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Abstract Mathematical modelling is a cyclic process in which a modeller evalu-
ates a real-life scenario using mathematics. It is rarely included in the curriculum
for pupils prior to secondary school in the United States and is thus unfamiliar to
most elementary teachers. In this study, we begin by describing our perspectives and
stance on professional development for elementary school teachers in mathemati-
cal modelling from both content and pedagogical aspects. We then describe how
engaging teachers and students in mathematical modelling promoted mathematical
communities of practice through classroom values of relevance, access, and engage-
ment. Findings from a narrative analysis of field notes and transcripts from teacher
study groups suggest that when teachers create modelling tasks with these values in
mind, modelling provides opportunities for all students to use mathematics to solve
problems that matter to them in a way that fosters and benefits community.
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7.1 Introduction

The idea that mathematical modelling provides powerful learning opportunities for
students is not new. In Principles and Standards for School Mathematics (2000), the
National Council of Teachers of Mathematics (NCTM) asserted, “One of the power-
ful uses of mathematics is the mathematical modelling of phenomena. Students at all
levels should have opportunities to model a wide variety of phenomena mathemati-
cally in ways that are appropriate to their level” (p. 39). Yet models and modelling
perspectives on teaching and learning mathematics have yet to take hold in U.S.
classrooms, especially at the elementary school level. There is, however, reason to
believe this trend will change. A growing body of research highlights the affordances
of mathematical modelling across grades K–12 (e.g. Brown 2013; Doerr and English
2006; Doerr and Lesh 2011; English 2004, 2006; Lesh and Doerr 2003). The Com-
mon Core State Standards for School Mathematics (National Governors Association
Center for Best Practices & Council of Chief State School Officers 2010), wherein
modelling is included as both a high school content strand and a Standard for Math-
ematical Practice, has led to a renewed focus on teaching and learning mathematical
modelling in the USA.

A critical next step in developing and promoting high-quality modelling expe-
riences for children and youth is to understand the learning opportunities teachers
need in order to facilitate such experiences. Modelling certainly will not become an
integral part of students’ mathematical learning if their teachers are not prepared to
provide classroom leadership in this area. This chapter describes our efforts to engage
a community of elementary school teachers in professional development focused on
mathematical modelling and our own discoveries as we followed the teachers into
their classrooms to implement what they had learnt.

We envisioned mathematical modelling as a tool that elementary teachers could
use to help students see mathematics, early in their academic careers, as open, rich,
creative, and purposeful. As we enacted modelling tasks with teachers and as they
engaged students in mathematical modelling, we found that modelling promoted
mathematical communities of practice (Wenger 1998) in which modellers devel-
oped a shared purpose, relied on shared knowledge resources to determine solutions,
and respected each other’s mathematical contributions. We know that developing
meaningful mathematical tasks and facilitating mathematical discussions where all
students are heard is not easy (Smith and Stein 2001) and we investigated what it
was about modelling that promoted these practices.

In this chapter, we describewhywe believemodelling helps to foster communities
of practice. We describe our research journey by providing rich description of pro-
fessional development provided to our teachers. Next, we describe our theoretical
framework, communities of practice (Wenger 1998) in relation to three teacher-
developed modelling tasks to understand what attributes of the task may have led to
community building. Lastly, we look across the teacher-developed modelling tasks
to consider implications for our work and for future professional development.
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7.2 Perspectives and Stance on Modelling Professional
Development

Teaching mathematical modelling is demanding work. Teachers must draw on mul-
tiple dimensions of knowledge (Koellner-Clark and Lesh 2003) including, but not
limited to pedagogical content knowledge (Blum 2011, 2015; Doerr and Lesh 2011),
knowledge of the modelling process, knowledge of students’ backgrounds and expe-
riences, and knowledge of instructional practices that facilitate individual and group
learning (Zawojewski et al. 2003). Moreover, the open nature of many modelling
activities means that teachers must allow for, and respond to, student conceptions as
they emerge.

Explicit attention to models and modelling is not typical in U.S. teacher prepa-
ration programs (Doerr 2007). Even experienced and skilled teachers may not auto-
matically transfer their knowledge of teachingmathematics to teachingmathematical
modelling (Niss et al. 2007). Thus, teachers need a variety of experiences and support
in order to effectively engage students in mathematical modelling.

