
41

Laura R. Van Zoest 
Western Michigan University

Shari L. Stockero
Michigan Technological University

We draw on research into the durability of 
sociomathematical and professional norms 
to make a case for attending to productive 
norms in teacher education experiences. 
We illustrate that productive norms have 
the potential to support teacher learning by 
(a) improving teachers’ own mathematical 
understanding, particularly of specialized 
content knowledge; (b) supporting teachers 
to productively view and analyze classroom 
practice; (c) providing teachers an expe-
riential basis for thinking about fostering 
productive norms in their classrooms; and 
(d) helping teachers to develop professional 
dispositions that support continued learning 
from practice. This work points to the impor-
tance of intentionally considering the norms 
cultivated in teacher education experiences, 
assessing their productivity, and strategically 
focusing on those that provide the best sup-
port for teacher learning.
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No teacher education experience, no matter how well 
designed or thorough, will be sufficient to prepare teach-
ers for all that they will face in their future classrooms 
(Feiman-Nemser, 2001; Hiebert, Morris, Berk, & Jansen, 
2007). This makes it critical that the limited time teacher 
educators have with teachers—particularly in methods 
classes—be used to lay a foundation that can be built 
on as they engage in the practice of teaching. One way 
to help do this is to intentionally cultivate patterns of 
behavior that support both short- and long-term teacher 
learning.

Knowing that the nature of a classroom’s norms has been 
shown to significantly affect the learning that takes place 
within the classroom (e.g., Cobb, Wood, Yackel, & Mc-
Neal, 1992; Kazemi & Stipek, 2001), many mathematics 
teacher educators intentionally cultivate norms that create 
the kind of environment they feel will support teacher 

learning in their classrooms. Often, however, these norms 
focus on engaging teachers in the learning rather than on 
supporting the learning itself. An example of this would 
be focusing on the norm of having teachers explain their 
mathematical thinking about a given task, without being 
intentional about developing norms for using that thinking 
to support understanding of the mathematical concept(s) 
underlying the task. The result is a high level of participa-
tion that meets an important process goal, but may fall 
short of meeting important content goals (see, for exam-
ple, Stockero & Van Zoest, 2011). In this sense, norms are 
often an underutilized teacher education tool.

Our work suggests that some norms have the potential to 
support teacher learning beyond that which takes place 
in a particular course or even an entire teacher educa-
tion program (Van Zoest, Stockero, & Taylor, 2011). We 
draw on our research into the durability of professional 
and sociomathematical norms intentionally fostered in an 
initial mathematics methods course to make a case for 
the long-term benefits of attending to productive norms in 
teacher education experiences. In doing so, we highlight 
four ways in which productive norms have the potential 
to support teacher learning. We conclude with implica-
tions for teacher education and questions for future work.

Defining Norms

In classrooms, norms are regular patterns of behavior that 
affect the nature of the learning that occurs within them. 
In some cases, teachers (in our work, teacher educators) 
may intentionally foster specific patterns of behavior, 
but norms exist regardless of whether the teachers and 
students are aware of them (Bauersfeld, Krummheuer, & 
Voigt, 1988; Voigt, 1998).

Yackel and Cobb (1996) made a key distinction between 
social and sociomathematical norms. Social norms are 
regular patterns of behavior that can apply to any subject 
area and, thus, are not unique to mathematics classrooms, 
while sociomathematical norms are specific to mathemat-
ical activity. Seago, Mumme, and Branca (2004) intro-
duced the term professional norms to indicate standard 
patterns of behavior unique to learning about teaching. 

These different types of norms are often related. For 
example, the social norm of supporting one’s answer with 
an explanation creates the need for the sociomathemati-
cal norm of what counts as a mathematical explanation 
and is related to the professional norm of backing up 
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claims about teaching and learning. Supporting one’s 
answer with an explanation is a social norm because it 
is not unique to a mathematics classroom; it could also 
be a norm for interacting in an English, science, or his-
tory class. What counts as a mathematical explanation 
is unique to mathematics, although the norm could look 
different in different classrooms. For example, in one 
classroom, saying what one did might suffice, while in 
another, the explanation might require providing math-
ematical justification for what one did. 

The majority of work with sociomathematical norms has 
been in the context of learning what Ball, Thames, and 
Phelps (2008) described in their Domains of Mathemati-
cal Knowledge for Teaching as common content knowl-
edge: “mathematical knowledge and skill used in settings 
other than teaching” (p. 399). Our work with teachers, 
however, also focuses on the development of special-
ized content knowledge: “mathematical knowledge and 
skill unique to teaching” (Ball et al., 2008, p. 400). Even 
though the level of the activity is different, we have found 
that the sociomathematical norms themselves are similar. 
For example, while the students’ focus would be on pro-
viding a mathematical explanation for their solution, the 
teacher’s focus might also include determining whether 
a student’s explanation is sufficient and mathematically 
accurate. 

