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Abstract This study investigated the extent to which three sociomathematical and four
professional norms intentionally fostered in an early mathematics pedagogy course through
the use of a video-case curriculum re-emerged in a similar context with two groups: (1)
teacher candidates in the final mathematics pedagogy course of the same teacher education
program and (2) program graduates in their beginning years of teaching. All seven norms
were found to be durable over time, with the sociomathematical norm of providing a
mathematical argument being the most widely and consistently exhibited among the
participants. Comparisons of the behaviors exhibited by the two groups revealed that five
of the norms were consistently durable over time with both groups and suggested that
participants’ engagement with two of the norms was positively affected by additional
classroom experience. Details of differences among the groups and ways in which the
norms appeared to support continued teacher learning are examined. The results point to
the long-term benefits of developing productive norms early in a teacher education
program.
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Introduction

In classrooms, norms are regular patterns of behavior that affect the nature of the learning
that occurs within them. In some cases, teachers may intentionally foster specific patterns
of behavior, but norms exist regardless of whether the teachers and students are aware of
them (Bauersfeld et al. 1988; Voigt 1998). For over two decades, the specific role of norms
in students’ mathematical learning opportunities has been a focus of research. This
research has covered a broad terrain, ranging across developing theoretical frameworks
(Cobb and Bauersfeld 1995); investigating how norms are negotiated both among pupils
(Yackel et al. 1991) and their future teachers (McNeal and Simon 2000); and assessing the
power of norms in specific areas of mathematics, such as problem solving (Tatsis and
Koleza 2008) and geometric proof (Martin et al. 2005).

Research on norms in mathematics classrooms has at its core the intent to develop
inquiry-based classrooms that engage students in worthwhile mathematics (e.g., National
Council of Teachers of Mathematics [NCTM] 2000). As a result, research has focused on
how existing norms provide obstacles to this goal, what norms might support meeting the
goal, and how these supportive norms can be developed in classrooms. Studies contrasting
classrooms with various levels of success at meeting this goal (Cobb et al. 1992; Kazemi
and Stipek 2001) have been particularly useful in establishing that variations in classroom
norms have direct and powerful effects on students’ learning opportunities. The identifi-
cation of norms that have positive effects on learning has led to significant research on
what it takes to develop these norms in classrooms, particularly the role of the teacher in
that development (Dixon et al. 2009; McClain and Cobb 1997; Yackel 2002).

Much of the research on norms in mathematics education draws on the distinction
Yackel and Cobb (1996) made 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 mathematical
activity. For example, the social norm of supporting one’s answer with an explanation
creates the need for the sociomathematical norm of what counts as a mathematical
explanation. This particular example has been the focus of productive research on school
(McClain 2002), university (Yackel et al. 2000), and prospective teacher (Simon and
Blume 1996) mathematics learning. It is clear from this work that the mathematical
explanation and the collective argumentation that occurs when negotiating the socio-
mathematical norm of what counts as a mathematical explanation creates rich opportu-
nities for students to engage as mathematical thinkers (see Yackel 2002, for an analysis of
argumentation across grade levels). In general, it has been established that intentionally
fostering productive norms, particularly sociomathematical norms, can improve mathe-
matics learning at any level—for example, elementary (Mottier Lopez and Allah 2007),
secondary (McClain 2009), university (Stylianou and Blanton 2002), teacher preparation
(McNeal and Simon 2000), and professional development (Clark et al. 2008). What is not
known, however, is whether an investment in developing these productive norms at one
level will support future learning at another level.

Recently, interest has turned toward identifying and fostering norms that specifically
support the development of what Ball and colleagues have called mathematical knowledge
for teaching (e.g., Ball et al. 2008). Grant et al. (2007) used the development of justifi-
cations as a means to make work involving whole number computation problematic for
prospective elementary teachers and to engage them in developing the knowledge that they
will need as future teachers. Their work pointed to the importance of being both explicit
and implicit in shaping productive sociomathematical norms. The Researching
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Mathematics Leader Learning Group (e.g., Elliott et al. 2009; Kazemi et al. 2007) used
their practice-based work with teacher leaders to identify productive social and socio-
mathematical norms in the context of supporting teacher learning in professional devel-
opment. They also pointed out the possible connection between robust sociomathematical
norms and what Ball and colleagues call specialized content knowledge—mathematical
knowledge that is required specifically by the tasks of teaching and not by other mathe-
matical occupations (Ball et al. 2008).

In general, there has been a turn toward using practice-based materials with teachers at
all levels as a way to engage teachers in learning from practice (see, for example, Smith
and Friel 2008). One such set of materials is Learning and Teaching Linear Functions
(LTLF): Video Cases for Mathematics Professional Development, 6–10 (Seago et al.
2004). Recognizing the potential that sociomathematical norms have for supporting
teachers’ mathematical learning, the LTLF authors intentionally incorporated the devel-
opment of such norms into the curriculum. Building on research related to classroom
environments that contribute to students’ mathematical learning, the authors also extended
the concept of social norms to identify a set of professional norms that they felt would
support teachers in learning from practice. The LTLF facilitator’s guide addresses the
importance of emphasizing both the sociomathematical and the professional norms
throughout the curriculum. Although these materials were designed for use with practicing
teachers, they have been adapted for use with prospective teachers (Van Zoest and Stoc-
kero 2008a).

It is well recognized that a mathematics teacher preparation program, no matter how
well designed or thorough, will not be sufficient to prepare teachers for all that they will
face in their future classrooms (Feiman-Nemser 2001; Hiebert et al. 2007). One of the
challenges of teacher preparation is to use the limited time prospective teachers spend in a
teacher education program to promote learning that will lead to what Franke et al. (1998)
called self-sustaining generative change—change that will provide a basis for continued
growth long past the end of the program. Practice-based materials have the potential to
support generative learning because they situate prospective teachers’ learning in practice
(Putnam and Borko 1997). This provides the opportunity for prospective teachers to
develop both a professional vision (Sherin 2001) and skills for analyzing teaching (Stoc-
kero 2008a).

