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Teacher We’ve been looking at unit rate a lot, and
later today we’ll think about what unit
rate means in terms of graphing. For now,
what is the rate if we’re walking three

seconds and going ten meters?

But what does unit rate have to do with
graphs though?

Jocelyn

Reggie Yeah! I had that same question.

Teacher That’s a great question. Let’s put that on
the board [writing Jocelyn’s question on
the board], and we will come back to that
later. Right now let’s think about the
problem, if I went 10 meters in 3 seconds,

how far did I go in 1 second?

Where do you see mathematical authority in this exchange?
In Jocelyn’s question and the implied challenge it carries? In
Reggie’s validation of Jocelyn’s question? In the way the
teacher set aside Jocelyn’s question and redirected the class?
Many might consider this exchange as an example of
teacher’s mathematical authority because she legitimizes
and determines the mathematical focus of the class. While
we agree that the teacher does indeed display authority in the
above example, we contend that there are two types of
authority present: mathematical authority and pedagogical
authority. In this article, we work toward building a collec-
tive understanding of the meaning of mathematical authority
by differentiating between these two types of authority and
sharing examples of mathematical authority at work in class-
rooms. In particular, we advance a view of mathematical
authority that can account for multiple participants and
modes of mathematical activity including, for example,
Jocelyn’s generation of a mathematical idea through her
question, the subsequent assessment of her question and
underlying idea, and the public record of written mathemat-
ics the teacher created.

To define mathematical authority, we draw inspiration
from Benne’s (1970) definition of authority as a triadic rela-
tionship between a bearer of authority, their subject (i.e.,
someone in need of guidance willing to defer to the bearer),
and the field (the context in which the participants operate).
We define mathematical authority as a dynamic and negoti-
ated relationship between people (or groups, objects, or

organizations) where one party defers to another within a
mathematical situation. By ‘dynamic’, we mean that author-
ity relations change across time and contexts. Here we
account for dynamic shifts in authority from one mathemati-
cal situation to another. For us, a mathematical situation is
determined by a common mathematical focus or goal (a task,
strategy, representation, efc.) for a given group, a consistent
form of participation (whole-class, small groups), and coor-
dinated activity toward that goal. We draw from Goffman’s
(1974, 1981) notion of frames, or framing, to help us identify
dynamic and fluid shifts in mathematical authority by identi-
fying changes in situated mathematical activity and
participants’ roles in that activity. He describes these shifts in
activity as a change in footing, or the participants’ stances or
alignment toward one another and the activity at hand. We
also use Goffman’s roles of author and animator (i.e., com-
municator) as a starting point in our work to identify different
modes of mathematical activity (i.e., authoring and animating
mathematical ideas). Our goal is to examine the complexity
of mathematical authority in classroom contexts by docu-
menting ways in which participants negotiate different
modes of collective mathematical activity and how that shifts
dynamically with respect to changing goals and foci.

To bring the construct of mathematical authority into
sharper relief, we juxtapose it with pedagogical authority. We
define pedagogical authority as the authority teachers have
by virtue of their position—authority for directing instruc-
tional activities such as selecting topics or tasks, opening and
closing tasks, and nominating speakers (see also Wilson &
Lloyd, 2000). Referring back to the earlier classroom
excerpt, we view the teacher’s determination of the mathe-
matical focus for the class as an example of pedagogical
authority. Oyler (1996) describes this type of authority as
determining who does what, when, how, and where. We see
pedagogical authority as related to classic conceptions of
authority wherein one’s authority is legitimized by one’s role
or position within a social structure (see Weber’s, 1947, legal,
traditional, and charismatic types of authority). We also rec-
ognize that teachers have pedagogical authority in any
mathematical situation. However, here we focus on the con-
struct of mathematical authority and document the ways in
which we see classroom participants like Jocelyn, Reggie,
and the teacher negotiating authority for various mathemat-
ical activities such as authoring, animating, and evaluating
mathematical ideas.
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Authority is often conceptualized as a fixed and finite
resource, which leads one to view sharing and distributing
authority as a zero-sum transaction (see also Oyler, 1996, who
problematizes this interpretation). That is, for a student to have
authority a teacher must surrender a part of their own author-
ity. This transactional metaphor is widespread and commonly
used to describe authority in everyday situations. Reflecting
on the example above from the transactional perspective, one
might argue that Jocelyn, Reggie, and other students only have
authority when the teacher relinquishes her authority. We sug-
gest that this type of transactional conceptualization of
authority can obscure the potential for students to act as a
mathematical authority in their own right in mathematics
classrooms. Thus, we move beyond the transactional
metaphor in our conceptualization of mathematical authority
and consider authority as dynamic and fluid, situationally
negotiated, and existing across different mathematical activi-
ties. This perspective allows us to view mathematical authority
as expanding to accommodate (a) multiple types of mathemat-
ical activity, (b) the multiple actors who can contribute to
collective mathematical activity, and (c) the continually shift-
ing alignments in various types of activity as different
mathematical goals are pursued across stretches of time.
Although many of these features are identified in the extant lit-
erature (e.g., Amit & Fried, 2005; Benne, 1970; Oyler, 1996),
our contribution lies in the ways we combine these features to
more clearly parse different modes of authority in ways that
dynamically change from situation to situation.