Backing up claims about teaching and learning is a pro-
fessional norm because it is specialized to the work of 
learning about teaching. Similar to the sociomathematical 
norm what counts as a mathematical explanation, this 
professional norm also varies across learning contexts. In 
one teacher learning setting, it might include initial im-
pressions and simple reflections, while in another, teach-
ers might substantiate claims about teaching and learning 
using classroom-based evidence, including student work, 
dialog, and other artifacts of practice.

Research on norms in mathematics education has at 
its core the intent to develop inquiry-based classrooms 
that engage learners in worthwhile mathematics (e.g., 
National Council of Teachers of Mathematics [NCTM], 
2000). Thus, research has focused on how existing norms 
provide obstacles to this goal, what norms might sup-
port meeting the goal, and how these supportive norms 
can be developed in classrooms. In general, it has been 
established that intentionally fostering productive norms, 
particularly productive sociomathematical norms, can 
improve mathematics learning at any level—for example, 
elementary (Mottier Lopez & Allah, 2007), secondary 
(McClain, 2009), university (Stylianou & Blanton, 2002), 
teacher preparation (McNeal & Simon, 2000), and profes-
sional development (Clark, Moore, & Carlson, 2008). Of 
particular relevance to teacher education is the finding 

that an investment in developing these productive norms 
in methods courses can support teachers’ future learning 
(Van Zoest et al., 2011). Drawing on this growing body 
of research on norms, we use the adjective productive to 
distinguish norms that support student learning from other 
norms that may have no effect on learning (e.g., the stu-
dents always write in pencil) or may actually undermine it 
(e.g., the teacher does all the thinking during lessons). 

In this article, we provide more detailed examples of 
two productive norms—one sociomathematical and one 
professional—that we use to illustrate the ideas in the 
remainder of the paper. The examples are drawn from 
a study investigating the extent to which prospective 
teachers’ experiences and learning in an initial secondary 
school mathematics methods course have long-term ef-
fects on their professional practice (e.g., Van Zoest et al., 
2011). Before continuing, we give an overview of both the 
course and the study.

The Course

The initial methods course was the first of three courses 
devoted to the teaching of secondary school mathematics 
in an NCTM (2000) Standards-based teacher preparation 
program that focused on teaching mathematics for stu-
dent understanding. The first course focused on teaching 
at the middle school level, with an emphasis on analyzing 
and understanding student thinking and implementing 
instructional practices with small groups of students. The 
second course focused on using technology to support 
mathematics instruction, and the third focused on teach-
ing at the high school level, with an emphasis on unit 
planning and whole-class instruction. 

We approached both the development of the initial math-
ematics methods course and the research from a situated 
perspective (e.g., Borko et al., 2000). That is, we gener-
ated learning situations that were similar to those in which 
we intended the learning to be used, and we studied 
the way in which participants interacted in them. In the 
context of the initial methods course, we used the profes-
sional development curriculum Learning and Teaching 
Linear Functions (LTLF): Video Cases for Mathematics Pro-
fessional Development, 6-10 (Seago et al., 2004) to help 
prospective teachers learn to analyze student thinking 
and teacher decisions during classroom interactions, as 
well as the relationship between them. Each of the eight 
LTLF video modules began with the prospective teachers 
individually solving a mathematics problem, after which 
they shared and discussed their solution strategies as a 
group. The prospective teachers then viewed video clips 
of school students sharing their thinking about the same 
problem, and analyzed and discussed the student think-
ing and teacher actions seen in the video. This is similar 
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to the type of ongoing analysis in which teachers need 
to engage in order to make sense of and build on student 
thinking during instruction. In addition, the prospec-
tive teachers had an opportunity to “try out” the ideas 
they were learning with small groups of middle school 
students. They did so by planning for and implementing 
tasks from the LTLF modules, after which they reflected 
on students’ thinking and ways in which they as the 
teacher either supported or inhibited that thinking. More 
details about the structure and content of the course 
can be found in Van Zoest and Stockero (2008a, 2008b, 
2009) and Van Zoest, Stockero, and Edson (2010). 

In the discussions of the LTLF video cases and of the 
prospective teachers’ work with middle school students 
in the initial course, the instructors focused on cultivating 
professional and sociomathematical norms embedded 
in the LTLF curriculum (see Table 1). These norms were 
intended to support the development of professional skills 
and dispositions necessary for teachers to productively 
study practice with their colleagues. Although we were 
intentional about cultivating these norms, at the time 
of the study we used what Bernstein (2004) called an 
invisible pedagogy in that neither the norms themselves, 
nor the moves we made to cultivate them, were made 
explicit to the teachers.1 When the teachers shared their 
mathematical thinking, for example, we pushed them 
to provide a mathematical justification, rather than just 
report the procedure they had used, but did not explicitly 
discuss that we were cultivating justification as a desired 
pattern of behavior. Research on the learning outcomes 
of the course before and after incorporating the LTLF cur-

riculum (Stockero, 2008a; 2008b) documented, among 
other things, evidence of prospective teachers engaging in 
the norms embedded in the LTLF curriculum—norms that 
had not been evident among prospective teachers in the 
course prior to incorporating the curriculum.

