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Abstract
In this paper, I discuss one chapter of a growing profession-
al development program that aims to improve the quality of 
mathematics education for students by developing middle 
level mathematics teachers’ content knowledge and prob-
lem-solving skills, as well as their facility with applying the 
Standards for Mathematical Practice . I provide context 
within the national program, then discuss how the local 
chapter emerged, describe in detail the summer workshop 
and associated academic year sessions, discuss outcomes 
from the program, and provide information regarding how 
to start a similar program . 

Introduction

In the summer of 2009, the University of Colorado 
Denver and the St. Vrain Valley School District in 
Longmont, Colorado began a partnership designed to 
strengthen the problem-solving skills and mathemati-

cal habits of mind of middle school mathematics teachers. 
We wanted teachers to have a venue to work on their 
mathematical problem solving and to develop their math-
ematical habits of mind while simultaneously building 
their capacity to implement rich mathematical tasks in the 
classroom. After the initial summer workshop, the project 
expanded to include teachers from a variety of school dis-
tricts, mostly in the Denver metropolitan area. 

For over four years now, this program, known as the 
Rocky Mountain Math Teachers’ Circle Program, has pro-
vided professional development for teachers in which they 
engage in the process of doing mathematics with guidance 
from university mathematicians. We recognize that an 
unfortunate side effect of how mathematics has tradition-
ally been taught at both the K-12 and collegiate levels is 
that many teachers have never had the opportunity to truly 
explore mathematics using the same disciplinary-specific 
habits of mind that research mathematicians use on a daily 
basis. That is, they have not had the opportunity to 
explore, question, conjecture, create examples, generalize, 
and communicate mathematically (Conference Board of 
the Mathematical Sciences [CBMS], 2012). 

Yet with the introduction of the Principles and Standards 
for School Mathematics (National Council of Teachers 
of Mathematics [NCTM], 2000) and the Common Core 
State Standards for Mathematics (Common Core State 
Standards Initiative [CCSSI], 2010), teachers are being 
asked to develop skills (e.g., the Standards of Mathematical 
Practice) in their students that they themselves may never 
have had the opportunity to develop (CBMS, 2012). As 
such, we take the approach that teachers will benefit in 
the classroom from focusing on their own development 
of these skills as learners. Since we know that teachers’ 
instructional practices often reflect their own learning 
experiences, we provide “the opportunity to experience 
firsthand a form of teaching that facilitates and supports 
learning” (Smith, 2001, p. 43).
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Since inception, the Rocky Mountain Math Teachers’ Circle 
Program has served approximately 150 teachers from 25 
districts, including numerous mathematics coaches and 
others with informal leadership roles (e.g., mathematics 
department chairs). Each summer, we hold a one-week 
summer immersion workshop. In addition, academic year 
sessions are held on Saturday mornings approximately 
once per month. Graduate credit or continuing education 
units are available to participants. 

Background
The Rocky Mountain Math Teachers’ Circle Program is 
part of a national network of Math Teachers’ Circles orga-
nized through the American Institute of Mathematics 
(AIM), headquartered in Palo Alto, California. AIM is one 
of eight mathematics research organizations in the United 
States. While AIM predominantly provides a venue and 
structured format for research mathematicians to come 
together to further their own mathematical research, out-
reach via Math Teachers’ Circles (MTCs) is a key part of 
AIM’s efforts. The first MTC began at AIM in 2006, as an 
offshoot of a local math circle for K-12 students (American 
Institute of Mathematics, n.d.). Since then, MTCs have 
spread rapidly, thanks to the extensive efforts of AIM 
and a core group of dedicated mathematics profession-
als. There are now approximately 57 active MTCs across 
the country, with approximately 12 new teams attending 
training each summer at one of the two weeklong training 
workshops. 