Moreover, our conceptualization remains consistent with
how authority in the mathematics education literature is often
presented—as a negotiated relationship in which one accepts,
obeys, or follows another person, object, or tool, such as a
textbook or calculator (e.g., Amit & Fried, 2005; Wagner &
Herbel-Eisenmann, 2014). Much of this existing work
answers the question of where authority is located, and how
it is legitimized. For example, in their study of an undergrad-
uate calculus class, Gerson & Bateman (2010) developed a
typology that located and classified authority on the basis of
its source (hierarchical, mathematical, efc.), whereas Wagner
& Herbel-Eisenmann (2014) located authority structures
within mathematics classroom discourse. Largely absent
from this work is a consideration of the multiple modes of
mathematical activity for which teachers and students may
have authority. Although existing research identifies generat-
ing strategies and procedures as a key marker of authority
(Engle, Langer-Osuna & McKinney de Royston, 2014), we
suggest that authoring is one of many modes of mathematical
activity by which authority is negotiated. In the following
sections we share classroom examples to illustrate different
modes of mathematical authority.

Authority for authoring mathematical ideas
In the first example, a fifth-grade class is focused on one stu-
dent’s strategy for the following equal sharing fractions
problem: If four friends share 11 brownies equally, how
much will each friend get? Students independently solved
the problem and two possible solutions were offered—21/>
and 23/s brownies. One student, Dean, who thought each
friend would get 2'/2 brownies, volunteers that he now thinks
his answer is incorrect. Dean’s work is shown in Figure 1.
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Figure 1. Dean’s work.

Example 1—Authority For Authoring [1]

Teacher

Teacher

Dean

Teacher

Dean

Teacher
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Teacher
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Teacher

Dean

Teacher

Dean

Teacher

Students

Teacher

Dean

Teacher

Alright. Look at this. [Teacher walks to
board to record Dean’s strategy.]

Look at what he did. Dean has friend one
and, did you put your friends down first?

Mmhmm. [Teacher writes F1, F2, etc. on
board.]

And he automatically thought of it as
halves, is what it looks like. And then you
gave this one a half, this one. You went
horizontally? [Draws a row of ‘h’s’ hori-
zontally]

Mmhmm.

Alright. So how many brownies does that
take care of right there?

Two

Two. Alright. So then he did it again. /[Draws
second row of h’s. | That takes care of

Four

Four of the brownies. [Draws 3 succes-
sive rows of h’s] And then what did you
do? ‘Cause one brownie is left.

I cut it into fourths.

Did you go a fourth, a fourth, a fourth,
and a fourth? [Teacher writes Y4 in each
friend column]

Yes.

Alright. And then if I take these two
halves [connects first two h’s under F1,
see Figure 2], that gives me how much?

Two. One. One.

One whole. So why do you think you got
two and a half the first go round?

Yeah, I think I got mixed up a little.
Okay.



Figure 2. Teacher records Dean’s strategy on the board.