The Study

The study looked at the long-term effects of teacher expe-
riences in the previously described initial methods course 
on their professional practice. The participants were 11 
prospective secondary school mathematics teachers (PTs) 
enrolled in the third methods course, and 16 beginning 
secondary school mathematics teachers (BTs) who were 
graduates of our program with fewer than four years of 
teaching experience. The PTs had been enrolled in the 
initial methods course in four different semesters, with 1 
to 4 enrolled in the course during any given semester; the 
BTs had been enrolled in five different semesters, with 2 
to 4 concurrently enrolled. Both authors taught and de-
signed the course, but approximately half of each partici-
pant group had taken it from other instructors. The other 
instructors were mentored by the first author, used the 
same curriculum, and cultivated the same norms. Includ-
ing both the PTs and BTs in the study enabled us to look 
at the extent to which documented learning outcomes 
persisted at different points in time.

To understand how the initial methods course activi-
ties may have supported long-term teacher learning, we 
separately engaged the PT and the BT groups in activities 
centered on the Counting Cubes Problem2 in Figure 1. 

1	 As a result of what we have learned from our research program, we now make more explicit to teachers the specific norms that we are cul-

tivating in our work with them. This allows the productive norms that they are experiencing to become a topic of discussion, adding another 

layer of potential learning. By doing this, we are able to more fully take advantage of the spectrum of ways that norms can support teacher 

learning. 

2	 The Counting Cubes Problem and the accompanying video are from the Turning to the Evidence project (see Seago & Goldsmith, 2005).

Table 1 
Sociomathematical and Professional Norms in the LTLF Curriculum (Seago et al. 2004)

Sociomathematical norms Professional norms

Naming, labeling, distinguishing, and comparing mathematical 
ideas [naming and comparing]

Using mathematical explanations that consist of a mathematical 
argument, not simply a procedural description or summary  
[mathematical argument]

Raising questions that are related to the mathematics and push on 
understanding of one another’s mathematical reasoning  
[pushing understanding]

Listening to and making sense of or building on others’ 
ideas [listening]

Adopting a tentative stance toward practice—wondering 
versus certainty [tentative stance]

Backing up claims with evidence and providing reasoning 
[evidence]

Talking with respect yet engaging in critical analysis of 
teachers and students portrayed on the video
[critical yet respectful]
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These activities were similar to those they had participat-
ed in during the initial methods course. The PTs engaged 
in the activities during one 80-minute class session in 
their third (and final) methods course of the program; the 
BTs engaged in the activities during a 1-day professional 
development session held as part of the study. Neither of 
the two other mathematics teacher education courses in 
the program used video analysis as an instructional tool. 
Beyond the expectation in the second course that writ-
ten responses to mathematics problems were to include 
detailed explanations of their thinking and the expecta-
tion in the third methods course that prospective teachers 
listen to each other as they discuss ideas about teaching, 
there was no evidence to suggest that the norms culti-
vated through the LTLF curriculum (see Table 1) had been 
specifically addressed in the remainder of the mathemat-
ics teacher education courses. None of the BTs’ profes-
sional development experiences since graduation (as in-
dicated in an online survey) had used video case analysis 
as an instructional tool or been focused specifically on 
mathematics instruction. Thus, there was no evidence 
to suggest that any of the participants had engaged in 
discussions grounded in representations of practice where 
norms such as those in Table 1 were intentionally culti-
vated since they had taken their initial methods course. 

To gain insight into the participants’ individual thinking 
and their interactions in the group, data for the study in-
cluded both participants’ written work and recordings of 
the group discussions. The individual work included solu-
tions to the mathematical task, predictions about poten-
tial student solutions, and reflections on the video cases 
and on the session overall. The writing prompts and those 
given by the authors in their role as session facilitators 
were carefully worded and intentionally left open-ended 
to avoid directing the participants’ thinking or prompt-
ing them to consider norms. For example, participants 
were asked, “What did you notice in this segment about 
students’ thinking?” and “What did you notice about 

the teacher’s questions, contributions, actions, or role in 
instruction?” 

Transcripts of the recordings and the written work were 
coded independently by at least two researchers for 
examples and counterexamples of each targeted norm. 
Counterexamples were important to document because 
they allowed us to determine whether a behavior that vio-
lated a targeted norm was recognized and addressed by 
other group members. The research group met through-
out the process to verify that the coding was consistent 
and to resolve any differences. 