The first MTC was intended solely to provide a venue for 
teachers to explore exciting mathematics, much as they 
were observing their students do in the math circles for 
students (Donaldson, Nakayame, Umland, & White, 2014). 
This initial intent remains, but MTCs have evolved sub-
stantially over time, and they now align more closely with 
many fundamental tenets of mathematics professional 
development, including those of Desimone (2009) and 
Guskey (2003). 

The Rocky Mountain Math Teachers’ Circle Program 
began in the summer of 2009, when a five-member lead-
ership team attended a weeklong training session entitled 
“How to Run a Math Teachers’ Circle.” It was organized 
by AIM, sponsored by the National Science Foundation, 
the National Security Agency, and the Mathematical 
Association of America (MAA), and hosted at the MAA’s 
headquarters in Washington D.C. The leadership team was 

intentionally diverse, consisting of a mathematician and 
statistician from the University of Colorado Denver, and 
the district mathematics coordinator, a high school teach-
er, and a middle school teacher from the St. Vrain Valley 
School District. 

Throughout the week, mornings were spent engaging in 
problem-solving activities (i.e., sample MTC activities 
and sessions) with seven different leadership teams, while 
afternoons were spent in structured planning for each 
team’s local MTC. Although all MTCs share certain basic 
properties, each MTC is also tailored to meet the needs of 
the community that it serves.

There was ample time for the team to bond and get to 
know one another over meals and evening excursions 
in the D.C. area. This training was the first time that the 
entire team was together, and for some, the first time that 
they were meeting each other. In hindsight, this oppor-
tunity to spend an intense week immersed in training 
and preparing to run a MTC was pivotal in shaping the 
program and developing the professional and personal 
relationships to work effectively together and to develop a 
high quality MTC. Following this initial meeting, the team 
continues to meet for monthly planning over dinner at a 
central location to work further on fundraising, recruiting, 
specific activity planning, and other logistics.

The Rocky Mountain Math Teachers’ Circle Program has 
evolved from this initial partnership with one district to 
a stand-alone professional development program open to 
teachers of mathematics from any district. While we focus 
primarily on middle-level teachers (i.e., grades 5-9), we 
have some dedicated high school teachers who attend, as 
well as an occasional elementary teacher. Rationale for 
attendance varies, with some teachers reporting that they 
attend because they feel like their district does not provide 
the math-specific professional development that they need 
or want. Others simply love to engage with and explore the 
mathematics. Several regular attendees teach in non-tradi-
tional settings (e.g., juvenile rehabilitation facilities, credit 
recovery alternative schools, charter schools). However, 
most teach in a traditional middle school setting.

Although the entire leadership team played important 
roles in developing the initial workshop and program, the 
high school teacher and the mathematician have emerged 
as the program co-directors. The high school teacher, with 
her expertise on assessment and on leading professional 
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development, has taken the lead on the overall structure of 
the workshop, to include community building, establishing 
group norms, and various logistics related to the physical 
set-up of the space. Given her role at the university and her 
content expertise, the mathematician has assumed overall 
leadership of the project as program director, handling 
local logistics such as graduate credit, fundraising outside 
the initial partner district, and overall content planning. 

Summer Immersion Workshops
The summer immersion workshops, held each summer 
since 2010, last five full days and have each supported 12 
to 25 teachers. Most have been held on the University of 
Colorado Denver campus, and have been fully funded 
through grants from the National Science Foundation and 
other foundations. With the exception of the first summer, 
all workshops have been widely advertised and open to 
teachers from any district. We estimate that approximately 
half of the participants attend a single summer workshop 
only, with the other half attending for at least one year, to 
include both academic year sessions and additional sum-
mer workshops.

Typically there are 3-5 facilitators who lead sessions 
throughout the week, providing participants with a variety 
of different styles of facilitation as well as a selection of 
diverse topics. These facilitators typically have significant 
experience working with teachers and a substantial math-
ematics content background. Most are mathematicians, 
though other members of the leadership team have led 
sessions throughout the week as well. 