In this example, the mathematics under collective consid-
eration was generated by Dean. However, Dean did not
publicly communicate his ideas, and instead it was the
teacher who presented his idea to the class. This raised a
question for us: Who held mathematical authority in this sit-
uation? To better understand how authority was functioning,
we turned to Goffman’s (1974, 1981) idea of footing and the
alignment of roles in participant frameworks. Using theater
as a metaphor, Goffman introduces the terms author and ani-
mator to differentiate the respective roles of generating the
sentiments, words, or ideas and communicating or uttering
those ideas. In many cases, authorship of an idea coincides
with the communication of the idea, but not always. We
view the roles of author and animator as being present in any
given mathematical situation in which someone might have
authority. Thus, Goffman’s distinction of author and anima-
tor helped us describe who had authority for what
mathematical activities with more precision and also how
those roles shifted among participants across mathematical
situations. In this example, Dean had authority for mathe-
matical authorship, whereas authority for animation resided
primarily with the teacher. Initially we only considered ani-
mation of ideas as occurring through speech. However, there
are other modalities through which mathematics can be
communicated. In the next example, we see how different
modalities can be used to communicate mathematics.

Authority for authoring and animating
mathematical ideas

Consider the following example from a seventh-grade class-
room. At the beginning of the year, the class was reviewing
mental math strategies for multiplying unit fractions by
whole numbers. As a warm-up, students independently
found !> of 5 using as many different mental strategies as
possible, and then explained their answers.

Example 2—Authority for authoring and animating

Teacher Okay can somebody defend the answer of
two and a half? Carlos?
Carlos I’d turn five into a fraction, so five, um,

five out of one.

Teacher Like that? [Writes 71 on the board.]

Carlos Yeah. Then I, I divided it by, by a half.
[Teacher writes + ¥ on board]

Teacher How did you do that?

Carlos Well. [Pause] I messed up there.

Orlando I could finish his problem up for him.

Teacher Do you want help? [Carlos nods.] Okay,
go ahead.

Orlando So you have to make the equal denomina-
tors for both of em. So in this case it
would be two. [...] Then five over one
will equal ten over two. Now you divide
them. Ten over two divided by one over
two. [Teacher writes 1% divided by ¥ on
board.]

Teacher But I don’t know how to do that.

Evan I remember! You have to flip the two and
the one. And then you do ten divided by
two equals five and then you do

Teacher You have to flip?

Evan You would flip two and one.

Teacher Okay so I’'m going to write this. [Writes
195 on the board.]

Evan Then divided by two over one. [Teacher
writes + %1 on board.] And then ten
divided by five, I mean ten divided by
two equals five [Teacher writes = 5, see
Figure 3.]

Evan Over two divided by one which is two.

Teacher Hmm. Can we agree that maybe we’re,

we’re not really sure how this procedure
is working? We’re going to save that for
another day.
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Figure 3. Teacher records students’ solution on the board.
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In this interaction, Carlos, Orlando, and Evan worked
together to collectively author the mathematics under con-
sideration—namely, they defended why 2!~ was a valid
answer to finding /2 of 5 by describing a procedure for solv-
ing %1 + 2. Although the mathematical procedures the
students described contained errors, they generated the
ideas. Thus, the students were the authors in this interaction.
But who publicly communicated the ideas? In this example,
the students simultaneously authored and animated the
mathematics through verbal talk. Although the teacher asked
clarification questions (“Like that?”), probed student reason-
ing (“I don’t know how to do that”), and closed the
discussion, her spoken words did not contribute to the math-
ematical ideas. However, the teacher played a critical role in
communication by creating a written record of the mathe-
matics. In this example we see that animation, or the
communication of mathematical ideas, is not solely an oral
activity. By recording the students’ strategy publicly, the
teacher had authority for the written communication of
mathematics. Thus, we further expanded the modes of math-
ematical activity for which one may have authority to
distinguish between oral forms and visual forms (in this
case, written) of animation. We refer to these activities as
speaking and representing, respectively.