Professional development is most effective when it is sustained, intensive, and
integrated into teachers’ daily work (Garet et al. 2001). It should also be “learner cen-
tered” (Hawley and Valli 1999, p. 137), accounting for teachers’ existing knowledge,
experiences, and beliefs. We adopted a two-phase format for our professional devel-
opment. First, teachers engaged in a week-long intensive summer institute focused
on mathematical modelling. Then, during the school year, teachers were organized
into study groups that worked together to develop and implement tasks in their own
classrooms.

For our project, situating teachers’ initial learning experiences outside their reg-
ular classrooms was important. We wanted our participants to begin to think about
mathematics from new and different perspectives, perspectives that might conflict
with, or call into question, their current classroom routines and environments. Put-
nam and Borko (2000) argue that such goals may require teacher learning to be
removed from teachers’ own classrooms, at least initially, because “the classroom
is a powerful environment for shaping and constraining how teachers act” (p. 6).
We did not want teachers’ existing classroom routines, assumptions, and curricula
to inhibit their initial experiences with mathematical modelling.

At the same time, our understanding of mathematical modelling as an open,
exploratory, and dynamic process meant that learning to engage children in mathe-
matical modelling had to include opportunities for teachers to learn from their own
practice. All classroom teaching is relational work (Lampert 2010), and modelling,
which involves ongoing negotiations around themeaning and importance of contexts,
assumptions, representations, and mathematical strategies, intensifies the relational
work between and among the teacher and the students. Thus, it was essential to
engage teachers in the process of reflecting on modelling from two perspectives: that
of a student who is learning to model and also as a teacher teaching others to model.

To support both of these needs, we adopted a situated (e.g., Greeno 1997), social
(Wenger 1998) perspective on teacher learning in which the teacher took on roles as
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both modeller and teacher. When viewing learning as situated, educators acknowl-
edge the “interactive systems that are composed of groups of individuals together
with the material and representational resources they use” (Cobb and Bowers 1999).
Individuals within such systems learn by “engaging in and contributing to the prac-
tices of their communities” (Wenger 1998, p. 7). From these perspectives, designing
professional development is less about finding ways to convey information, strate-
gies, and practices to teachers and more about examining the contexts, activities, and
interactions that may facilitate shifts in teachers’ perspectives, understandings, and
classroom practices.

We established the following content and pedagogical goal for our professional
development:

• Teachers will understand what mathematical modelling is and the processes
involved.

• Teachers will experience modelling as learners of mathematics by investigating
tasks relevant to their own experiences.

• Teachers will experience different types of models and will understand that dif-
ferent models emphasize different values.

• Teachers will relate mathematical modelling to other types of mathematical prob-
lems to analyse cognitive demand and attributes of the task.

• Teachers will learn about and experience classrooms routines and structures they
can use to facilitate the modelling process.

• Teacherswill developmodelling tasks that aremathematically appropriate for their
students.

As highlighted in these goals, we wanted teachers to understand and experience
the modelling process as learners and then use their understanding of modelling,
coupled with pedagogical supports, to design and enact mathematically appropriate
modelling tasks for their students.

7.2.1 Preparing Teachers as Modellers

In designing modelling tasks for teachers, we began with the phases in the modelling
process (Borromeo Ferri 2006). To transition between these phases the following
steps could be involved (1) Examining the situation and setting up a problem to be
solved, (2) Identifying variables in the situation and selecting those that are essential,
(3) Creating a model that best describes the relationships among the variables using
geometric, graphical, tabular, algebraic, or statistical representations, (4) Formulating
conclusions, (5) Interpreting the results for accuracy and relevance, (6) Refining the
model through validating its potential to account for all relevant variables, (7) Testing
model generalizability to other situations. However, we did not want teachers to see
the modelling process as a pedagogical checklist where students simply needed
to complete steps 1 through 7 to have ‘done’ mathematical modelling. We also
wanted to give teachers opportunities to practice and experience broader features of
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mathematical modelling that stretch across the modelling cycle. We then identified
four features of modelling practice that could be developed and used by novice, as
well as experienced, modellers:

• Wrestling with openness in modelling
• Posing mathematical problems to address real world situations
• Making choices creatively whilst modelling
• Revisiting ideas and revising solutions during the modelling process

We believed that these features were unlikely to be a part of most teachers as learners’
experiences in teaching and learning mathematics.