To tap into this potential, we adapted the LTLF curriculum for use in a mathematics
pedagogy course, retaining its core emphasis on sociomathematical and professional
norms (Van Zoest and Stockero 2008a). Research on the effectiveness of this approach
(Stockero 2008a, b) documented, among other things, evidence of prospective teachers
engaging in norms that they had not engaged in prior to incorporating the curriculum
into the course. These included using evidence to support conjectures about teaching and
learning and taking a tentative stance when analyzing teaching and learning. Although
this work documented short-term learning gains, we were interested in understanding the
long-term effects of using a video-based curriculum. In particular, we wondered whether
investing time and energy in developing sociomathematical and professional norms early
in a teacher education program would support learning throughout the program and into
future teaching practice. The study reported here investigated the extent to which the
sociomathematical and professional norms intentionally fostered through the use of the
LTLF materials in an early mathematics pedagogy course re-emerged in a similar
context, but with different cohorts: (a) at the end of the university teacher preparation
program and (b) during a professional development session for graduates of the
program.
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Theoretical framework

Consistent with the literature (Cobb et al. 2001; Voigt 1998), we recognize that all
classrooms have norms that influence the learning that takes place within them. Some
norms, however, are more productive than others in supporting the development of stu-
dents’ mathematical understandings. Although we recognize that a number of other norms,
including social norms, regulated behavior and influenced learning in our mathematics
pedagogy course, in this study, we focus specifically on three sociomathematical and four
professional norms embedded in the LTLF curriculum (see Table 1) because of their
potential to support generative learning. Specifically, we saw these norms as supporting
teachers to: (a) improve their own mathematical understanding, (b) learn to view and
analyze classroom practice in productive ways, (c) think about developing norms in
mathematics classrooms with students, and (d) develop professional dispositions that
support continued learning from practice.

We follow Yackel and Cobb (1996) by using sociomathematical norms to indicate
standard patterns of behavior that are specific to mathematical activity. Although the
majority of work with sociomathematical norms has been in the context of learning what
would be considered common content knowledge in Ball et al. (2008) Domains of Math-
ematical Knowledge for Teaching, the pedagogy course in which we do our work focuses
on the development of specialized content knowledge. Even though the level of the activity
is different, we have found that the sociomathematical norms themselves are similar. For
example, both teacher learners and student learners could exhibit the sociomathematical
norm of mathematical argumentation, but while the students’ focus would be on providing
a mathematical argument for their solution, the teachers’ focus might also include deter-
mining whether a student’s justification is sufficient and mathematically adequate.

Although there is a growing body of research focused on sociomathematical norms that
might positively affect teacher learning (e.g., Clark et al. 2008; Elliott et al. 2009; Grant
et al. 2007), research on more general norms that affect teacher learning environments is
less prevalent. Those studies that do focus on such norms generally follow the student
learning research in referring to them as social norms (e.g., Kaasila and Lauriala 2010). In
our work, we have found it useful to distinguish between general social norms and those
that might be particularly useful for supporting teacher learning. Thus, we follow Seago
et al. (2004) by using the term professional norms to indicate standard patterns of behavior
unique to learning about teaching.

We view professional norms in the context of learning to teach mathematics as
somewhat analogous to social norms in the context of learning mathematics, although the
context of learning to teach may include a combination of the two. For example, the social

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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norm of providing reasons for one’s mathematical statements could be present in both
mathematics classrooms and teacher education contexts where mathematical work takes
place. The teacher education context, however, might also include the professional norm of
backing up claims about teaching and learning with evidence from classroom artifacts. The
latter is a professional, rather than a social norm, because it is a behavior specific to the
teaching profession. At this point, we are considering professional norms as behaviors in
which teachers across content areas engage; however, it is possible that there may be
professional mathematical norms that are specific to the teaching of mathematics in the
same way that there are sociomathematical norms specific to the learning of mathematics.

We approach both the development of our mathematics pedagogy courses and our
research from a situated perspective (e.g., Borko et al. 2000; Peressini et al. 2004). That is,
we generate learning situations that are similar to those in which we intend the learning to
be used, and we study the way in which participants interact in them. In the context of this
study, we used the LTLF video cases to help prospective teachers learn to analyze student
thinking and teacher decisions during classroom interactions, as well as the relationship
between them. This is similar 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 our
discussions of the video cases, we also focused on developing professional skills and
dispositions that are necessary to productively study practice with groups of colleagues.

We follow Cobb et al. (2001) in our interest in coordinating the social and psychological
perspectives. That is, in order to determine whether a behavior was normative among the
members of the group, we focused on the individuals’ behaviors and statements relative to
a target behavior in their written work and interview responses, as well as the ways in
which they interacted within the group.

Context for the study

The participants were 11 prospective secondary school mathematics teachers (PTs)
enrolled in their final mathematics pedagogy course at a US university known for its
teacher preparation programs and 16 self-selected beginning secondary school mathe-
matics teachers (BTs) who were program graduates with fewer than 4 years of teaching
experience. The PTs were all mathematics majors, while the BTs included 11 mathematics
majors and 5 mathematics minors. All the participants had engaged in sustained reflection
on teaching practice using the LTLF curriculum in their initial mathematics pedagogy
course. The PTs had been enrolled in the course in four different semesters, with one to
four enrolled in the course during any given semester; the BTs had been enrolled in five
different semesters, with two to four concurrently enrolled.

In the initial mathematics pedagogy course, each of the eight LTLF video modules
began with the participants individually solving a mathematics problem, after which they
shared and discussed their solution strategies as a group. They then viewed video clips of
school students sharing their thinking about the same problem and analyzed and discussed
the student thinking and teacher actions seen in the video (see Van Zoest and Stockero
2008b for more detail). Throughout this work, the instructors intentionally fostered the
professional and sociomathematical norms embedded in the curriculum (see Table 1),
without explicitly discussing them as such. That is, we used what Bernstein (2004) refers to
as an invisible pedagogy, where the discursive rules that the teacher intends to establish are
not made explicit to the learner. When participants 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 justification as a desired pattern of
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behavior. When analyzing the student thinking and teaching in the videos, participants
were prompted to provide specific evidence for their analyses. Instructor observations and
results of our earlier work (e.g., Stockero 2008a) indicate that these behaviors did, in fact,
become normative during the course.

As part of the study, the PTs and the BTs engaged in parallel activities that were similar
to those they had participated in during the initial pedagogy course, using video materials
that were similar to those in the LTLF curriculum. The PTs participated in one 80-min
class session during their final mathematics pedagogy course; other than this data col-
lection session, the course did not use video analysis as an instructional tool. The BTs
participated during a 1-day professional development meeting held as part of the study.
Both groups used the same mathematics problem (see Fig. 1), analyzed the same video,
and completed the same written work1; the only difference was that the PTs solved the
mathematics problem as homework prior to the session, while the BTs completed all
activities during the professional development session. Neither the PTs’ other pedagogy
courses nor the professional development sessions that the BTs had participated in since
graduation used video-case analysis as an instructional tool; thus, none of the participants
had recently engaged in discussions similar to those of the initial pedagogy course.