On the first day of the workshop, we openly acknowledge 
that the participants are in a dual role as both learners and 
teachers of mathematics. As Tassell and colleagues (2011) 
noted, they are engaged in “teacher learning through a 
bifocal lens” (p. 44). Specifically, we ask them to spend 
the first four days of the workshop focusing on their role 
as active learners of mathematics, and assure them that 
on the last day, we will connect what they have learned 
throughout the week to their role as teachers of mathemat-
ics. A general description of the week is provided in the 
sections that follow. 

Day 1 - Morning
The first morning is spent setting the tone and developing 
the community for the week. We aim to create an atmo-
sphere where all participants feel that their mathematical 

thinking is valued and that the other participants support 
and respect their personal learning. This is particularly 
important as participants’ background can vary tremendously, 
from someone trained initially as an elementary teacher to 
someone with a bachelor’s degree in mathematics. 

To accomplish this, we complete two carefully constructed 
activities. First, after a brief introduction to the facilitators 
and announcements about logistics for the week, partici-
pants spend approximately 45 minutes creating community 
agreements for the week. These are developed through the 
following three questions:

What are the characteristics of a problem solver?

What are the characteristics of an effective group?

What are the characteristics of an active listener?

After this, we begin our second activity that focuses on 
building community and trust amongst the participants. 
To accomplish this, we pose the first mathematical problem 
of the week. One problem that we have used repeatedly 
follows. 

In a crazy New York apartment building there are 
seven elevators, each stopping at no more than six 
floors. It is possible to get from any one floor to 
any other floor without changing elevators. What 
is the maximum number of floors in the building? 
(Konhauser, Velleman, & Wagon, 1996, p. 42).

In selecting the initial problem we are careful to choose 
one that is easy to state and understand, requires minimal 
mathematics background needed to begin to explore it, and 
allows for a variety of approaches that can lead to signifi-
cant progress toward an answer. In the case of this particu-
lar problem, trial and error readily provides lower bounds 
for the number of floors, but finding the maximum number 
possible is considerably more challenging.

From the start of the workshop, we want group members 
to initially develop their own mathematical approaches 
and ideas, articulate them and have them heard by others, 
and examine various approaches. Thus, participants are 
asked to work individually for at least 20 minutes, before 
the facilitator has them share out within the others at their 
table using a round robin format. Each table group, gener-
ally consisting of four people, is asked to make a poster that 
includes the original thinking of all of the group members. 
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A random choice of presenter for each group then shows 
all participants that there is an expectation that each indi-
vidual listen to and absorb the various ideas from others.

Day 1 Afternoon – Day 4: Main Workshop 
Sessions
Beginning with the first afternoon and continuing through 
Days 2-4, the workshop focuses on providing participants 
with experiences to engage with intense, cognitively demand-
ing mathematics. To ensure that participants experience 
lots of different approaches to mathematics throughout the 
week, groups are randomly assigned each day.

Mornings are composed of one long mathematical explo-
ration (3-3.5 hours), while afternoons are spent with two 
shorter sessions (1.5 hours each). At least one, sometimes 
two or more, topics are intentionally developed across 
multiple days. The reasons for this include: developing par-
ticipants’ comfort level with leaving problems unanswered; 
supporting participants in recognizing that often in mathe-
matics there is no quick answer; and helping participants to 
realize that struggle and exploration are ongoing. 

During these sessions, we intentionally choose topics and 
problems from across the mathematical spectrum, ensuring 
that we include diverse areas such as geometry, probabil-
ity and statistics, discrete mathematics, and topics related 
to number systems. Often topics overlap several areas of 
mathematics. Sometimes sessions start with a specific ques-
tion, such as one of the following:

1. Write numbers from 1 to 100 on the board. Select 
any two of the numbers, erase them, and write on the 
board the sum plus the product of the two numbers. 
For example, if you erased 2 and 5, the sum plus the 
product is 7 plus 10, or 17, and so you write a 17 on 
the board. Now there are two 17s, but that’s OK. Repeat 
this process of selecting two numbers and replacing 
them with their sum plus their product. What are the 
possible outcomes?