Many of the mathematical tasks used in elementary schools are word
problems—applications in which either the real world does not affect the problem
or there is a clear solution strategy (Tran and Dougherty 2014; Zbiek and Conner
2006). In mathematical modelling, problems can be open at the beginning of the
investigation, allowing modellers to ask different mathematical questions about a
scenario, open in the middle as modellers investigate different solution strategies,
and open at the end as modellers consider ways the models do, or do not, apply
to other situations. Wrestling with openness in modelling is a feature that conveys
the idea that real-world situations do not always have a single, clear-cut beginning,
approach, or solution.

Posingmathematical problems to address real world situations involves determin-
ing if, and how, mathematics can be used to investigate issues originating from lived
experiences. In school mathematics, students are usually asked to solve problems,
but rarely asked to determine and articulate the range of mathematical problems they
could pose. Problem posing is a central feature not only of mathematical modelling,
but of mathematical activity in general and “can occur before, during, or after the
solution of a problem” (Silver 1994). Although often neglected in school mathemat-
ics, problem posing is as important as problem solving (Cai et al. 2015; Kilpatrick
1987) and warranted explicit attention in professional development focused on mod-
elling.

Many students believe that mathematics consists of fragmented bits of informa-
tion transmitted from teachers or textbooks, and that students are not capable of
“constructing mathematics knowledge and solving problems on their own” (Muis
2004, p. 329). To be successful modellers, students need experiences that challenge
these perspectives and reveal mathematics as a creative enterprise, wherein problem
solvers are empowered to make choices as they pursue solutions. Making choices
creatively whilst modelling focuses on the ability to determine what mathematics
the modeller will use or develop to make progress on a task. It empowers students as
mathematical thinkers whose perspectives, ideas, and decisions matter, both to the
ways problems are formulated and to the solutions pursued.

Finally, revisiting ideas and revising solutions during the modelling process
involves stepping back and considering whether the solution (either in progress or
complete) makes sense in light of the initial problem. In the context of teaching and
learning, revisiting ideas and revising solutions also involves returning to both the
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contexts and mathematical content that played a critical role in previous modelling
tasks and applying them to new situations.

Keeping our four features in mind, we designed five modelling tasks for teachers
during professional development. When determining what tasks to pose, we consid-
ered that modelling is a challenging process that requires persistence and time. In
designing tasks, we considered four pedagogical features:

• Attributes of Modelling: What modelling practices (wrestling with openness in
modelling, posingmathematical problems to address real world situations, making
choices creatively whilst modelling, revisiting ideas and revising solutions during
the modelling process) are made visible through this task?

• Variation: Does this task highlight a particular type of model?
• Access: Do the modellers have the appropriate mathematical tools to approach
and solve this task?

• Relevance: Will the modeller care about this problem or situation?

To highlight each of these pedagogical features, we will describe them through the
Water Usage Task adapted fromHoffman (2014). The water usage task asks problem
solvers to quantify the amount of water used to grow, process, and distribute the
ingredients needed to make one slice of cheese pizza. We asked our participants,
“How much water is needed to make pizza?”

Hoffman (2014) suggests a specific solution based on critical assumptions and
decisions about the meaning of the situation and the purpose in asking the question.
Our purpose in using theWaterUsageTaskwas to introduce teachers towrestlingwith
openness in modelling. We wanted teachers to consider the notion that a problem
could be approached from multiple perspectives and reinforce the notion that the
perspective and knowledge of the modeller matters (English and Watters 2005).
We also wanted teachers to see that perspective can cause variation in the types
of models that are produced and that situations and questions exist in which more
than one solution could make sense. We anticipated teachers could use a variety of
mathematical tools, at different levels of complexity, to make sense of the situation
and knew all of the teachers had experiences making and eating pizza.