Authority for authoring, speaking, and
representing mathematical ideas

In the previous examples, authority for authoring, speaking,
and representing mathematical ideas varied across the stu-
dents and teacher. In the example that follows, a student has
authority for all three modes of mathematical activity. Here,
a sixth-grade mathematics class is working on generalizing
patterns and writing equations to represent generalized solu-
tions. Each student has independently solved this problem:
As a contractor, you specialize in outdoor brick stairwells.
How many bricks will you need to build a 10-brick-high
stairwell? Figure 4 shows the image provided. Prior to
Kelli’s strategy, shared in this example, students had pre-
sented other strategies such as taking half of the area of a
10-by-10 square and then adding 10 halves.

Figure 4.  The stairwell.
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Example 3—Authority for authoring, speaking and
representing

Kelli So I added the small, the shortest one
[Kelli traces over the leftmost column
with her pencil] with the tallest one [she
traces over the rightmost column]. And I
got eleven [points to the 11 in top left cor-
ner]. Then I added the second shortest
[traces over the second column from the
left] and the second tallest [points to the
second column from the right] and I got
eleven. Then I added

Teacher [interrupting] Okay.

Kelli And then I added the third tallest /points
to third column from left] and the third
shortest [points to third column from
right], the fourth tallest and the fourth
shortest, the fifth tallest and the fifth
shortest. And I got elevens for all of them
[points to the diagonal row of 11s]. Then
I added the elevens to get 55.

Student 1 Oh, that’s a good one.

Student 2 Awesome.

Teacher Aabh, very cool.

In this excerpt, Kelli authored, spoke, and represented the
mathematics. Unlike Dean, Carlos, Orlando, or Evan in the
other two examples, Kelli’s thinking was not filtered by the
teacher. The teacher did not revoice or record Kelli’s think-
ing—instead, Kelli had that authority. Because Kelli was the
author, speaker and representer, she was expected to make
her thinking understandable to others by effectively using
and connecting various mathematical representations
(picture, mathematical symbols, details of problem context)
in her explanation. She was positioned as a sense maker
and expert—a local mathematical authority in this class-
room. We suggest that students need opportunities like
Kelli’s—opportunities to author, speak, and represent their
mathematics.

This example also illustrates how gestures can be used to
communicate mathematics. In contrast to speaking, both
gesturing and writing are visual; consequently, we view the
mathematical activity of representing as encompassing both.
We define representing as a form of animation that is visu-
ally observable, publicly accessible, and mathematically
meaningful. In this example, Kelli’s representing was pri-
marily gestural—instead of writing or recording
mathematics in-the-moment like the teachers in examples 1
and 2, Kelli pointed and gestured to particular aspects of her
written work for emphasis. Kelli’s gestures were mathemat-
ically meaningful because they advanced the mathematics
by highlighting a pattern that she identified within the repre-
sentation. Her gestures encoded visual and spatial
information about the mathematics content and ‘pointed’ to
a physical referent (in this case, her own written representa-
tions). Additionally, whether writing or gesturing, we



suggest one’s location within the classroom when engaging
in these activities can physically position the person and
what they write or gesture to as the center of attention and,
thus, in a position of authority. Consequently, we consider
representing as a significant marker of mathematical author-
ity in a classroom (see also Engle, Langer-Osuna &
McKinney de Royston’s, 2014, notion of spatial privilege).

The role of the teacher: authority as shared
In the previous example there are many positive aspects
related to Kelli’s mathematical authority. But we wondered
how and for what reasons the teacher might productively
insert herself into the conversation. At times, we believe
teachers can and should share authority for authoring,
speaking, and representing in ways that support and encour-
age deeper student engagement with important mathematical
ideas. This does not mean that when students and teachers
share authority that they have ‘less’ authority than either
would have had if they acted independently. Authority is not
a fixed resource to possess. Instead, we see mathematical
authority for different activities as expanding and circulating
to accommodate all participants who want to contribute.

In the following example, Ms. K’s fifth-grade class was dis-
cussing whether the relation -x < x was always, sometimes, or
never true. One student, Laura, used examples of x = 5, x = -5,
and the interpretation of the ‘-’ symbol as ‘the opposite of’ to
argue that -x < x was sometimes true. In the example below,
Bailey questions Laura’s interpretation of “negative negative
5” and offers an alternative interpretation that appears to con-
flate the operations of negation and addition.

Example 4—Shared authority

Bailey But I don’t really get it. If you have a neg-
ative on the x and then if you add another
negative, does that really make it a nega-
tive negative? Cuz I thought it was like a
negative plus a negative. And that is a
deeper negative.