2. A 3 x 3 x 3 cube is made up of 27 smaller 1 x 1 x 1 
cubes. Each of the smaller cubes are painted such that 
the 27 cubes can be assembled to create an all blue 
larger cube. Then, they can be reassembled so that they 
can create an all red larger cube. Finally, the 27 little 
cubes can be taken apart and reassembled to create an 
all white larger cube. How could the 27 little cubes be 
painted in order for this to happen?

Other times, sessions surround a specific topic, for exam-
ple, combinatorial games. A variety of games were intro-
duced over several days, with participants given time to 
explore each game and work toward finding a so-called 
winning strategy (i.e., a strategy whereby if both they and 
their opponent make the best possible move at each turn, 
then they are guaranteed to win). 

Another popular extended topic that has been used in sev-
eral of the workshops is Exploding Dots, which investigates 
many of the basic ideas of place value and standard algo-
rithms for arithmetic and algebra in a novel way. Tanton 
(n.d.) has a wonderful video exposition of this topic. 
Several shorter topics have investigated diverse topics such 
as symmetries of plane figures, ways to tile the plane, logic 
puzzles, and topics from probability and statistics. 

Last Day
The last day of the summer immersion workshop begins 
with returning to the mathematical problem from the first 
day. Participants are provided additional time to work on 
it in their small groups for the day, and then report out to 
the large group. They are amazed to see how far they have 
progressed from that first day, and how much more versa-
tile they are in their mathematical thinking.

As a way to encourage participants to reflect on their expe-
rience and learning from the week, the second and final 
activity of the morning is for the participants to make a 
poster, containing only symbols and pictures, which rep-
resents their journey for the week. Each small group pres-
ents their poster to the larger group. 

The afternoon is dedicated entirely to connecting what 
participants have learned to their classrooms. Participants 
discuss the Standards for Mathematical Practice (CCSSI, 
2010), which have been referenced throughout the week, 
as well as the 21st Century Skills (Partnership for 21st 
Century Skills, 2008). They watch a TEDxNYED video 
(Meyer, 2010) and read a chapter from the book, The 
Courage to Teach (Palmer, 1997).

Transitioning to concrete plans, participants are asked to 
choose three things from the week that they would most 
like to infuse in their classroom during the first semes-
ter of the upcoming academic year. Choosing one, they 
describe how it would look at the end of the semester, the 
end of the first quarter, and the first three weeks of the 
semester. They then make a to-do list of things that they 
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need for the plan. These could include a timeline, prompts 
to use, manipulatives, professional development, or sup-
port from others.

Summer Immersion Workshop 
Outcomes

Our hope was that, at the end of a weeklong immersion 
workshop, participants would have increased comfort 
level with open-ended mathematical problems, increased 
self-efficacy related to mathematical problem solving, 
increased content knowledge, increased mathematical 
knowledge for teaching, and a stronger desire to imple-
ment more student-centered mathematics into their class-
room. Measuring all of this has proven to be a challenge. 
We have used three primary sources for evaluative data, 
which are described in the sections that follow.

Workshop Surveys
To measure the outcomes of the workshop, we have used 
end-of-workshop surveys. On these, self-report partici-
pant gains can be loosely separated into gains as a learner 
of mathematics and gains as a teacher of mathematics. In 
their role as learners, many commented that they were 
challenged by both the content and problem solving, and 
that they had not previously been asked to work collabora-
tively to this extent on mathematics. They also commented 
that they felt incredibly supported by the various facilita-
tors throughout the week and that they see the value in 
observing how the various facilitators lead sessions, taking 
ideas or even specific mathematics problems back to their 
own classroom setting or to their mathematics club. 