7.2.2 Preparing Teachers to Teach Modelling

Using mathematical modelling to solve a problem is markedly different from sup-
porting students as they work through a modelling task. Elsewhere, we described the
work teachers must engage in as they develop and enact modelling tasks (Carlson
et al. 2016). This work involves three teaching phases: developing the task and antic-
ipating student strategies, enacting the task alongside students, and revisiting the task
as opportunities arise. As the phases suggest, enacting modelling tasks with students
involves many of the demanding teaching practices that have been associated with
tasks that have high cognitive demand (Stein et al. 2000). Teachers must anticipate
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the mathematics students might use as they approach the task and anticipate mathe-
matics students might find confusing or challenging. If the teachers plan for students
to work in small groups, they must manage group work. During task enactment,
teachers facilitate classroom discourse, selecting and sequencing student work that
will be shared in a whole-group discussion. In addition, teachers must consider what
contexts will be interesting and engaging for students and try to predict how students’
cultural and community-based “funds of knowledge” (e.g. González et al. 2001) give
students access to, and agency within, the problem. In order to respond to the ped-
agogical demands of teaching mathematical modelling, we set aside time each day
to focus on and develop teachers’ capacity in areas like differentiating classroom
instruction, facilitating classroom discourse, and managing group work.

7.3 Theoretical Framework: Mathematical Modelling
as a Community of Practice

As teachers translated their experiences in professional development into their own
classrooms, we wondered how attributes of modelling and associated pedagogical
practices might influence their classroom instruction. Our qualitative analyses sug-
gested that modelling fostered outreach and empowerment across the classroom,
school, and local communities. We looked to the communities of practice literature
as a way to make sense of the communities that formed when teachers enacted mod-
elling tasks as well as the attributes of modelling that seemed to promote community
knowledge and ownership.

Wenger (1998) described a community of practice as a “simple social system”
(p. 1). Participants in a community of practice exhibit certain competencies, includ-
ing:

• Understanding what matters, what the enterprise of the community is, and how it
gives rise to a perspective on the world.

• Being able (and allowed) to engage productively with others in the community.
• Using appropriately the repertoire of resources that the community has accumu-
lated through its history of learning. (p. 2)

Wenger went on to explain that communities of practice exist across broader systems
that involve other communities.

In this chapter, we look across three teacher-developedmodelling tasks to consider
what attributes the teachers transitioned into practice that fostered mathematical
modelling as a community practice. We address the following research questions:

1. In what ways does mathematical modelling promote mathematical communities
of practice in the elementary classroom?

2. How do attributes of modelling and pedagogical practices help foster communi-
ties of practice as teachers engage elementary school students in mathematical
modelling?
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7.4 Setting and Method

This investigation was part of a National Science Foundation-funded study aimed at
examining mathematical modelling in the elementary and middle grades. Working
alongside two other universities and three school districts, we engaged in a three-
year, multi-state project. Our overarching goal was to provide and study the effects
of professional development in mathematical modelling for grades Kindergarten
to grade 8 (K–8) teachers. We developed and implemented a week-long, intensive
summer professional development course, described above, as well as facilitated
semester-long teacher study groups for 28 elementary grades teachers at a U.S.
university in the Rocky Mountain West. We set up study groups of grade level teams
and each teacher team implemented at least one modelling task. Each of the authors
as well as two teacher leaders facilitated a teacher study group of 4–6 teachers
during implementation of the modelling tasks. In this investigation, we draw on data
collected from classrooms during teacher study groups.

7.4.1 Data Collection

The 28 teachers worked in their study groups with a facilitator to discuss, debrief,
and modify modelling tasks designed during the summer professional development.
These study groups met six times through the autumn school semester. We audio-
recorded teacher-study group sessions and took notes describing the nature of the
discussions. In addition, we visited classrooms as the tasks were enacted and wrote
field notes following each day of implementation. Our main data sources were video
and audio of classroom tasks and teacher study groups as well as first-hand observa-
tions of, and field notes taken during, implementation of the modelling tasks.

7.4.2 Data Analysis

We used narrative analysis (Clandinin and Connelly 2000; Riessman 2008) to exam-
ine the data, primarily by examining the modelling tasks themselves. We used com-
munities of practice (Wenger 1998) as a guiding framework. Narrative analysis uses
artefacts such as field notes and conversations to understand the ways in which
meaning is created. Using our notes, paired with transcripts from the teacher study
groups, we first sought to describe each modelling task, the rationale, and the teach-
ers’ mathematical goals for the task. We found evidence that a majority of teachers
used mathematical modelling tasks in their classrooms as a way to highlight com-
munity—classroom community, school community, or the civic community. Next,
we considered the ways in which students worked through the task and decisions
teachers made as students worked. We looked for ways, both in the design and in the
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enactment of the task, that modelling fostered community across the tasks and how
this occurred. From this analysis, we constructed rich descriptions of the modelling
tasks and teacher accounts.