The researchers then looked across the coding to de-
termine what behaviors were normative for the group. 
This analysis involved developing multiple charts that 
cross-referenced examples and counterexamples for 
each targeted behavior by participant and data source. 
These charts were used to determine the number of 
participants who engaged in each target behavior and the 
number of behaviors in which each participant engaged. 
This allowed the researchers to draw conclusions about 
whether each behavior was normative for the group. 
Note that classifying a behavior as a group norm did not 
mean that everyone engaged in it all the time, but rather 
that it appeared to be the standard pattern of behavior to 
which the group aspired. Thus, a behavior was classified 
as normative if most participants engaged in the behavior 
when appropriate to do so, and when they did not, the 
behavior was corrected or addressed by another member 
of the group. 

For more details on the study methodology and results, 
including individual and group analyses of the PTs and 
BTs, see Van Zoest et al. (2011). Henceforth, the PTs and 
BTs collectively will be referred to as “the teachers.” In 
the following section, we provide examples of two pro-
ductive norms that will be used to illustrate the ideas in 
the remainder of the article.

Building 1 Building 2 Building 3

Study the sequence of cube buildings below. Assuming the sequence 
continues in the same way, how many cubes will there be in the 4th building? 
The 17th building? The nth building?

Figure 1. Counting Cubes Problem solved by the teachers in the 
study and the students in the video they watched.
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Examples of Productive Norms
Mathematical Argument 

The sociomathematical norm of using mathematical 
explanations that consist of a mathematical argument, not 
simply a procedural description or summary [referred to 
as mathematical argument] (Seago et al., 2004) has been 
found to create rich opportunities for students to engage 
as mathematical thinkers (see Yackel, 2002, for an analy-
sis of argumentation across grade levels). Because proof 
and justification are central to the discipline of mathemat-
ics, this norm is particularly important to mathematics 
instruction that focuses on sense-making and developing 
a deep understanding of mathematical ideas—qualities 
advocated by the NCTM Standards (e.g., 2000) and the 
Common Core State Standards for Mathematics (CCSSI, 
2010). We turn now to examples from our study to ex-
plore what counts as a mathematical argument.

We begin by looking at some attempts to provide math-
ematical arguments for the Counting Cubes Problem 
(Figure 1) that were identified as counterexamples to the 
norm because they lacked adequate mathematical justi-
fication. For example, in response to the prompt “show 
how you arrived at your solution,” one teacher wrote 
about his expression, 5x – 4, “I counted the differences, 
noticed that the pattern increased by 5 each time, so I 
chose 5x. Then I used mathematical thinking to decide 
on what to add or subtract.” Similarly, another teacher 
explained the constant term negative four as follows:  
“[B]uilding One started with one. That means five less 
would have been negative four. Building Zero would have 
been negative four cubes. And that’s where the negative 
four comes from.” Both of these cases were identified as 
counterexamples to the mathematical argument norm be-
cause the responses simply summarized the process used 
to arrive at a final expression, rather than justifying why 
the final expression made sense mathematically.

The following two responses exhibit the norm, even 
though the explanations left room for improvement. To 
justify her expression, 5n – 4, a teacher wrote, “My solu-
tion accommodates my visualization of 5 blocks adding 
every [time] to the original cube: one cube spreading 
out at its arms.” While this teacher justified the first term 
of the expression, 5n, she made no attempt to explain 
the negative four, rendering her argument incomplete. 
Another teacher provided a stronger explanation of his 
expression for the total number of cubes in the nth figure, 
n + 4(n – 1): “The solution relates to the picture by the 
single n as the center [column] growth, the 4 is the num-
ber of [horizontal] legs and the (n – 1) is because each leg 
contains 1 less block than the figure number.” Although 
his language was not precise (i.e., he identified n as the 

center column growth, instead of the number of blocks in 
the center column), he justified each part of the expres-
sion in relation to the diagram provided with the task. It is 
this justification based on mathematical ideas that is the 
intent of the mathematical argument norm.

The above examples were in the realm of common con-
tent knowledge (Ball et al., 2008) because they involved 
the teachers solving a basic algebra task. We turn now 
to an example that draws on specialized content knowl-
edge. In this example teachers were asked to predict how 
students might think about the Counting Cubes Problem, 
drawing on specialized content knowledge because 
predicting others’ thinking is unique to teaching. In this 
context, argumentation was used when teachers went 
beyond predicting correct or incorrect expressions that 
students might produce, to thinking about how students 
might visualize and make sense of the task. One teacher, 
for example, engaged in the norm of mathematical argu-
ment when she described one way that students might 
think about the task that would result in an expression of 
5n – 4: 

So one of the ways that I thought of [how] a 
student might think of [the] arm length, if you 
think about the arm length as being the same as 
the building number, then [in the five arms] you 
would know you counted the middle block four 
times too many. So you could multiply the build-
ing number by five, but then subtract four.

In this case, the explicit language and description that the 
teacher used in sharing her prediction of student think-
ing went beyond a procedural account of what students 
might do, to a justification of why the students’ thinking 
would mathematically make sense. 