The first two authors facilitated both sessions. Both had taught the initial pedagogy
course, but approximately half of each participant group had taken it from other instructors.
The facilitators made a point of not introducing sociomathematical or professional norms
during the data collection sessions in order to see whether any of the normative behaviors
established in the initial pedagogy course would spontaneously re-emerge when PTs and
BTs analyzed video cases of teaching with others who had taken the same course, but not
necessarily with one another.

Methods

Data collection

To gain insight into the participants’ individual thinking and their interactions in the group,
data for the study included both participants’ written work and recordings of the group

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? 

Fig. 1 Counting Cubes problem solved by the PTs, BTs, and the students in the video

1 The Counting Cube problem and the accompanying video are from the Turning to the Evidence project
(see Seago and Goldsmith 2005). The writing prompts were also adapted from this project.
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discussions. The individual written work included solutions to the mathematical task,
predictions about potential student solutions, and reflections on the video cases and on the
session overall. Each data source and the corresponding identifier used in the remainder of
this paper is given in Table 2. The writing prompts were carefully worded and left
intentionally open-ended to avoid directing participants’ thinking or prompting them to
consider norms. For example, participants were asked, ‘‘What did you notice in this seg-
ment about students’ thinking?’’ (W5) and ‘‘What did you notice about the teacher’s
questions, contributions, actions or role in instruction?’’ (W7). Each group’s session was
recorded using audio and video to document the participants’ discussions about their own
mathematical thinking and the teaching and learning in the video case of practice. The
recordings were transcribed for analysis.

To analyze the data for evidence of the seven sociomathematical and professional
norms of interest, transcripts and written work were coded independently by at least two
researchers using the HyperResearch qualitative data analysis software program (Re-
searchWare 2007) for examples and counterexamples of each norm. The research group
met throughout the process to verify that the coding was consistent and to resolve any
differences, first through refining the code definitions and then through discussions of the
coding until agreement was reached.

Data analysis

Identifying normative behaviors

One challenge of investigating norms is determining normative behavior from a snapshot
of practice. For example, each participant may not have had an opportunity to present a
solution to a mathematical task, but if most who did included a mathematical argument, a
reasonable inference is that this was a norm for the group. On the other hand, if few
included a mathematical argument, it is safe to conclude that it was not a norm. To say that
a behavior was a group norm does 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, another way the presence of a norm was inferred was when a counter behavior was
recognized and addressed by other group members. Our approach is consistent with that of
other researchers in this area (e.g., Clark et al. 2008).

Table 2 Data sources and identifiers used in the study

Data source identifier Description

W1 Participants’ own mathematical work

W2 Prediction of how students might correctly think about task

W3 Prediction of how students might incorrectly think about task

W4 What participants initially noticed in the video

W5 What participants noticed about student thinking in the video

W6 What participants noticed about particular students’ thinking

W7 What participants noticed about the teacher in the video

W8 End-of-day reflection

T Pedagogy course or professional development session transcripts
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Instances that were coded as examples of exhibiting a normative behavior included
those in which participants engaged in one of the target behaviors themselves, countered
other participants who did not exhibit the expected behavior, or indicated that the behavior
was important in their analyses of the videos. PT9, for example, exhibited the behavior of
mathematical argument in two ways. First, he gave a mathematical argument to justify a
mathematical expression: ‘‘A better more visual formula would be 5(n - 1) ? 1, since I
have five ‘arms’ that are (n - 1) long and one single ‘central’ block’’ (W1). Second, he
indicated that he recognized the importance of the behavior in the classroom when he
reflected that the students in the video ‘‘were very thorough and were very aware of what
everything stood for in their solution’’ (W5).

To give the reader a sense of how examples and counterexamples of the norms were
coded in the data, consider an exchange that occurred at the end of the PTs’ session, which
is provided with coding in Table 3. This passage was coded for both an example and
counterexamples of critical yet respectful. Both PT1 and PT5 were coded as exhibiting a
counterexample (TC) because they did not talk about the teacher’s practice in a respectful
way during this exchange. PT4, on the other hand, shifted the conversation back toward
showing respect toward the teacher by raising the question of whether the teacher’s actions
might have been appropriate for his goals for the day and thus was coded as exhibiting
critical yet respectful behavior. We also see both PT1 and PT5 use evidence to support
their claims in this dialogue, so these participants were coded as participating in the
evidence norm. In addition, PT1 and PT5 both argued that the teacher did not require
students to justify their expression and thus, were coded as exhibiting behavior consistent
with the mathematical argument norm.

Collating the analysis

After the coding was complete, the analysis involved developing multiple charts for each
group that cross-referenced examples and counterexamples for each of the seven norms 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 partic-
ipant engaged. This allowed the researchers to draw conclusions about whether each
behavior was normative for the group. The charts were collapsed into two summary charts
that are shown in Tables 4 and 5.

Tables 4 and 5 summarize the professional and sociomathematical norms participated in
by each PT and BT, respectively, as well as the identifier of the data source in which each
behavior was exhibited [W1-8, T]. In the tables, ‘‘C’’ indicates that a counterexample of
the behavior was identified. For example, PT1’s ‘‘TC’’ for critical yet respectful indicates
that she was critical, but not respectful, of the teacher in the video in at least one instance in
the whole-group discussion (the instance is included in Table 3). It is important to note that
in some cases a single participant displayed both evidence and counterevidence of the same
behavior. For example, BT2 indicated the importance of a mathematical argument during
the group discussion, but did not provide a mathematical argument for his written solution
to the problem (see Table 5).

The bottom two rows of each table give the total number and percent of speaking turns
for the participants during their respective whole-group discussions. Note that two of the
PTs (PT1 and PT11) and three of the BTs (BT1, BT3, and BT11) spoke minimally during
the discussions. BT1, for example, took six speaking turns when presenting a possible way
that students might think about the problem, while PT11 did not speak at all, despite a
direct invitation to do so. Both of these participants exhibited norms in their written work.
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Results and discussion

In this section, we first examine the data to determine whether the seven target behaviors
were normative for the PTs and BTs, as well as for the participants as a whole. In doing so,
we consider counterexamples and examine individuals’ participation in each behavior. We
then discuss four behaviors to provide additional detail about what it means for each to be
normative, as well as to provide insight into how the behaviors might support teachers’
learning about practice.