In their role as teachers, participants commented that they 
intend to require more justifications and explanations 
from students. They also plan to incorporate more group 
work, more open-ended problems and problems requiring 
exploration, and more mathematical discussions into their 
classrooms. They reported that they were able to learn 
teaching strategies such as effective questioning techniques 
by observing the instructional practices that the facilitators 
modeled. Although efforts to conduct case studies of par-
ticipants’ classrooms are ongoing (e.g., Donaldson et al., 
2014), it should be noted that this self-report data alone is 
insufficient for drawing conclusions about the classroom 
teaching practices of MTC participants.

Content Assessment
For two years, we administered a pre-post assessment 
known as the Learning Math for Teaching assessment 
(Hill, Schilling, & Ball, 2004), which measures aspects of 
what is referred to as mathematical knowledge for teaching 
(Ball, Thames, & Phelps, 2008). This phrase refers to the 
mathematics specifically needed to teach mathematics, as 
opposed to the mathematics commonly needed in other 
professions that use mathematics, like science and engi-
neering (Hill et al., 2004). Teacher performance on this 
instrument has been linked to student achievement (Hill, 
Rowan, & Ball, 2005). Both years, our participants showed 
statistically significant gains on the version that we gave, 
which focused on number concepts and operations at the 
middle level (White, Donaldson, Hodge, & Ruff 2013).

Facilitator Observations
Finally, the facilitators and co-directors debrief at the end 
of each day and at the end of the week. Our observations 
indicate that participants are developing perseverance, an 
openness to try problems that may have intimidated them 
before, communication skills, and a trust in their own 
mathematical reasoning.

Academic Year Workshops
Recognizing that teacher professional development needs 
to be sustained (Darling-Hammond & McLaughlin, 1995), 
we have offered approximately 7-9 sessions each academic 
year. Each meets on a Saturday morning for approximately 
3.5 hours, with a free lunch immediately following. These 
sessions follow the same spirit as those of the summer, 
with a variety of different facilitators throughout the aca-
demic year.

Participants report that their ongoing participation helps 
keep them thinking mathematically throughout the year. 
There are several schools in which multiple teachers have 
committed to attending as a team for at least a semester. 
They then report co-planning and discussing what they 
have learned together at their schools. This is an area that 
we would like to study in more depth, as one of the tenants 
of effective professional development is collective partici-
pation (Desimone, 2009). Overall, most participants who 
attend more than one or two workshops attend regularly 
for approximately two years, with a few outliers having 
attended almost all four years of academic year sessions 
and summer workshops. 
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Effective Professional Development
The MTC model addresses the five criteria for effective 
professional development identified by Desimone (2009). 
A description of each follows.

Content Focus 
MTC activities are centered on rich, open-ended problems 
with multiple entry points. Although the problems can be 
stated in such a way that a middle or high school student 
could understand them, some are rich enough that aspects 
of them are the subject of active mathematical research. 
Mathematicians are centrally involved in selecting problems 
and leading sessions to ensure participants’ access to deep 
content contextualized within the mathematical process.

Active Learning 
Participants are involved in active problem solving for the 
majority of each MTC session, with small group work and 
whole group discussions occupying the majority of each 
mathematics session. 

Coherence 
The activities of a MTC are designed to directly support 
participants’ development of the habits of mind described 
in the Standards for Mathematical Practice (CCSSI, 2010). 
MTCs intentionally support participants in developing at 
least six of the eight standards, including the ability to  
(1) make sense of problems and persevere in solving them, 
(2) reason quantitatively and abstractly, (3) construct 
 viable arguments and critique the reasoning of others,  
(5) use appropriate tools strategically, (6) attend to preci-
sion, and (7) look for and make use of structure. While the 
specific content addressed in any given MTC varies, the 
focus on one or more of these critical mathematical prac-
tices is always present.

Duration 
Participants can attend MTCs for multiple years. Each par-
ticipant engages in approximately 35 hours of professional 
development during each intensive summer workshop and 
between 21-28 hours during each academic year of partic-
ipation. 