Evidence 

The professional norm of backing up claims with evi-
dence and providing reasoning [referred to as evidence] 
(Seago et al., 2004) supports teachers in making sense of 
classroom events and drawing conclusions that will help 
them improve their practice. Rather than responding to 
events based on emotions or initial reactions that may 
not accurately reflect the underlying issues, this norm 
helps teachers learn to use classroom-based evidence to 
make decisions that support the development of students’ 
mathematical understanding. In our study, this behavior 
was exhibited in two different ways: (a) when participants 
quoted the video transcript verbatim (or nearly so), and 
(b) when participants referenced specific line numbers 
from the transcript to support an argument. The transcript 
excerpt in Figure 2 illustrates these two ways. 
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Teacher 1 quoted the transcript verbatim (“It’s like the 
line, ‘Could someone think they can show that they’re 
the same or different?’”) to support her idea that the 
teacher’s goal was to help the class realize that two of 
the expressions, 5n – 4 and 1 + 5(n – 1), were the same, 
just written in a different way. Teacher 2 referenced a 
line number to further support the claim that the class-
room teacher was trying to get the students to compare 
different mathematical expressions. Teacher 3 used line 
numbers to provide a rationale for his thought that Zach 
was the one who articulated what each group’s expres-
sions were representing [one group used zero as their first 
building number and the other group used one, resulting 
in different expressions]. In this excerpt, the teachers were 
spontaneously engaging with the evidence norm by using 
quotes from the transcript and line numbers to support 
their thinking. Rather than making unfounded claims or 
providing an emotional reaction to an idea under discus-
sion, the teachers were engaged in analyzing and making 
sense of what was actually being said by the students and 
teacher in the video and what it meant in relation to stu-
dent understanding of the mathematics. It is this emphasis 
on attending to aspects of classroom interactions that can 

be used to learn from teaching that makes the evidence 
norm productive. 

In the following section, we use these two examples 
of productive norms—mathematical argument and 
evidence—to illustrate our findings about how cultivat-
ing productive norms in methods courses can support 
teacher learning (e.g., Van Zoest et al., 2011). 

Reasons for Cultivating Productive 
Norms
Many teacher educators are aware of norms and take 
steps to cultivate specific norms in their teacher educa-
tion contexts, yet fall short of taking full advantage of the 
different types of learning that norms might support. We 
have found that productive norms have the potential to 
support teacher learning by (a) improving teachers’ own 
mathematical understanding, particularly the specialized 
content knowledge needed for teaching; (b) supporting 
teachers in learning to view and analyze classroom prac-
tice in productive ways; (c) providing teachers an experi-
ential basis for thinking about fostering productive norms 

During the professional development session, the facilitator prompted the following 
discussion by noting a teacher’s observation that the students in the video were 
making sense of several different expressions and asking whether the participants 
had any observations regarding the connections being made among these expres-
sions.

Teacher 1: 	 Well, I think the teacher probably kicked it off when he said, “Are they the 
same or are they different?” . . . It’s like the line, “Could someone think they 
can show that they’re the same or different?” and Zach raises his hand. So, 
Zach is kind of prompted to go up to the board and say, “Hey, these are, you 
just have to use this distributive property thing.”

Teacher 2: 	 [The teacher] also asked, on line 32, um, to Cassie, “How is yours different 
or the same as what Arden and Yoshio did?” And that was one of the things 
I think [another teacher in her small group] pointed out, for me, maybe that 
Cassie didn’t quite understand it. [Cassie] said, “The only thing that was differ-
ent was that we subtracted and he added.’’ And that really didn’t—

Teacher 1: 	 That doesn’t make a lot of sense.

Teacher 2: 	 It doesn’t make a lot of sense. I mean, it makes it, maybe visually it makes 
sense, okay they have an adding sign and we have a subtracting sign, but it 
didn’t get to really the root of what’s different about it.

Teacher 3: 	 For me, I thought 46 through 49 was like a big moment, where [Zach’s] like,  
“I think what Arden is trying to do” and he nailed it, he said, “Arden’s calling it, 
they’re just renaming their variables.”

Figure 2. Excerpt from discussion during the professional development session.
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in their classrooms; and (d) helping teachers to develop 
professional dispositions that support continued learning 
from practice. 

In the following sections, we describe, and draw on our 
work to illustrate, each of these reasons for cultivating 
productive norms in teacher education. Although we dis-
cuss the reasons separately to highlight the contributions 
each makes, we see them as interacting with one another 
in supportive ways to achieve the goal of improved class-
room practice.

Improving Teachers’ Mathematical  
Understanding

The reason for cultivating productive norms most com-
monly discussed in the literature (e.g., Grant, Lo, & Flow-
ers, 2007; McNeal & Simon, 2000) is to help teachers 
improve their own mathematical understanding. Through 
cultivating specific sociomathematical norms, such as 
mathematical argument, learners are pushed to make 
sense of mathematical ideas they may previously have 
only superficially understood.