Normative behaviors

As can be seen in Table 4, three of the eleven PTs (PT4, PT6, and PT9) exhibited all seven
norms in the discussion and/or their written work with no counterexamples. PT5 also
exhibited each of the seven norms, but had counterexamples of both critical yet respectful
and mathematical argument. Four PTs exhibited six norms overall—two with no coun-
terexamples (PT7 and PT10) and two with one counterexample each (PT1: critical yet
respectful; PT2: mathematical argument)—and one (PT8) exhibited five norms. In sum,

Table 3 Sample dialogue from PT group with selective coding

F2: There’s a few people that we haven’t heard from yet. Wondering if any of
you who’ve not talked a lot have something that you want to add to
[previous comment]. Like PT1

PT1: I didn’t like the teacher. I didn’t like that he didn’t ask about the picture. I
felt like he was feeding them the answers. I hated line 85. So I have
nothing good to say about the teacher, which,

Critical yet respectful
counterexample

Evidence

F2: Can you say a little bit more about what it was that—

PT1: I feel like he should have tried to make more connections about the
picture, because, like we were talking about, group 2 didn’t really know
what the minus 4 was; it just worked for the numbers, and I think he
could have tried to pull more out of them. Same with what PT4 was
saying about group 3. We know nothing about their method. He just
kind of let them put that up there, and then used it to make the, the
number connection about the expressions, the algebraic stuff. Like he
could have made more connections with the visual, uh, aspect of it. And
then I just didn’t feel, like he just talked [brief pause] at the end, in line
85, like he could have let them explain that more

Mathematical argument

Evidence

F2: Okay. You were storing up a lot. [laughter] So there’s several things to
respond to there

PT5: I felt the same way, because in line, 26, he, you know, ‘‘How many cubes
would be in a [seventh] building?’’ And Cassie [a student in the video]
says ‘‘31,’’ and how, you know, he asked how they got that. They’ve
already made it apparent that they know how to substitute, because,
before that, Cassie says that they first thought it was 5n ? 1, but they
found out that it didn’t work for the first one. And so, he just asks a
redundant question, and, by asking them what the seventh one was, all
they have to do is plug it in. But he never asks why it’s 5n - 4. He just,
they give him the answer, he asks what the seventh one is, they give the
right answer and it’s over. But never why, where did the minus 4 come
from? Again, never relates it to the picture

Evidence

Critical yet respectful
counterexample

Mathematical argument

PT4: I guess it kind of depends on what his teacher goal was for the day.
[laughter] (T)

Critical yet respectful

Durability of norms

123



T
ab

le
4

P
ro
fe
ss
io
na
l
an
d
so
ci
om

at
he
m
at
ic
al

no
rm

s
ex
hi
bi
te
d
by

pr
os
pe
ct
iv
e
te
ac
he
rs

N
or
m

P
T
1

P
T
2

P
T
3

P
T
4

P
T
5

P
T
6

P
T
7

P
T
8

P
T
9

P
T
10

P
T
11

P
ro
fe
ss
io
na
l
no

rm
s

L
is
te
ni
ng

T
,
4,

6
T
,
6,

8
7

8
T
,
8

T
,
1,

4,
5,

8
T
,
4,

8
4

T
,
8

T
,
4

T
en
ta
ti
ve

st
an
ce

8
T

8
T

T

E
vi
de
nc
e

T
,
7

T
T

T
,
7

T
T

7
T
,
4,

6
T
,
4,

6

C
ri
ti
ca
l
ye
t
re
sp
ec
tf
ul

T
C

T
T

T
,
T
C
,
7,

8
T

T
,
4

T
,
6

T
T

S
oc
io
m
at
he
m
at
ic
al

no
rm

s

N
am

in
g
an
d
co
m
pa
ri
ng

4,
5,

8
T
,
4,

5,
6,

7
4,

5,
7

T
,
4,

5
T
,
4,

5,
8

T
T
,
4

T
,
4,

5
T
,
4

T
,
6,

7,
8

4,
7

M
at
he
m
at
ic
al

ar
gu

m
en
t

T
,
1,

4,
6

T
,
T
C
,
1

1
T
,
1,

5
T
,
T
C
,
1,

6
T
,
1,

6
T
,
1,

6
T
,
1,

4,
6

T
,
1,

5
T
,
1

1

P
us
hi
ng

un
de
rs
ta
nd

in
g

7,
8

4
8

T
,
7

T
,
4,

7,
8

T
T
,
4

7
8

T
ot
al

sp
ea
ki
ng

tu
rn
s

3
21

9
12

22
18

15
6

17
19

0

%
P
ar
ti
ci
pa
nt

sp
ea
ki
ng

tu
rn
s

2%
15

%
6%

8%
15

%
13

%
11

%
4%

12
%

13
%

0%

L. R. Van Zoest et al.

123



T
ab

le
5

P
ro
fe
ss
io
na
l
an
d
so
ci
om

at
he
m
at
ic
al

no
rm

s
ex
hi
bi
te
d
by

be
gi
nn

in
g
te
ac
he
rs

N
or
m

B
T

1
B
T

2
B
T

3
B
T

4
B
T

5
B
T

6
B
T

7
B
T

8
B
T

9
B
T

10
B
T

11
B
T

12
B
T

13
B
T

14
B
T

15
B
T

16

P
ro
fe
ss
io
na
l
no

rm
s

L
is
te
ni
ng

T
T

T
T
,
4,

7
T

T
T
,
4

T
,
6

T
,
4

T
T

T
,
4

T
T
,
4,

7
T
,
4

T
en
ta
ti
ve

st
an
ce

T
T
,
6

T
,
4,

6
T
,
7

T
,
6

T
,
7

T
5C

T
,
6

T
T

T

E
vi
de
nc
e

T
T

T
,
4,

6
T

T
7

T
,
4

T
,
7

C
ri
ti
ca
l
ye
t
re
sp
ec
tf
ul

T
,
7

T
T

T
T

T
T

T
T

T
,
7

T
T
,
7

S
oc
io
m
at
he
m
at
ic
al

no
rm

s

N
am

in
g
an
d
co
m
pa
ri
ng

4,
7

T
T
,
6

7
T

T
,
4

T
,
4,

6
7

T
,
4,

7
T
,
6

T
,
4

T
6

M
at
he
m
at
ic
al

ar
gu
m
en
t

1
T
,
1C

1
1C

1,
4,

6
T
,
1

T
,
1,

2
T
,
1,

6
T
,
1,

7
T
,
1,

4
1

T
,
1

T
,
T
C

1
T
,
1,

4
T
,
1,

4

P
us
hi
ng

un
de
rs
ta
nd

in
g

7
T

T
,
4,

7
T

7
T

T
,
7

4,
7

4,
7

T
T
,
4,

7
7

4
7

T
ot
al

sp
ea
ki
ng

tu
rn
s

6
18

3
18

12
54

12
87

38
31

6
45

30
24

23
11

%
P
ar
ti
ci
pa
nt

sp
ea
ki
ng

tu
rn
s

1%
4%

1%
4%

3%
13

%
3%

21
%

9%
7%

1%
11

%
7%

6%
6%

3%

Durability of norms

123



nine of the eleven PTs (82%) exhibited five or more of the seven norms during their
session.