Collective Participation 
The MTC model builds a community among participants, 
provides a natural way for mathematicians to become 
involved in K-12 education and form meaningful long-

term partnerships with teachers, and engages participants 
in the larger mathematical community.

Forming a Math Teachers’ Circle –  
A National Community of Support

There is now a well-formed support network for those 
interested in starting a Math Teachers’ Circle. AIM runs 
the national Math Teachers’ Circle Network (mathteacher-
scircle.org) and provides resources both for existing MTCs 
and those interested in starting a new MTC. They can help 
connect interested district personnel with mathematicians 
at a local institution of higher education to explore form-
ing a team to attend the weeklong “How to Run a Math 
Teachers’ Circle” training workshop. 

Each morning during this training workshop, experienced 
national MTC facilitators lead sample MTC sessions with 
the workshop participants acting as learners. In doing so, 
the teams explore a variety of problems that they could, 
in turn, use for their own MTC sessions, as well as see 
highly qualified MTC facilitators model sample sessions. 
This is especially important for those mathematicians who 
may have minimal, if any, prior experience working with 
teachers, as there can be a steep learning curve associated 
with learning to lead sessions effectively. Partnering with 
a teacher from the leadership team to co-develop sessions 
is one way in which some teams have worked together to 
develop and implement sessions effectively.

During the afternoons, teams work together to devel-
op their own logistical plan for their MTC, including to 
define roles, learn about and plan for funding opportuni-
ties, write their own mission and vision statements, and 
make a concrete plan for starting their own MTC. 

These training workshops have been quite successful, with 
over 85% of teams who have attended a training workshop 
successfully starting their own MTC. A variety of smaller 
seed grants ranging from $1500-$2000 have been available 
for the past few years to help new MTCs get started, and 
most have been able to find state or private foundation 
funding as well. In some states, Math-Science Partnership 
Grants or Improving Teacher Quality Grants ranging from 
$30,000 to $90,000 have been awarded for various MTC 
programs. The aforementioned website included a wide 
variety of materials that can be used to aid MTCs in secur-
ing funding, leading sessions, and gathering evaluation 

8



9

NCSM JOURNAL •  SPRING 2015

data. Facilitators from various MTCs regularly visit other 
MTCs to act as guest facilitators, thereby further spreading 
knowledge and experience. There is also a national listserv 
open to all MTC leadership teams that is used as a forum 
for communication and sharing of information.

The national MTC community is welcoming and growing, 
with no shortage of interested and experienced people 
willing to help support new MTCs. 

Conclusion
The purpose of the Rocky Mountain Math Teachers’ 
Circle Program is to improve the quality of mathematics 
education for students, specifically by developing middle 
level mathematics teachers’ content knowledge and prob-
lem-solving skills, as well as their facility with applying 
the Standards for Mathematical Practice (CCSSI, 2010). 
The program supports teachers by providing a variety of 
experiences for teachers to engage in learning mathematics 
though this active approach with authentic engagement in 
mathematical problems under the direction of professional 
mathematicians.

It is our hope that the impact of this program goes beyond 
participating teachers and their students, and that teachers 
take lessons learned back to their schools and districts to 
share with colleagues. In that way, they become informal 
teacher-leaders and the impact of the program is magni-
fied. Research on the program at the national level is ongo-
ing (e.g., Donaldson et al., 2014; White et al., 2013; White 
& Yow, in press), and other local Math Teachers’ Circles 
are beginning to disseminate their programs and outcomes 
as well (e.g., Geddings, White, & Yow, 2015). Preliminary 
data analysis shows that the program, both at the local and 
national level, does have this effect on some teachers.

The program has evolved over time, and a variety of sup-
plemental workshops have been developed to help further 
connect the mathematical learning with participant’s 
classroom teaching. After four years, the Rocky Mountain 
Math Teachers’ Circle program is still going strong, and 
we hope to report back in several years with more successes 
and lessons learned. ✪
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