As we analysed each of the modelling tasks, we looked for these three features
of communities of practice:

• Relevance: Understanding what matters, what the enterprise of the community is,
and how it gives rise to a perspective on the world (Wenger 1998, p. 2). We looked
for ways that the modelling task was meaningful to the modeller.

• Engagement: Being able (and allowed) to engage productively with others in the
community (Wenger 1998, p. 2). We looked for ways that multiple modellers’
perspectives were heard, considered, and valued.

• Access: Using appropriately the repertoire of resources that the community has
accumulated through its history of learning (Wenger 1998, p. 2). We looked for
ways that all modellers in the class could make contributions to the creation of a
model.

To help answer the second research question,we also analysed acrossmodelling tasks
considering how these attributes fosteredmodelling as a community of mathematical
practice.

7.5 Results

In this section,we chronicle three differentmodelling tasks designed by teacher teams
selected on the basis that they demonstrate fostering of classroom community (Lunch
Planning Task), school community (Pizza Party Task), and the civic community (City
Park Ice Rink Design Task) and discuss how the themes of relevance, engagement,
and access emerged in each lesson and how these themes fostered modelling as a
community endeavour.

7.5.1 The Lunch Planning Task

Third and fourth-grade teachers collaborated on the Lunch Planning Task. The pur-
pose of the task was for students to design a lunch, within budget, for several classes
to enjoy and use as a team-building experience. Students discussed that they needed
to determine what to serve, how much food to order, and what the cost of the lunch
would be. In addition, since the focus was on team building, several of the classes
also researched how to spend their time during the lunch and what activities they
could organize that would help to build community within the classroom.

The teachers worked with students on this task over the span of four weeks,
addressing the task a few times each week. As the students worked on the task, the
teachers allowed students to choose which portions of the task they wanted to help
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with. They described that all parts of the task were accessible to someone in the
classroom. Initially, the students worked on determining what should be served at
lunch and the quantity of food they should order. Students primarily used surveys,
multiplication, counting, and measurement as mathematical tools to aid them in
making decisions. Once students determined what should be served and how much
they would need to order, they needed to determine where the food would come from
and if the meal was in budget. The teachers helped by providing grocery store and
restaurant advertisements, and students used multiplication and repeated addition in
determining the total cost.

In planning the activity, the teachers discussed that the community lunch planning
happens every year, but the teachers usually take on the responsibility of designing
and planning the lunch. Since students usually enjoy the lunch and make suggestions
onwhat should happen, they determined that the studentswould find the task relevant.
As students worked on the task, the teachers commented that it promoted excitement,
motivation, and perseverance because students felt they were given ownership of an
important decision. In describing relevance, one teacher stated:

I would also really encourage them [other teachers] to think about not just problems outside
of school, like building a house or something but problems that are more real to the students.
For fourth-grade, that has been really successful, you know? Our lunch was really successful
and really motivating. There is no work I have to do, you know, no encouragement. We just
started the process…and they were really excited. They knew what was going on. [It’s
important] to attack problem that they have some sort of connection to.

Engagement emerged quickly in this modelling task. When determining what
lunch to serve, students had opinions on which meal was their favourite and why,
however, they found that their opinions varied greatly. The students realized that
50 different meals was not a cost-effective model. Teachers encouraged students to
consider how to best hear and acknowledge everyone’s perspective, which eventually
resulted in learning about surveying and implementing surveys in order to hear from
all students. Even after a decision was made, according to the survey, students asked
if it was fair to serve a meal that a few people did not like or could not eat. The
teacher encouraged them to go back and consider these perspectives as they were
making choices in the modelling process. For example, after pizza was chosen as
the most popular meal, students decided they needed to find a solution for several
lactose-intolerant students.

