follows is a summary of the research exploring the social positions (authoritarian,
275authoritative, co-learner) that teachers construct when doing mathematics using the

Shared Agency Model (for an account of this research see Brown & Renshaw, 2006a,
words in italics are the direct utterances of teacher voices).

For teachers, using the Shared Agency Model to teach mathematics means letting go of an
authoritarian control in the classroom focused on favoring strict adherence to the authority of

280the discipline, and sharing the direction of lessons with the students. This can be anxiety
provoking for many teachers who are used to feeling “in charge and making sure everything
ranwell in the classroom”. In order to perseverewith the use of the SharedAgencyModel teachers
need to address issues related to getting “every child involved in the group” and catering for those
“one or two children that no one wants to work with”, not “working verymuch from the text book”,

285and teacher dependence on “tests” when it came to “assessment time”.
As these issues are worked through teachers start to see the use of the model to teach

mathematics as providing opportunities for teachers to “see immediately where the student is
working from”, “to build on from that”, to provide learning tasks that are “multi leveled and
that the students can come in at different levels”, and to see discussion at the group and whole

290class levels as helping the teacher to “see immediately that they (the students) have got the
wrong understanding about something”. As teachers and students become familiar with the
practices of the model teachers’ perceptions change from the need to “stand up the front and
control the learning” to adopting an authoritative stance where student confidence and respect
assist the teacher to “sit with the children when they first attempt the task individually”, “go

295around and check that they (the students) understand the tasks and that they are sharing their
ideas”, “provoke some ideas with students”, “encourage students to be critical about what they
are hearing”, and to “demand understanding from their peers”.

Perceptions of students begin to change from being “empty vessels” to be “filled with
knowledge and skills” to being “a learner, a contributor and a collaborator” in the learning

300process, to knowing “that every student has worth, has something to contribute and that we
are all travellingQ5 together and we are all learning together”. In time there is a movement
away from “the quiet, passive classroom” to an “active, buzzing atmosphere that enables
students to participate at their own level of understanding and be valued for the contribu-
tion they make”.
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305Conclusion

This article explores the development of agency within mathematics classrooms that
employ a sociocultural approach to teaching and learning that offers a collaborative way
of re-conceptualizing how teachers and students can share agency in today’s educational
landscape. Through the “voice” of research reported above, a number of characteristics in

310the development of “agency” in the mathematics classroom become evident.
Firstly, teachers’ and students’ ways of exercising agency in the mathematics classroom

are embedded in contexts of activity, contexts where students need to be prepared to apply
what they know and can do to mathematical tasks, and where teachers need to provide
students with opportunities to actively participate in their own learning. Secondly, tea-

315chers’ capacity to plan, implement and evaluate the attainment of a goal in the mathe-
matics classroom is embedded in interpretive practices (such as representing, comparing,
explaining and justifying) that build relationships with students that contribute to the
development of student competence and confidence. Thirdly, teachers and students
exercise of agency in the classroom is negotiated within the tension between teachers’

320and students’ ways of knowing and doing mathematics and the conventions of the
discipline, a tension that can lead to the development of a shared agency in the classroom
through the application of principles and practices associated with a sociocultural
approach to teaching and learning. In the process, teachers and students may be assisted
to reflect upon their practice and to re-conceptualize their exercise of agency in the

325mathematics classroom.
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the disciplinary languages of learning. In these different formats, student progress in understanding

390is gauged by the extent to which students’ talking and thinking is replaced, interweaved with,
privileged or generalized within the language of the discipline being learnt. This is a very handy
article to help teachers see how classroom talk can influence student learning.
Pendergast, D., & Main, K. (Eds) (2019). Teaching primary years: Rethinking curriculum,
pedagogy and assessment. Sydney, AU: Allen & Unwin.

395This book offers evidence-based approaches to teaching and learning in the (primary) elemen-
tary years of schooling. The text explores the unique characteristics of elementary school-aged
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depth. The text highlights major challenges facing elementary education relating to the use of digital
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technology, the development of age-appropriate pedagogies, practising differentiated learning and
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Van de Walle, J.A., Karp, K., Bay-Williams, J. M. (2017). Elementary and middle school
mathematics. Teaching developmentally. 9th Edition. Boston, MA: Pearson Education
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This book provides a helpful guide for Pre-K-8 teachers of mathematics. This text reflects the
405Common Core State Standards and NCTM’s Principles to Actions, as well as the current Australian

Curriculum: Mathematics. Emphasis is placed on teaching mathematics conceptually, in a problem-
based, developmentally appropriate manner that supports the learning needs of all students.
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