Table 5 gives the parallel data for the BTs. For this group, five of the sixteen (BT6,
BT8, BT9, BT10, and BT14) exhibited all seven norms with no counterexamples. Another
five BTs (BT5, BT11, BT13, BT15, and BT16) exhibited six norms and two (BT2 and
BT12) exhibited five—three with a counterexample (BT2 and BT13: mathematical
argument; BT12: tentative stance). Overall, 12 of the 16 BTs (75%) exhibited at least five
of the seven norms during the professional development session.

As discussed in the Data Analysis section, looking at counterexamples of the target
behaviors is an important part of determining whether they are normative. There were a
small number of counterexamples in the written work—only three and all in the BT data
(tentative stance for BT12 and mathematical argument for BT2 and BT4). In the two
groups’ discussions, five counterexamples of norms were identified—two for critical yet
respectful and three for mathematical argument. Unlike the written work, the discussion
provided the opportunity to assess members’ reactions to violations of a hypothesized
group norm. As seen in Table 3, the two counterexamples of the critical yet respectful
norm documented in the PTs’ discussion (PT1 and PT5) were responded to by another
member of the group (PT4). For each of the three counterexamples of mathematical
argument that occurred during the discussion (PT2, PT5, and BT13), the participants
themselves recognized and acknowledged their inability to provide an argument. PT5, for
instance, said, ‘‘I don’t know how, you know, [my expression] really ties into the picture,
but again, I did it like PT9—I don’t use the pictures. The only thing I used them for was to
get the, the [counts] and then I made a table and just solved it’’ (T). A bit later in the
discussion, PT5 exclaimed, ‘‘Oh, I do. I just got it!’’, but was still uncertain of his
explanation when he went on to question his own argument: ‘‘Well, is it—maybe I don’t,
hold on. Is it because on the first one, there’s just the top, and so the minus 4 is subtracting
all the edges?’’ (T). Although PT5 was unable to provide a mathematical argument, his
awareness of this and persistence in trying to do so provides evidence that he believed that
providing an argument was expected of him. Overall, the small number of counterexam-
ples and the contexts in which they occurred supports that these behaviors were normative
for the group.

Table 6 gives the total number of participants—in each group and in the two com-
bined—who showed evidence of participating in each norm. Two of the seven norms—
listening and mathematical argument—had over 90% participation for the entire group and
each of the two subgroups (listening 91% PTs; 94% BTs; 93% All; mathematical argument
100% PTs; 94% BTs; 96% All). Two more—naming and comparing and pushing
understanding—had over 80% participation for the entire group and each subgroup
(naming and comparing 100% PTs; 81% BTs; 89% All; pushing understanding 82% PTs;
88% BTs; 85% All). Although the percentages are not as high for tentative stance (45%
PTs; 69% BTs; 59% All), evidence (82% PTs; 50% BTs; 63% All) and critical yet
respectful (73% PTs; 75% BTs; 74% All), the fact that these professional behaviors are not
common in teacher professional development (Loucks-Horsley et al. 2003) supports the
notion that it was significant that the majority of the participants engaged in them. Overall,
the analysis suggests that all seven target behaviors were normative among the participants.

Examples of normative behaviors

The seven norms in Table 1 that were embedded in the LTLF materials were fostered in
the initial mathematics pedagogy course because of their potential to support teacher
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learning. In the following, we elaborate on four of these norms to examine the extent to
which this potential was met. We first consider mathematical argument—the norm most
strongly exhibited by all the participants—because of its centrality to the kind of teaching
advocated by the US National Council of Teachers of Mathematics (e.g., NCTM 2000).
We then consider the three behaviors in which the prospective teachers and beginning
teachers differed—naming and comparing, tentative stance, and evidence—for the insight
these differences can provide.

Mathematical argument

The sociomathematical norm of mathematical argument was the most widely and con-
sistently exhibited norm among the participants—engaged in by 96% of all participants,
including 100% of PTs and 94% of BTs. Participants exhibited this norm when they used a
mathematical explanation that consisted of a mathematical argument—not simply a pro-
cedural description or summary—or indicated that they recognized the importance of
doing so. Because proof and justification are central to the discipline of mathematics, this
norm is particularly important to mathematics instruction that focuses on sense-making and
developing a deep understanding of mathematical ideas.

The participants exhibited the mathematical argument norm in four different contexts:
(a) explaining and justifying their own solution to the task; (b) predicting students’
thinking about the task; (c) recognizing the use of mathematical arguments by students in
the video; and (d) for the BTs, discussing interactions in their own classrooms. In the
following, excerpts from that data are used to illustrate how it was exhibited in each of
these contexts.

In the first context—explaining and justifying their own solutions to the Counting Cubes
task—all of the PTs and 13 of the 16 BTs participated in the mathematical argument norm.
They did so with varying degrees of success, although it was evident that the participants
were attempting to provide arguments. We first consider instances coded as counterex-
amples to illustrate participants’ explanations that fell short of the argumentation norm. For
example, when explaining his expression, 5x - 4, BT2 wrote, ‘‘I counted the differences,

Table 6 Total participants exhibiting each norm by group, discussion, and written work

Norm PTs exhibiting norm BTs Exhibiting norm All
participants

Total Both
T & W

T only W only Total Both
T & W

T only W only

Listening 10 (91%) 7 0 3 15 (94%) 7 8 0 25 (93%)

Tentative stance 5 (45%) 0 3 2 11 (69%) 6 5 0 16 (59%)

Evidence 9 (82%) 4 4 1 8 (50%) 3 4 1 17 (63%)

Critical yet
respectful

8 (73%) 3 5 0 12 (75%) 3 9 0 20 (74%)

Naming and
comparing

11 (100%) 7 1 3 13 (81%) 6 3 4 24 (89%)

Mathematical
argument

11 (100%) 9 0 2 15 (94%) 8 2 5 26 (96%)

Pushing
understanding

9 (82%) 3 1 5 14 (88%) 3 4 7 23 (85%)

T refers to transcript; W refers to written work
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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’’ (W1). Similarly, PT2 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’’ (T). Both of these cases were identified as
counterexamples because the responses simply summarized the process used to arrive at a
final expression, rather than justifying why the final expression made sense
mathematically.