The examples in the mathematical argument section il-
lustrate how cultivating this norm helps teachers develop 
a deeper understanding of mathematics. When teachers 
engage in this norm, they go beyond knowing how to get 
an answer, to understanding why the answer makes sense 
mathematically and what mathematical ideas underlie 
the solution process. Consider, for example, the subtle 
difference between the statements, “I counted the differ-
ences, noticed that the pattern increased by 5 each time, 
so I chose 5x” and “My solution [5n – 4] accommodates 
my visualization of 5 blocks adding every [time] to the 
original cube: one cube spreading out at its arms.” The 
first statement asserts that the number of blocks increases 
by 5 each time, while the second explains why this is the 
case. The second, we argue, is more productive in that the 
ability to provide this kind of justification is an important 
component of the common content knowledge teachers 
are being asked to help their students develop, knowledge 
that goes beyond learning procedures to making sense of 
mathematics (e.g., CCSSI, 2010; NCTM, 2000).

In the methods course, we specifically engaged teach-
ers in doing mathematics and providing justification 
to prepare them to engage with the LTLF videos. We 
have found, however, that cultivating the mathematical 
argument norm also supports teachers in developing 
specialized content knowledge, as it helps them learn 
to recognize what student explanations might count as 
a mathematical argument. We see this in the following 
excerpt, in which a teacher discussed how students in 
the video were able to justify a part of a mathematical 

expression that the teachers themselves were unable to 
justify in their own discussion. 

I couldn’t figure out how to describe where you 
take away the four. ‘Cause I did it like [another 
teacher] did it, with the four—well, I did it in a 
table, but then I also saw the 4(n – 1) + n. I was 
like, “Oh, well, that’s how you get your minus 
four.” But I like how this [student explanation] 
actually shows this is how you take away the four.

In this excerpt, the teacher provides some indication that 
hearing the student’s mathematical argument helped 
her better understand the mathematics in the task. If the 
mathematical argument norm had not been established, 
it is quite possible that this teacher would not have been 
uncomfortable with her own inability to provide an argu-
ment, and thus, would not have noted the significance of 
the argument the student provided. Thus, cultivating the 
mathematical argument norm appears to have supported 
this teacher’s own mathematical learning, as well as her 
ability to productively analyze practice—a second way 
that norms can support teacher learning.

Viewing and Analyzing Classroom Practice

The cultivation of productive sociomathematical and 
professional norms, such as mathematical argument and 
evidence, also supports teachers in learning to view and 
analyze classroom practice in productive ways, including 
making sense of student ideas, becoming more tentative 
about initial analyses, and seeking evidence to support 
conclusions about student learning (Stockero, 2008a, 
2008b). 

The sociomathematical norm of mathematical argu-
ment prepares teachers to both recognize when students 
provide a sound mathematical argument (as seen in the 
previous excerpt) and notice when a student’s explana-
tion may indicate an incomplete understanding of the 
mathematics. For instance, a teacher noted that two 
students in the video “had the slope figured out by their 
reasoning of the picture and found the intercept by fitting 
their line into their data. They didn’t have conceptual rea-
soning based on the picture [for] why you should subtract 
4.” In this case, the teacher recognized that the student 
seemed to have a sound understanding of slope, but may 
not have fully understood the meaning of the intercept in 
this problem context. This analysis of practice is markedly 
different from that in which teachers make judgments 
about students’ understanding based on whether or not 
their answer is correct.

Cultivating the mathematical argument norm in their 
initial methods course also supported the teachers in our 
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study in noticing whether the norm seemed to be in place 
in the classroom they analyzed in the video. For instance, 
one teacher noted: 

[I]t’s very important that students were expected 
to explain their work to their peers. This verbal 
explanation—added onto their written work—
makes misconceptions more obvious and also lets 
other students hear explanations [of] classmates. 
Also, [it] shows if they really understand what 
they did. 

Here, the teacher noticed that the norm of mathemati-
cal argument was in place and articulated the value of 
this norm for its ability to support teaching and learning. 
This type of noticing has the potential to support teachers 
in continuing to learn from practice, as it helps them to 
make sense of how mathematical understanding can be 
supported in a classroom.

The professional norm of evidence also supported the 
teachers in productively viewing and analyzing practice. 
Recall that this norm was exhibited when teachers used 
video transcript line numbers or quotes to support their 
analysis of practice. This use of evidence can be seen 
throughout the excerpt in Figure 2. The resulting dialogue 
is very different from that which occurs when analyses 
of practice are based on recollection and emotion—
a common occurrence in teacher education settings. 
When the evidence norm is in place, teachers are able 
to engage in grounded analysis and reflection in which 
they learn to make sense of what is actually being said 
by the students or teacher. This helps teachers develop 
listening skills that are critical to student-centered instruc-
tion and learn to focus on key aspects of the interactions 
that matter to student learning—professional habits that 
lay a foundation for continued learning from practice. In 
addition, despite differences in the reflection time and 
type of evidence available, there is some indication that 
dispositions developed through teacher education experi-
ences focused on analyzing artifacts of practice transfer 
to classroom instruction (Sherin & van Es, 2009). Thus, 
cultivating the disposition of using evidence to ground 
analyses of practice holds promise for supporting teach-
ers in making evidence-based in-the-moment decisions 
during instruction. 