Teacher So what you’re wondering, do you under-
stand her little bit of confusion?

Emily She’s saying if x was negative 5 and if the
x had a negative it would go deeper into
the negative numbers by adding.

Teacher So what you’re thinking, this [gestures to
board where she has written -x = -x + -x.]
is like adding two negatives if the value
of x is negative.

Bailey Yeah.
Teacher Okay. So give me a number.
Student Eight.

Teacher Okay, where is the variable here?
[Teacher writes —x on board]

Laura X.

Teacher

Teacher

Teacher

Hays

Teacher

Teacher

Emily
Teacher

Maria

Teacher

Maria

Student

Teacher

x. Right here, let’s circle it [circles x in
the expression —x]. This is our variable.
So if I tell you that x is eight [writes x = 8
on board]. How do I write this? [gestures
to the negative sign and then to the x in
the expression —x]

[Multiple students raise their hands]

Because you’re telling me I’'m replacing
this x with this [gestures to 8]. How
would I write negative x?

[To Maggie] Go write it. And see if you
agree with Maggie on this. [Maggie
writes —8 on board] Do you agree?

Yeah.

We are saying x is the same as eight.
[Gestures to equation x = 8] So Maggie
is saying I'm replacing that x with eight.
[Points to the circled x in the expression
—x.] But I still have to put this symbol on.
[Points to negative sign in the expression

-x.]

Write down what you think she’s going to
write if x is negative eight. [Erases x = 8
and writes x = -8. Then Maggie writes
— =8 on the board] Is that what you wrote?

Yes.
Maria what do you think?

Double negative eight. Yeah. And it
equals eight.

So where is her variable? This is the x
right here. [Circles x in the expression —x,
circles -8 in Maggie’s expression — -8,
and draws an arrow connecting the cir-
cled terms.]

Yes. It’s a double negative because you
have to add the negative to negative
eight. [Teacher draws an arrow from the
negative sign in —x to the leftmost nega-
tive sign in — -8. Maggie points to -8, see
Figure 5.]

It’s the opposite of negative eight.

So we’re not saying adding two negatives
together, right? And I think that’s where
Bailey got mixed up. I was hearing some
people say a negative plus a negative is a
positive. So we want to be clear that we
are talking about the opposite of that
number and not adding two negatives.
Okay.
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Figure 5. Maggie and the teacher identify the variable.

This example illustrates how students and teachers can
share mathematical authority in the sense that both the stu-
dents and the teacher had authority for each of authorship,
speaking, and representing. In terms of authorship, Bailey
expressed doubt about Laura’s interpretation of negative
negative 5 and offered an alternative interpretation. Emily
then revoiced Bailey’s claim, and later in the segment stu-
dents interpreted mathematical symbols and provided
examples. The teacher contributed to the mathematics
authored in this excerpt by demonstrating how to substitute
values for a variable using symbolic notation (i.e., “So Mag-
gie is saying I’m going to replace that x with 8. But I still
have to put this symbol on.”), clarifying orally and in written
form the distinction between the sum of two negatives and
the opposite of a negative, and explicitly rejecting the mean-
ing of - -8 as adding two negatives. Importantly, her
authoring activities, as well as the students’, were realized
through speaking and representing (both the teacher and
Maggie wrote on the board and the teacher repeatedly ges-
tured to the written mathematics).

In this example, the teacher productively inserted herself
into the conversation through jointly authoring, speaking,
and representing important mathematical ideas with students
including how to appropriately use and interpret mathemat-
ical symbols and attach meaning to expressions,
encouraging the use of the unary operation of negation as a
meaning of the negative sign, and supporting students to
understand variables as a varying quantity (as opposed to a
fixed value that makes an equation true). In contrast, the
teacher in the third example supported students’ mathemati-
cal authority by completely deferring to Kelli, thereby
giving her the opportunity to be sole author, speaker, and
representer. We believe the interactions in both of these
examples promote students’ mathematical authority, but in
different ways.