We now consider responses coded as exhibiting the norm, even though the explanations
left room for improvement. To justify her expression, 5n - 4, PT3 wrote, ‘‘My solution
accommodates my visualization of 5 blocks adding every [time] to the original cube: one
cube spreading out at its arms’’ (W1). While PT3 justified the first term of the expression,
5n, she made no attempt to explain the negative four, rendering her argument incomplete.
BT7 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 number of [horizontal] legs, and the (n - 1) is because each
leg contains 1 less block than the figure number’’ (W1). Although his language was not
precise (i.e., n as the center column growth, instead of the number of blocks in the center
column), BT7 justified each part of the expression in relation to the diagram provided with
the task.

The second context in which participants engaged in a form of mathematical argu-
mentation was in predicting how students might think about the Counting Cubes task. In
this context, argumentation was used when participants went beyond predicting correct or
incorrect expressions that students might produce, to thinking about how students might
visualize and make sense of the task. BT16, for example, engaged in this norm 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 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 building number by five, but then subtract four. (T)

In this case, the explicit language and description that BT16 used in sharing her pre-
diction of student thinking goes beyond a procedural account of what students might do, to
a justification of why the students’ thinking would make sense. Thus, instances such as this
provided additional evidence that providing justification was normative among members of
the group.

A third context in which participants engaged with the mathematical argument norm
was when analyzing the teacher actions and student thinking in the video. In the following,
PT10 discussed how students in the video were able to justify a part of a mathematical
expression that the PTs were unable to justify in their own discussion. In doing so, she not
only recognized a student’s mathematical argument, but also indicated its importance as
she noted her own inability to provide one.

I couldn’t figure out how to describe where you take away the four. ‘Cause I did it
like PT7 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. (T)
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Participants also indicated the importance of the norm as they reflected on what was
missing from students’ explanations. For instance, PT6 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 reasoning based on the picture
[for] why you should subtract 4’’ (W6).

Their written reflections on the teacher were yet another way that the participants
indicated their recognition of the use of mathematical argumentation by the students in the
video. BT9, for example, noted, ‘‘[The teacher] never actually tells [the students] any
answers and seems to push them to show similarities and differences and prove their
reasoning’’ (W7), while BT15 explained:

[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,
shows if they really understand what they did. (W4)

Finally, two BTs exhibited the mathematical argument norm in the context of dis-
cussing interactions in their own classrooms. For example, BT2 compared the mathe-
matical 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 reasoning 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
comprehend it and explain it as well. (T)

In this explanation, BT2 articulates the value of having students provide mathematical
justifications for their solutions, rather than simply describing the procedures they used.
This suggests that at least some BTs may have been attempting to develop the mathe-
matical argument norm in their classrooms.

Collectively, the participants’ behaviors in these four contexts provide strong evidence
that providing a mathematical argument was normative for both groups of participants.
More importantly, there was evidence that the participants expected students to justify their
solutions. These abilities to produce and recognize mathematical arguments provide a
sound foundation for developing teaching practices that support students in making sense
of mathematical ideas.

Naming and comparing

The practice of naming, labeling, distinguishing, and comparing mathematical ideas was
exhibited by all 11 of the PTs (100%) and 13 out of 16 BTs (81%) in their written work
and/or the group discussion. Engaging in this behavior is important because it allows
teachers and students to recognize subtle, but potentially mathematically significant, dif-
ferences in students’ ideas that can be highlighted and built upon to develop the mathe-
matical ideas in a lesson.

Although there was strong evidence that this behavior was normative in both participant
groups, we wondered whether there was a reason that the percent of participants exhibiting
it varied between the groups. To understand this variation, we analyzed whether there were
differences in the specific ways the behavior was exhibited. This analysis identified six
ways in which participants showed evidence of the naming and comparing norm:
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(a) comparing their own mathematical solution to that of another participant;
(b) comparing the solutions of two students in the videos;
(c) comparing their own solution to that of a student in the video;
(d) comparing the solution of a student in the video to the work of students in the BT’s
own classroom;
(e) noticing that students in the video compared their solutions with one another; and
(f) noticing ways in which the teacher in the video pushed students to compare their
solutions with one another.

In the following, we first illustrate the ways in which participants engaged in naming and
comparing ideas themselves, and then give examples of instances in which they noticed the
teacher and students in the video engaging in similar behaviors. Within the discussion, we
highlight how naming ideas helped the participants clarify differences among them.

The first way the naming and comparing norm was exhibited was in instances where
one participant compared his or her mathematical solution to that of another participant.
Consider, for example, the following excerpt from the PTs’ sharing of their mathematical
thinking:

PT7: So mine was kind of similar to PT8’s, where I looked at the size of the legs. But
I saw four [legs], so like my equation, I guess, was [writes 4(n - 1) ? n on poster].
Because I saw four legs of length n - 1, and then one leg, I guess, of length n.
F1: Where’s the leg of length n?
PT7: Mine was the straight up and down, because I included that center cube as just
that being the length n, and then the four coming out were n - 1. (T)

The participants made similar comparisons between the mathematical thinking of dif-
ferent students in the video, a second means of exhibiting the norm. This type of com-
parison is illustrated in the following excerpt, in which PT4 compares the thinking of one
pair of students in the video, Cassie and Deidre, to that of a pair of their classmates, Arden
and Yoshio. In this excerpt, PT4 also named and labeled the students’ thinking as he used
language such as ‘‘middles’’ and ‘‘linear relationship’’.

PT4: I don’t think the girls were thinking of it that way, but I think that Arden really
described a great visual way of seeing it, because he kind of took his and mixed it
with theirs … okay, we’ll count the middle five times, but we don’t really want to
count the middle five times, so … subtract the minus four, so he brought the minus
four into the original [method].
F2: But you don’t think that that’s how the girls were thinking about it?
PT4: No, I think they saw that it was going up by five each time and then realized if
you did five times one you got five, so they had to subtract the four. They were
thinking more as a linear relationship, or that it was increasing by five each time. (T)

BT8 also compared these same students’ thinking and, in doing so, exhibited a third
variation in comparing mathematical thinking—comparing a participant’s mathematical
thinking to that of students in the videos. BT8 also named and labeled the students ideas,
using ‘‘middles’’ and ‘‘arms’’ to describe the students’ solutions.