Fostering Productive Classroom Norms

Since many teachers have not learned mathematics in 
student-centered classrooms where ideas were shared 
and discussed, a third reason for cultivating norms is to 
provide teachers with an experiential basis for thinking 
about fostering productive norms in their own class-
rooms. Teachers’ ability to engage in and recognize the 

importance of productive norms for supporting math-
ematical learning is an important first step in cultivating 
these norms in their own mathematics classrooms.

Examples in previous sections illustrated how cultivating 
the sociomathematical norm of mathematical argument 
helped teachers consider what a sound mathematical 
argument might look like in a given instructional situa-
tion. However, even when the kind of argument a teacher 
might push for is clear, orchestrating productive discus-
sions in which students justify and make connections 
among their mathematical ideas is still challenging (e.g., 
Smith & Stein, 2011). The professional norm of evidence 
helps teachers analyze specific teacher moves that might 
foster norms that support productive mathematical dis-
cussion and argumentation in their own classroom. 

One teacher, for instance, noticed that “[the teacher] did 
not tell students, he asked students questions that focused 
them to specific aspects of the work (lines 32, 35, and 
61).” Although this teacher did not list specific questions, 
an analysis of the transcript reveals that he was noticing 
that the teacher in the video asked questions that includ-
ed: “How is yours different or the same as what Arden 
and Yoshio did?” (line 32), “Does that make it different? 
Is it the same, or what?” (line 35), and “Is your expression 
the same as any of the other ones? Because they all look 
different somehow. They have different numbers in them. 
Are any of them like equivalent or the same?” (line 61). 
In each case, the teacher noticed specific teacher moves 
that focused students on listening to and making sense 
of one another’s ideas and on comparing and making 
connections among them—all productive norms in a 
mathematics classroom focused on using student thinking 
to develop mathematical understanding. Analyzing how 
other teachers cultivate productive norms provides teach-
ers a foundation for developing ideas about cultivating 
such norms in their own classrooms.

Developing a Professional Disposition

A fourth reason for cultivating productive norms is to help 
teachers to develop professional dispositions that sup-
port continued learning from practice. This may be the 
most powerful way to think about taking full advantage 
of norms in teacher education, as it has the potential to 
promote learning that will lead to what Franke, Carpenter, 
Fennema, Ansell, and Behrend (1998) called self-sustain-
ing generative change—change that will provide a basis 
for continued growth long past the end of the teacher 
education experience.

The discussion in the previous sections provides evidence 
of ways that norms might support this continued teacher 
learning. The examples illustrate how cultivating produc-
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tive norms helped the teachers in our study develop 
a disposition of: (a) making sense of mathematics and 
expecting students to do the same; (b) carefully listen-
ing to and making sense of student ideas; (c) engaging in 
grounded analysis of practice; and (d) considering teacher 
moves that might allow them to cultivate productive norms 
in their own classrooms. These dispositions will allow them 
to continue to learn from practice, as together they form 
the foundation of a reflective practitioner—one who has 
the ability and propensity to engage in critical analysis and 
reflection, consider alternatives, and make connections 
between theory and practice.

We have some evidence that the teachers in our study 
who had classrooms of their own were, in fact, build-
ing on the dispositions developed in the methods course 
to support their instruction. For example, one teacher 
compared the mathematical arguments his own students 
might give to those given by the students in the video:

[In my classroom] I always like to hear somebody 
explain how to do it verbally, which I think was 
what really happened really well on the clip, 
because definitely being able to explain your rea-
soning and even teach somebody else how to do it 
is on a level of Bloom’s Taxonomy that, you know, 
not only do they know it, but they can compre-
hend it and explain it as well.

In this explanation, the teacher articulates the value of 
having students provide mathematical justifications for 
their solutions, rather than simply describing the pro-
cedures they used. This suggests that he was attempt-
ing to develop the mathematical argument norm in his 
own classroom. In general, the norm of mathematical 
argument supported the development of a professional 
disposition that led teachers to expect a mathematical 
justification for ideas. That is, they were not satisfied with 
students simply replicating what was said in a book or in 
a curriculum standard, but rather expected them to use 
reasoning and argumentation to help make sense of the 
mathematics being taught.

