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ABSTRACT: 
There is a growing consensus that mathematics teachers need

to significantly expand their content and pedagogical content

knowledge in order to make instructional improvements and

provide increased opportunities for student learning. Long-

term, sustainable professional development programs can

play an important role in this regard. Our research team has

spent the past several years developing a program called the

Problem-Solving Cycle (PSC). This professional development

model is grounded in a situative perspective on learning and

draws upon theoretical and empirical evidence regarding the

importance of professional learning communities and the

value of using artifacts of practice to situate teachers’ learn-

ing in their classroom experience. The model takes into

account the complexity of classroom teaching, the wide array

of knowledge teachers need to promote the mathematical

thinking of their students, and the long-term commitment

required to develop such knowledge. In this article, we pres-

ent the conceptual framework for the PSC, details of its

enactment, and initial findings regarding its impact on

teachers’ knowledge.

T
he Problem-Solving Cycle (PSC) model of mathe-

matics professional development is an iterative,

long-term approach to supporting teachers’ learn-

ing. One iteration of the PSC consists of three

interconnected workshops in which teachers share a com-

mon mathematical and pedagogical experience, organized

around a rich mathematical task. This common experi-

ence provides a structure within which the teachers can

build a supportive community that encourages reflection

on mathematical understandings, student thinking, and

instructional practices.

During the first workshop of the PSC, teachers collabora-

tively solve a rich mathematical task and develop plans for

teaching it to their own students. Workshops two and three

focus on teachers’ experiences implementing the task in

their classrooms (see Figure 1). The teachers consider more

about the mathematical concepts and skills entailed in the

task, their instructional strategies, and their students’

mathematical thinking. In all three workshops, there is an

emphasis on using artifacts of practice to situate teachers’

learning opportunities in the context of their work.

One iteration of the PSC roughly corresponds to an academ-

ic semester, so that teachers can participate in 2 iterations

(6 workshops) per school year. Each iteration focuses on a

unique mathematical task and highlights different aspects

of teachers’ instructional practices and students’ mathe-

matical thinking. Successive iterations of the PSC build on

one another and capitalize on teachers’ expanding knowl-

edge, interests, and sense of community. The PSC model is

designed to be implemented by a knowledgeable facilitator,

who carefully plans and conducts each workshop and 

continually monitors the participating teachers’ needs and

interests. The facilitator might be a teacher leader, mathe-

matics coach, department chair, professional development

specialist, or other teacher educator.

The PSC model is flexible with respect to the domain of

mathematics that is selected as well as the specific learning

goals and instructional strategies that are addressed. In our
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work, we have focused on algebra because of the growing

concern regarding students’ inadequate understanding and

preparation in this domain of K-12 mathematics (U.S.

Department of Education and National Center for

Educational Studies, 1998). Algebra operates as a “gate-

keeper” to higher mathematics and future educational and

employment opportunities (Ladson-Billings, 1998; NRC,

1998). Students’ difficulties in learning formal algebra are

well documented (Kieran, 1992; Nathan & Koedinger,

2000), and our schools’ approaches to algebra instruction

are lacking. For example, first-year algebra courses have

been characterized as “an unmitigated disaster for most

students” (NRC, 1998, p. 1).

The enhancement of teachers’ professional knowledge

about algebra and the teaching of algebra is considered to 

be a central component in the effort to support students’

algebraic reasoning (Blanton & Kaput, 2005; Lacampagne,

Blair, & Kaput, 1995; NCTM, 2000). The PSC model was

developed and implemented as part of the Supporting the

Transition from Arithmetic to Algebraic Reasoning

(STAAR) project1, which aimed to help teachers enhance

their professional knowledge for the teaching of algebra

and improve their instructional practices. We focused on

middle school because it is becoming more common for

school districts to require that algebra be taught during

the middle school years, yet many middle school teachers

have limited experience in teaching algebra. Furthermore,

their experiences as algebra students typically emphasized

learning procedures and manipulating symbols rather

than reasoning about algebraic ideas (Ball, Lubienski, &

Mewborn, 2001).
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FIGURE 1: The Problem-Solving Cycle model of professional development

Workshop 3:
Student Thinking

Videotaping 
the Lesson:
Teachers’ 

Implementation 
of Problem

Workshop 1:
Solve Problem and 

Develop 
Lesson Plans

Workshop 2:
The Teacher’s Role

Note: The arrow from Workshop 3 to Workshop 1 represents movement from one iteration of the PSC to the next.



CONCEPTUAL FRAMEWORK FOR THE
PROBLEM-SOLVING CYCLE
In this section, we present the conceptual and empirical

grounding for the goals and processes of the Problem-

Solving Cycle. We first explore the professional knowledge

that mathematics teachers need and then discuss critical

elements in designing professional development from a

situative perspective.