In describing the Lunch Planning Task, one teacher described that it was one of
the few times where all students could feel included and access the mathematics
together. She stated:

The most amazing thing to me is that everybody is able, no matter who you are, can enter
the process where you need to enter it. I just, my entire life, as a person, I have always
had a hard time not including everyone and not having everyone feel like they are valued
or important. And, I’ve, when I decided to become a teacher, as much as we like to think
public education is inclusive, it’s not. We have groups, pullouts and things because we need
to service everybody. I totally understand, but it has always made me a little uncomfortable
because I see the dynamics because of that. Roles are created…It’s just reality. This was the
first time that I had that “aha” moment in the class this summer when we were reading those
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articles. I was like ohhh, if this is how math could be in my classroom where everyone was
doing math and didn’t have a status role so to speak as the really smart math kid or the not
so smart kid. If we all just had a part in this, that was totally mind-blowing for me. I got so
excited.

The Lunch Planning Task promoted a community of practice through relevance,
engagement, and access. Students found the task relevant because they were allowed
to assume ownership of a classroom activity usually reserved for the teacher to design
and enact on her own. Engagement was evident as the students wanted to make sure
the model satisfied their wants and needs as a classroom. All students were able to
access the task and share solutions because the teachers carefully thought about the
mathematics involved in the task in relation to their grade level.

7.5.2 The Pizza Party Task

The Pizza Party Task involved first-grade and fifth-grade students. Traditionally,
first-grade students (age 6–7) at the school have a pizza party on the last day of
school and this year they wanted to invite their fifth-grade (age 10–11) “buddies” to
join.

Similar to the Lunch Planning Task, this task was relevant to both ages of students
and the teachers discussed the importance of relevance in motivating students. They
also discussed howmanymathematics problems they typically work on that are set in
the “real-world” but the choices students make in solving the problem do not actually
mean anything in the context of the problem. One teacher addressed relevance this
way:

The real worldliness of what we were doing was key. Because a lot of math that I teach on
a daily basis I feel like has no connection to the real world. I mean maybe you can stretch it
where we are talking about candy or in a story problem dividing it up, but it kind of loses
something because it’s not connected to a real-world thing that means something to the
kids… The fact that they were actually going to get food at the end was important. It was
engaging.

Engagement emerged in several different ways. First, the teachers did not reserve
all of the mathematics for the older students. Instead, they allowed both age groups
to be experts in their own right and describe solutions to parts of the problem to each
other. Second, echoing what we found in the Lunch Planning Task, the students had
to understand the wants and needs of one another as they ordered pizza.

Concerning access, the teachers were very thoughtful about considering how a
modelling task could have multiple questions that could be approached in an appro-
priate way by students at varying grade levels. For example, the fifth-grade class
determined where to buy the pizza by considering the area of the pizzas in relation to
their size and price. They presented their findings to the first-graders, identifying the
place that they had determinedwas the best, showing them the size of the pizza slices,
and explaining the topping choices for a particular cost. The first-graders addressed
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a different question by determining how many of each pizza to buy and what kind.
The first-graders also constructed surveys to gather data about how many pieces of
each type of pizza each student wanted and determined howmany pizzas they should
order for their class. Using repeated addition, they extrapolated from their class to all
of the classes who would be at the party. They concluded the task by presenting how
many pizzas and what type should be ordered. Although different ages, each class
was able to contribute to the overarching question in a way that was appropriate for
their mathematical understanding.

The Pizza Party Task promoted a mathematical community of practice across
grade levels through relevance, access, and engagement. In this case, students found
the task relevant because the task was real and the choices they made had conse-
quences that mattered to them. In terms of access, the teachers divided the task
so that students, who varied in age by four years, could answer a question at their
appropriate level of mathematical understanding. Lastly, engagement emerged as the
students, across grade-levels, were able to take ownership and expertise of the task
and share their solutions to parts of the problem.

7.5.3 City Park Ice Rink Design Task

The City Park Ice Rink Design Task emerged from fifth-grade students’ discussion
about the use of an ice rink at City Park. The students felt that the area currently des-
ignated for the skating rink was not being used appropriately. From their perspective,
the hockey space was too small, causing hockey players to enter the free-skate area.
Students who enjoyed free-skating felt unsafe because of the hockey equipment, and
students who enjoyed hockey felt they did not have enough space to play. The teacher
commented that she heard the students complain about the use of the park on a daily
basis and felt it would have relevance for her students to explore the use of the park.
She stated:

We have a local park that they all use and they all talk about how the use of it isn’t always
appropriate, or appropriate as they see it as ten-year olds. So my thought was that we could
explore the uses and see why the uses aren’t equitable….I think we can use it [Google Earth].
That’s part of the discovery that I really want them to be thinking about. How are you going
to figure out how big the park is? How are you going to measure and do that?