Discussion

Creating classrooms in which students actively participate in
doing mathematics necessitates a shift from the teacher as
the primary mathematical authority. This shift is described
by Stein, Engle, Smith, and Hughes (2008) as a classroom
norm in which “students are ‘authorized’ to solve mathemat-
ical problems for themselves, are publicly credited as the
‘authors’ of their ideas, and develop into local ‘authorities’ in
the discipline” (p. 332). But questions of student authority
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and control are difficult issues for teachers to navigate
(Oyler, 1996). Moreover, admonitions for greater student
authority are often misinterpreted and misunderstood. For
example, a common approach to increase student authority
is teacher withdrawal or abdication (Chazan & Ball, 1999).
In other words, a teacher may choose not to intervene for
fear of undermining or ‘taking’ some of the student’s mathe-
matical authority. We believe the transactional metaphor is
at the root of this misunderstanding.

Instead of viewing authority as a fixed resource wherein
an increase in the teacher’s authority necessitates a decrease
in student authority, we have suggested an alternative in this
article where authority is conceptualized as fluid, expanding,
and interactively constituted in a given situation. This
amounts to what we, and others, describe as shared authority
(Gerson & Bateman, 2010; Oyler, 1996; see also Amit &
Fried’s, 2005, revised authority or Benne’s, 1970, anthro-
pogogical authority). If authority is conceptualized as fluid,
expanding, and situational, both teachers and students can
have mathematical authority simultaneously without dimin-
ishing each other’s authority, as demonstrated in the last
classroom excerpt we shared. When the teacher intervened,
she did not diminish the students’ mathematical authority
but, we argue, enhanced their authority and hers by connect-
ing student ideas to disciplinary knowledge and accepted
conventions and meanings for symbols. Teachers often have
expertise and knowledge that students do not. It is precisely
that expertise and knowledge that can be used to support dis-
ciplinary accountability while also empowering students as
local mathematical authorities through shared authority
(Stein et al. 2008).

A distinction made in the literature is that of being an
authority versus being in authority (Wagner & Herbel-
Eisenmann, 2014). Being an authority is the authority one
has by virtue of perceived expertise, competence, or knowl-
edge whereas being in authority is the authority one has by
virtue of their position. We have described being in authority
as pedagogical authority. Teachers, presumably, are an
authority (i.e., a subject matter expert) who is in authority
(i.e., occupies an institutional position imbued with influ-
ence over others). Because both forms of authority are
continually present in teacher-student relationships, this is a
constant tension teachers navigate as they choose when to
defer and when to intervene, and determining how to bal-
ance individual students’ development as local mathematical
authorities with the collective generation of new knowledge
as a class. We suggest that the different modes of mathemat-
ical authority shared here—authoring, speaking, and
representing—are a useful lens to reflect on practice, and
that situational awareness of these activities is a productive
starting point to help teachers navigate this tension. We also
encourage teachers to have explicit conversations with their
students about different modes of mathematical authority.
We believe introducing these ideas to students can promote
the importance of authority and encourage students to take
on more and different types of mathematical authority.

In the literature, authority is often associated with stu-
dents’ problem-solving opportunities and/or their ability to
generate or select strategies that are sensible to them—what
we have termed, authoring. But teachers and students nego-



tiate authority not only for the mathematical ideas authored
but also for the ways in which they are communicated. We
have presented an expanded view of authority in mathemat-
ics classrooms that allows us to describe mathematical
authority with more specificity and precision by unpacking
who has authority for the related, yet different mathematical
activities of authoring and animating. Further, our separation
of animation into the different forms of speaking and repre-
senting helps us differentiate two important forms of
mathematical communication. We believe students’ ability
to engage with and produce various forms of written text is
a critical component of mathematical learning. Thus, our
inclusion of representing as a component of authority has the
potential to help us understand the extent to which students
have access to written and gestural forms of mathematical
language that are critical for their learning. We hope that
broadening our conceptualization of mathematical authority
to include speaking and representing, in addition to author-
ship, may help teachers and students to recognize and
productively share these different forms of authority in dif-
ferent mathematical situations.
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Note
[1] All of the classroom examples are edited for clarity. Pseudonyms are
used for all participants. We considered the entire excerpt in each example

as a single mathematical situation because of the consistent mathematical
focus and collective activity.
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