I think in the end Arden really tries to connect his and Cassie’s solutions together,
talking about how they both used arms. But then, [Arden and Yoshio] were con-
sidering each arm just as an outside of the middle and then Cassie’s group was
considering all the middles, kind of like, um, BT16’s solution. So I thought that was
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interesting, because Arden, I think, is trying to make the jump from his solution to
Cassie’s. (T)

A fourth way that comparisons were made, demonstrated only by BT4, was comparing
student thinking in the video to that of the students in his classroom. It should be expected
that this type of comparison would only be made by BTs, as the PTs did not yet have
classroom experience on which to draw. BT4’s comment illustrates this:

Well, if they leave out the middle [cube], then they have one, five, ten [cubes in the
buildings]. And so they could just have 5(n - 1), which would work for everything
except that first one. But I have students that would do that anyway. Well, the first
one’s just one, you can see it. It works for everything else, so… [laughter]. (T)

In addition to making their own comparisons between different peoples’ thinking, the
participants also exhibited the naming and comparing norm by noticing that this type of
behavior was normative in the classroom in the video. In the excerpt above, for example,
BT8 noticed that Arden tried to make connections between his and Cassie’s thinking when
BT8 noted, ‘‘Arden really tries to connect his and Cassie’s solutions together.’’ Finally,
participants noticed that the teacher in the video pushed students to compare their thinking
with others in the class. BT1, for example, commented that the teacher ‘‘asked the students
how theirs was different or the same from another student’s answer’’ (W7), while BT10
noted that ‘‘the teacher asks frequently whether the students think their thinking is the same
or different from others’’ (W7).

An analysis of the number of participants who exhibited the norm in each of these six
ways revealed a pattern consistent with the overall participation pattern. In each case—
with the exception of the comparison made only by a BT—the number of PTs was
consistently greater than the number of BTs, with a difference of no greater than two
participants in any given case. For example, eight PTs and seven BTs compared the
thinking of two students from the video, and seven PTs and five BTs noticed ways in which
the teacher prompted students to compare their solutions. Thus, we were unable to identify
a particular cause for the difference in participation in this norm, but concluded that this
seemed to be a norm that was particularly strong within the context of the mathematics
teacher education program. Because results of a previous study (Stockero 2008b) showed
that prior to introducing the LTLF curriculum to the initial pedagogy course, PTs in the
program tended to make broad generalizations about students’ thinking, the high partici-
pation of both PTs and BTs in this norm indicates an important and lasting shift in the
participants’ abilities to make sense of student thinking. Being attuned to subtle differences
in student thinking positions teachers to be more responsive to student ideas that surface
during instruction and to better use them to improve their students’ mathematical
understanding.

Tentative stance

The professional norm of adopting a tentative stance towards practice—wondering versus
certainty was included in the LTLF curriculum and this study because of its ability to
support teacher learning from practice. Teachers who approach practice with certainty
seem less likely to consider multiple interpretations of classroom events and, thus, less
likely to learn from practice. Our intent was to develop this norm early in the teacher
preparation program so that the prospective teachers would be better positioned to learn
from their program field experiences and from their future teaching.
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The percent of participants (45% PTs; 69% BTs; 59% All) who exhibited a tentative
stance was substantially higher for the BTs, who were further removed from the pedagogy
course in which the norm was intentionally developed. Further analysis suggests that the
difference between the groups’ tentativeness may be due to the BTs’ more extensive
experience working with students. Only three PTs (27%) were tentative about student-
centered topics—all in the context of making sense of student thinking during the group
discussion. In contrast, 10 BTs (63%) were tentative as they focused on making sense of
student thinking in both their individual work and the group discussion. BTs also ques-
tioned whether there was evidence that all students understood the mathematical task being
discussed and engaged in wondering about issues related to student participation.

To illustrate the difference in the two groups’ tentativeness in interpreting student
thinking, consider their responses to a written prompt that asked what they noticed about
two students’ thinking in the video. None of the PTs were tentative in their written
reflections on student thinking, although their comments were not strong enough to be
coded as counterexamples. For example, PT6 wrote, ‘‘They had the slope figured out by
their reasoning of the picture and found the intercept by fitting the line into their data. They
didn’t have a conceptual reasoning based on the picture why you should subtract 4’’ (W6).
In contrast, the BTs tended to reflect more tentatively. For example, BT6 responded, ‘‘I
think the girl’s confusion about the arm length of the first building is what prompted them
to find another logical solution…I’m not sure they understood their final equation, only that
it worked for each building’’ (W6). We conjecture that this difference may be due to the
BTs’ more extensive work with students—work in which they may have come to realize
that making sense of students’ responses is not always a simple task.

The BTs’ focus on student participation also contributed to the differences in the
tentative stance percentages. In the discussion, many BTs focused on issues such as the
confidence students in the video displayed as they discussed and justified their solutions—
even when they were different than those shared by other students—and on the number of
student groups who participated. They conjectured about factors that might lead to this
type of participation, such as the role the teacher assumed in the classroom, classroom
norms and expectations, and the way in which the teacher sequenced the student presen-
tations and prompted students to compare their solutions. It appears that this focus was a
direct result of the contrast between the type of student interactions they saw in the video
and those that were typical of their own classrooms.

We conjecture that, while both groups had learned about theories and ideas related to
effective mathematics instruction, the PTs’ lack of experience in trying to put these ideas
into practice made the events in the video seem less problematic to them, so they did not
become the focus of discussion. That is, the PTs took things such as student engagement
for granted because they did not realize how complex and difficult it can be to develop a
classroom culture in which students freely engage in dialogue about important mathe-
matical ideas. The BTs’, however, in comparing what they observed in the video with their
own instruction, noticed interactions that had the potential to support student learning and
were motivated to consider what the teacher might be doing to facilitate such interactions.

The fact that the norm of tentative stance is not typically seen among groups of prac-
ticing teachers (e.g., Loucks-Horsley et al. 2003) makes these findings significant because
it provides some evidence to support two important ideas: (a) that attention paid to
developing the norm of tentative stance early in a teacher preparation program may lead to
a strengthening of the behavior over time and (b) that adopting a tentative stance toward
teaching does, in fact, position teachers to learn from both their own and others’ practice.
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Evidence

The professional norm of backing up claims with evidence and providing reasoning was
exhibited by 63% of the participants—82% of the PTs and 50% of the BTs. The difference
of 32% made this norm the most variable between the two groups. This norm is important
because when it was exhibited participants were not making unfounded claims or pro-
viding an emotional reaction to an idea under discussion, but were engaged in analyzing
and making sense of what was actually being said by the students or teacher in the video.