Unlike the other two taskswe chronicled, the teacher described that for some students,
lack of relevance impacted students’ perseverance and interest in the problem. Several
of the students were engaged in the task and solving the problem but a few seemed
to lose interest because they did not use the park nor did they like ice-skating.

The teacher worked carefully to consider how students would access the task,
examining what mathematics would be addressed in the activity and how it was con-
nected to grade-level standards. Because students were studying area measurement,
she wanted them to investigate the area of the skating rink and how they might fairly
partition it for different types of skaters. During the task, the students found the



7 Teachers as Learners: Engaging Communities of Learners … 137

area of the current skating space using tools like Google Earth and then researched
appropriate areas for skating activities.

Engagement was represented in a different way in this task. The City Park Ice
Rink Design Task intersects with the broader community. When students proposed
changes, the teachers and students could not actually enact them. The teacher pro-
posed that they first present and listen to each other’s solutions to determine which
model might be the best overall. After determining which solution might be best,
the students were asked to voice their opinion to the town hall through a letter. The
students were asked to describe the problem and the mathematical process they went
through in determining a solution. Through this process, the students were given a
voice in a larger community space. The teacher stated:

They use that park all the time. It is very much part of their daily lives… Even if the city
doesn’t do anything, they have been able to voice their opinion in a constructive way with
evidence, which is so important.

The City Park Ice Rink Design Task promoted a mathematical community of
practice across grade levels through relevance, access, and engagement. In this case,
many students found the task relevant because they cared about the city park and
ice rink usage. The task also highlights that if the modelling task is not relevant to
some students then they may not fully participate in the task. In terms of access,
the teacher thought carefully about the mathematics involved in the task and how
it aligned with grade level standards. Lastly, engagement emerged as the students
were able to describe their solutions both inside their classroom and in the broader
community.

7.5.4 Looking Across Tasks

Looking across the tasks, we found that the elements of communities of practice
emerge in different ways. Relevance is evident where a community of practice has a
shared vision or purpose and understands its role in relation to the greater community.
Also, when problems had relevance to the students, this made the problem important
and motivating for students to work to solve the task. Relevance was apparent in
these modelling tasks when students would take on a coveted responsibility, take
action toward an important problem, or work toward a goal that everyone valued.

Access is apparentwhen a community of practice draws on their shared experience
and history of learning. In each of these tasks, the teachers thought carefully about
the mathematics the students might use in the task to make sure everyone could
contribute in a way that made sense to them. The Pizza Party Task highlights that
the same modelling task could be approached using different questions and content
knowledge to address the task in an appropriate way.

Engagement is perceptible when all members of a community of practice have
the right and ability to be heard. Teachers fostered this in several ways as they
implemented modelling tasks. First, the openness of the task and the variety of
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tasks embedded in one project allowed for students to solve the Lunch Planning
Task in multiple ways. In the Pizza Party Task, teachers designated tasks to different
grade levels to provide engagement by, and expertise to, all. Communities of practice
acknowledge that multiple communities and spaces exist together at once and, within
the City Park Ice Rink Design Task, the teacher helped students to transition their
engagement to a community that encompassed the local town.

7.6 Discussion and Implications

In this research, we asked in what ways mathematical modelling promotes mathe-
matical communities of practice in the elementary classroom and how attributes of
modelling help foster communities of practice as teachers engage elementary school
students in mathematical modelling. Our narrative analysis of the tasks designed and
taught by teachers provides a chronicle of how teachers use the relevance of a task
to build communities and how the nature of modelling allows for multiple access
points and student engagement.