The use of evidence to support analyses of practice pro-
vides a means of connecting specific instances of practice 
with general theories about teaching and learning; these 
connections then serve as a basis for ongoing learning. 
One striking difference that we found between the PTs 
and BTs in our study was in whether the claims they 
used evidence to support were generalizations or specific 
claims. For example, the statement “[the teacher] did not 
tell students, he asked students questions that focused 
them to specific aspects of the work (lines 32, 35, and 
61)” uses evidence to support a generalization about the 
teacher’s actions, while the statement “I didn’t really like 

how he funneled the question on line 85. It was a yes or 
no question” focuses only a specific instance. 

In general, the PT teachers in our study were much more 
likely to invoke evidence to support specific observations, 
while the BTs’ use of evidence was more balanced be-
tween supporting generalizations and supporting specific 
claims. We conjecture that the PTs may have been more 
cognizant of providing evidence since they were still in a 
university setting and not as far removed from the context 
in which this more academically oriented norm had been 
introduced, and thus did so more frequently in superficial 
ways. The fact that the BTs provided evidence in more 
meaningful ways suggests that the more significant aspect 
of this professional norm endures over time; that is, this 
norm supports teachers in using evidence to make sense 
of classroom events and draw conclusions that will help 
them to continue to improve their practice. 

Implications for Teacher Education and 
Questions for Future Work 
We have identified how productive norms can support 
teacher learning by (a) improving teachers’ own math-
ematical understanding, particularly the specialized 
content knowledge needed for teaching; (b) supporting 
teachers in learning to view and analyze classroom prac-
tice in productive ways; (c) providing teachers an experi-
ential basis for thinking about fostering productive norms 
in their classrooms; and (d) helping teachers to develop 
professional dispositions that support continued learning 
from practice. We highlighted the fact that although social 
norms, such as explaining one’s thinking, are important, 
they fall short of supporting teacher learning unless they 
are coupled with sociomathematical and professional 
norms that support learning specific to mathematics 
teaching. As a result, mathematics teacher educators 
need to carefully consider the potential of focusing on a 
range of norms—social, sociomathematical, and profes-
sional—in terms of the many ways that such a focus sup-
ports both short- and long-term teacher learning.

Our work speaks to the importance of intentionally 
considering the norms cultivated in teacher education 
experiences. This includes identifying those that are pro-
ductive—such as mathematical argument and evidence—
and systematically integrating them into our curricula. 
In fact, this work has provided evidence that not only 
can productive norms be fostered and used to support 
teacher learning in a particular teacher education course 
(e.g., Stockero, 2008b), they can also support longer-term 
learning (Van Zoest et al., 2011). The finding that inten-
tionally developing productive sociomathematical and 
professional norms early in a teacher education program 
can contribute to teachers’ continued learning from 
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practice is particularly encouraging given the benefits of 
self‑sustaining generative change (Franke et al., 1998) to 
ongoing teacher development. 

Fully capitalizing on the potential of productive norms 
to support teacher learning requires further work. First, 
we need to know what norms support meeting our 
teacher education learning goals. The norms discussed 
here—mathematical argument and evidence—have been 
shown to be productive and can be cultivated in teacher 
education experiences with confidence. In our work, we 
have found other norms—such as the sociomathematical 
norm of naming, labeling, distinguishing, and comparing 
mathematical ideas, and the professional norm of listening 
to and making sense of and building on others’ ideas—
to also be productive (Van Zoest et al., 2011). As other 
teacher educators systematically analyze the productivity 
of additional norms, we encourage them to share their 
findings with the mathematics teacher education com-
munity. 

Second, we need to know more about the sequencing of 
norms. Focusing on developing a large number of norms 
at the same time is not practical and risks diluting the 
benefits of the most productive norms. Knowing which 
norms are foundational and which ones are better intro-
duced further into the program would be very helpful. 

Finally, our experience suggests that additional learning 
can occur from discussions with teachers about why we 
are intentionally cultivating specific norms. As discussed 
previously, at the time of the study we were using an 
invisible pedagogy (Bernstein, 2004), in that the norms 
that we intended to establish were not made explicit to 
the teachers. After completing the study, however, we 
conjectured that it would have been beneficial to be 
explicit about the norms we were cultivating, the reasons 
we felt these norms would be productive, and the moves 
we were making to cultivate them. More work is needed 
to verify this conjecture and, if it is found to be true, to 
determine effective ways to make the use of productive 
norms more visible. Doing so may allow the cultivation of 
norms to affect teachers’ learning in even more powerful 
ways.

Although there is more work to be done to take advan-
tage of the opportunity that cultivating productive norms 
provide for meeting the challenging task of preparing 
mathematics teachers, there is enough information to get 
started now. As you think through your teacher educa-
tion work, we encourage you to think about the norms 
that are currently in place, assess their productivity, and 

consider augmenting or replacing them with norms that 
have been demonstrated to be productive—such as 
mathematical argument and evidence. Doing so will lay 
a foundation that teachers can build on as they engage in 
the practice of teaching. Developing reflective teachers 
who can learn from their practice is essential for meeting 
the ambitious goals of mathematics teaching called for by 
NCTM (e.g., 2000).
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