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. Both are demonstrated in the excerpt
below. The facilitator prompted this discussion by noting a BT’s observation that the
students in the video were making sense of two different expressions and asking whether
the participants had any observations regarding the connections being made between these
expressions.

BT12: 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.’’
BT8: [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 BT in her small group] pointed out, for me, maybe that Cassie didn’t quite
understand it. [Cassie] said, ‘‘The only thing that was different was that we sub-
tracted and he added.’’ And that really didn’t-
BT12: That doesn’t make a lot of sense.
BT8: 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.
BT14: 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.’’ (T)

The first way the evidence norm was exhibited in this exchange occurred in BT12’s first
contribution, when she quoted the transcript verbatim but did not identify a specific line
number. She used the quote to support her idea that the teacher’s goal was to help the class
realize that the two expressions, 5n - 1 and 1 ? 5(n - 1), were the same, just written in a
different way. Here, as in similar cases, at least two researchers verified that participants
were, indeed, quoting the transcript verbatim, not just paraphrasing what they remembered
from viewing the video.

The second way the norm was exhibited in the exchange occurred when line numbers
were directly referenced. BT8 referenced a line number to support BT12’s claim that it was
the teacher who introduced the idea that students were talking about two different math-
ematical expressions. BT14 also used line numbers to provide rationale for why he thought
Zach was the one who articulated what each groups’ expressions 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 participants were spontaneously engaging with
the providing evidence norm by using quotes from the transcript and line numbers to
support their thinking.
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To better understand the 32% difference in the two groups’ participation in this norm
(PT: 82%; BT: 50%), we examined the nature of the claims—general or specific—they
used evidence to support. In Table 7, ‘‘general’’ refers to instances where a participant
made an overarching argument or claim and used evidence to back it up. For example, PT9
wrote that he 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)’’ (W4). Here, PT9
made a claim and cited specific line numbers as evidence to support a generalization about
the teacher’s actions. ‘‘Specific’’ represents instances where a participant used evidence in
a narrower way. For example, PT8 wrote, ‘‘I didn’t really like how he funneled the
question on line 85. It was a yes or no question’’ (W7). While grounded in evidence, this
statement focuses on a specific instance, rather than making a generalization and using the
evidence to support the claim.

Looking at the total number of instances, the PTs were much more likely to invoke
evidence in a narrow way (24% General; 76% Specific), while the BTs use was more
balanced (42% General; 58% Specific). When general and specific uses of evidence are
looked at by number of participants, the difference becomes even clearer. Where gen-
eralized claims were involved, roughly the same percentage of participants in each group
used evidence (PT: 18% General, 18% Both; BT: 13%, 19%). The difference is in the
participants who used evidence in only specific ways or did not use it at all, with the
percents being nearly reversed (PT: 45% Specific, 18% Neither; BT: 19%, 50%). This
suggests that the difference between the groups regarding the use of evidence may be due
to the BTs’ growing maturity and the PTs’ role as students, rather than a decay of the norm
itself. That is, 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 who provided evidence did so 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 improve their practice, rather than responding to
events based on emotions or initial reactions that may not accurately reflect the underlying
issues.

Conclusions

This study revealed that the three sociomathematical norms that were introduced in the
early pedagogy course—naming and comparing, mathematical argument, and pushing
understanding—were consistently durable over time across both participant groups. This
finding is significant in that these behaviors are foundational to supporting the learning of
mathematics with understanding. Teachers’ ability to engage in and recognize the

Table 7 Number of instances and participants exhibiting the use of evidence

Number of Instances Number of Participants

General Specific Total General Specific Both Neither

PT 5 (24%) 16 (76%) 21 2 (18%) 5 (45%) 2 (18%) 2 (18%)

BT 8 (42%) 11 (58%) 19 2 (13%) 3 (19%) 3 (19%) 8 (50%)
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importance of these behaviors is an important first step in cultivating them in their own
mathematics classrooms.

The four professional norms were also exhibited by both groups, but with more vari-
ation. Although the listening and critical yet respectful norms were also exhibited uni-
formly across the groups, tentative stance and evidence were more disparate. Our analysis
of the differences in the ways that participants exhibited these two norms suggests that
participants’ engagement in them was enhanced as a result of their additional classroom
experiences. It appeared that the combination of the BTs’ tentative stance and teaching
experience allowed them to recognize the instance of practice in the video as a site for
reflecting on ways that they might improve their own practice. Their use of evidence to
support generalizations about practice provides a means of connecting specific instances of
practice with general theories about teaching and learning. In these ways, it appears that
the normative behaviors that were cultivated in the early pedagogy course supported the
graduates’ learning from practice in generative ways.

In general, this research supports the idea that intentionally developing productive
sociomathematical and professional norms early in a teacher education program has the
potential to contribute to teachers’ continued learning from practice, supporting them in
ways that could lead to self-sustaining generative change (Franke et al. 1998). Earlier
research documenting success in fostering productive professional and sociomathematical
norms in a mathematics pedagogy course (Stockero 2008a), combined with the findings
from this study regarding the durability of the norms, suggests the value of making the
development of such norms a key part of curricula used in university pedagogy courses.
Cultivating the behaviors that were the focus of this study supported a richness of dis-
cussion about the teaching and learning of mathematics that is not prevalent in descriptions
of either prospective or practicing teacher learning. In particular, the participants in this
study focused on analyzing student thinking and considering the implications of the tea-
cher’s actions for supporting student thinking in ways that are not commonly seen in
teacher professional development (Loucks-Horsley et al. 2003). Being attuned to subtle
differences in student thinking positions teachers to be more responsive to student ideas
that surface during instruction and to better use them to improve their students’ mathe-
matical understanding—a key goal of current reform efforts (e.g., NCTM 2000). Sup-
porting teachers in making connections between their own teaching and what they learn in
professional development, as occurred in this study, has potential to improve the effec-
tiveness of professional development by making it more relevant to teachers’ classroom
practice.

Thus, this study provides evidence that an investment in developing productive norms at
one level can support future learning at another level. In particular, positioning teachers to
experience self-sustaining generative change in this way holds the potential to accelerate
their movement along the teacher professional development trajectory early in their
teaching careers and provide them with tools needed to continue to learn from their
practice.
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