We chose tasks for teachers to engage in during professional development that
were intended to help teachers experience and reflect on learning opportunities made
available through mathematical modelling: (1) wrestling with openness in mod-
elling; (2) posingmathematical problems to address real world situations; (3) making
choices creatively whilst modelling; and (4) revisiting ideas and revising solutions
during the modelling process. As a stance, the professional development reinforced
the nature of mathematical modelling as a tool to solve problems important to the
community and enacted by a community of learners. In the teacher study groups,
teachers worked together to create tasks for their students that would exhibit these
features.We found that the tasks teachers enacted in their classrooms promoted class-
room, school, and civic community through mathematical modelling. In addition,
we know that teaching mathematical modelling is demanding work and that teachers
must coordinate knowledge of mathematical and pedagogical content knowledge
to facilitate a modelling task (Blum 2011, 2015; Doerr and Lesh 2011; Zawojew-
ski et al. 2003). Teachers saw opportunities to motivate mathematical thinking and
perseverance by engaging students in solving problems that made a difference for
themselves and for others.

In our professional development, we created opportunities for teachers to experi-
ence being modellers, to engage in relevant tasks, to work together as a community
of learners, and to be thoughtful practitioners in teachingmathematical modelling. In
this combination of goals in professional development, we framed how teachers saw
community as an important component of modelling, which they then extended to
their own tasks. We are interested to notice that the teachers and their students made
the most of these opportunities to make social connections and to use modelling
to find ways to make decisions that were for the good of the group. In the Lunch
Planning Task, students tackled a task they understood and felt connected to. Their
teachers, in that case, recognized the power of students using mathematics in ways
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that directly impact their own classrooms. In the Pizza Party Task, students inves-
tigated and analysed a situation that fostered connections between themselves and
other students. In the City Park Ice Rink Design Task, students considered the role
mathematics can play not only in solving problems, but in developing convincing
arguments that can be shared with civic leaders. One teacher gave insight about why
this might be when discussing a community-based task in her classroom of second-
graders by saying, “[students] are really interested in these ideas and problem solving
these big things. They don’t feel incapable because they are young. I want them to
understand that their work, and their work through math, has an impact.”

7.7 Conclusion

The teachers responded to our conception of modelling as a tool used to solve rel-
evant problems. They created tasks for their students that would engage students as
modellers in using mathematics to solve problems that mattered to them.

Our approach to the mathematical modelling professional development was one
in which we relied on a community of practice (Wenger 1998). This message about
modelling, and how best to accomplish the teaching of modelling among those unfa-
miliar with it, may have permeated teachers’ notions about how to teach modelling.
It might also be that in their search for contexts with meaningful problems that lend
themselves to classroom modelling, teachers found that school students were most
interested in pursuing problems that affect themselves.

This narrative analysis leaves us with several lines of inquiry open to investiga-
tion. Why do teachers gravitate towards opportunities to model problems directly
affecting community? Is there something inherent in the way we defined mathemat-
ical modelling in classrooms—as solving a problem that is based in authentic, lived
experiences—that leads to tasks based in community improvement?

Thewaywe approachedmodelling as an activity that takes place within a commu-
nity of practice involved classroom practices of discourse, including making com-
promises and active listening. Does modelling in classrooms amplify this sense of
negotiation and agreement because problems begin and remain open? Critical to
modelling in elementary grades is the teacher facilitating community agreements
about modelling decisions so that the class can move forward together in produc-
tive work (Carlson et al. 2016). It is not practical to think that in elementary grades
teachers can let students pursue individual solutions to modelling problems. This
means modelling in an elementary classroom requires the teacher to facilitate com-
munity agreement and progress in a way that is not inherent to modelling outside of
classrooms.

Finally, we remain interested in the affordances and limitations of mathematical
modelling in elementary grades, especially viewed in light of an already demanding
elementary school curriculum. Our selection of modelling tasks in the professional
development was a careful balance of mathematical topics we wanted to engage
teachers in and modelling practices and values we wanted to expose them to. What
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kinds of mathematical decisions do teachers make when pursuing modelling oppor-
tunities for students? Do they hold high standards for mathematical work? There
can be much classroom activity when students are engaged in solving problems with
modelling, but how can teachers keep the activity focused onmathematical learning?
Does inserting modelling in elementary curriculum sacrifice curricular coherence?

Mathematical modelling in elementary grade classrooms in the USA is a new
arena—new to practice and new to research.We continue to pursue an understanding
of how to best support teachers in their enactment of mathematical modelling.
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