PSC Goals: Enhancing Teachers’ Professional
Knowledge 
Researchers and policymakers have come to agree that

objectives for teacher learning should include becoming

more proficient in the content they teach, gaining a better

understanding of student thinking and learning, and

improving their skills in content-based instructional prac-

tices (Secretary’s Summit on Mathematics, 2003). These

learning objectives provide the foundation for the PSC

model of mathematics professional development.

In his seminal work in this area, Shulman (1986) identi-

fied subject-matter content knowledge and pedagogical

content knowledge as two central domains of teachers’

knowledge. Both domains are unique to the profession of

teaching and can be enhanced over time as teachers gain

expertise in their fields and participate in programs

designed to foster such knowledge development (Wilson,

Shulman, & Richert, 1987). Ball and her colleagues have

extended Shulman’s work in the field of mathematics edu-

cation. Specifically, they have identified and elucidated

“knowledge of mathematics for teaching” —  the mathe-

matical knowledge that teachers must have in order to do

the mathematical work of teaching effectively (e.g., Ball &

Bass, 2000; Ball, Hill, & Bass, 2005; Ball, Thames, & Phelps,

2005; Hill & Ball, 2004). This conception of knowledge of

mathematics for teaching is multifaceted and incorporates

both content and pedagogical content knowledge.

Mathematics content knowledge. Ball and Bass (2000)

describe the mathematics content knowledge needed for

teaching as including “common” and “specialized” knowl-

edge of mathematics. Common content knowledge can be

defined as a basic understanding of mathematical skills,

procedures, and concepts acquired by any well-educated

adult. Specialized knowledge involves a deeper, more

nuanced understanding of mathematical skills, procedures,

and concepts. Specialized knowledge enables teachers to

evaluate the multiple, and novel, mathematical representa-

tions and solution strategies that students bring to the

classroom; to analyze (rather than just recognize) errors;

to give mathematical explanations; to use developmentally

appropriate mathematical representations; and to be explicit

about their mathematical language and practices (Ball &

Bass, 2003). It is what Ma (1999) characterizes as “profound

understanding of fundamental mathematics” (p. 120).

Pedagogical content knowledge. Mathematics teachers

need a sophisticated understanding of instructional prac-

tices and student thinking related to specific mathematical

content. Ball and her colleagues consider these two types

of understanding as distinct components of pedagogical

content knowledge: knowledge of content and teaching,

and knowledge of content and students (Ball, Thames, &

Phelps, 2005). Knowledge of content and teaching

includes, for example, the ability to recognize instructional

affordances and constraints of different representations,

and to sequence content to facilitate student learning.

Teachers draw upon this knowledge when they plan for

the use of pedagogical strategies and instructional materi-

als in a lesson, when they modify a task or introduce a new

representation during instruction, and when they consider

how to improve their instructional practices the next time

they implement a lesson with related mathematical con-

tent. Knowledge of content and students includes the abili-

ty to predict how students will approach specific mathe-

matical tasks, and to anticipate student errors. Teachers

draw upon this knowledge when they create lesson plans

that take into account the thinking that a task is likely to

evoke in their students, when they interpret incomplete

student ideas during a lesson, and when they consider how

to respond to the various correct or incorrect pathways

that students explore.

Although these domains of knowledge of mathematics for

teaching can be separated for purposes of analysis, they are

inextricably intertwined in teachers’ instructional prac-

tices. Teachers routinely make decisions that draw upon all

aspects of their knowledge as they engage in the numerous

and complex activities of classroom instruction — activi-

ties such as selecting, modifying, and using mathematical

tasks; selecting mathematical representations that are

appropriate for a specific learning goal and group of stu-

dents; understanding and building upon student concep-

tions; and establishing and maintaining a discourse com-

munity that enhances students’ mathematical understand-

ing and their capacity to reason mathematically.
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Whereas knowledge of mathematics for teaching includes

all strands of school mathematics, our research and profes-

sional development as part of the STAAR project focused

specifically on algebra; hence we use the term “knowledge

of algebra for teaching” (KAT)2. Drawing upon the frame-

work developed by Ball and colleagues, we conceptualize

enhancing knowledge of algebra for teaching as enhancing

both specialized content knowledge related to algebraic

reasoning and pedagogical content knowledge related to

algebra instruction.

Designing Professional Development from a
Situative Perspective: Community and
Artifacts as Tools for Teacher Learning
Situative perspectives on cognition and learning provide

the conceptual framework that guided the design of the

PSC. In the field of professional development, a situative

perspective supports the value of creating opportunities

for teachers to work together on improving their practice,

and of locating these learning opportunities in the every-

day practice of teaching (Ball & Cohen, 1999; Putnam &

Borko, 1997; Wilson & Berne, 1999).

Professional learning communities. Situative theorists

draw our attention to the social nature of learning and the

central role that communities of practice can play in

enhancing teachers’ professional knowledge and improv-

ing their practice (Greeno, 2003; Lave & Wenger, 1991;

Little, 2002; Putnam & Borko, 2000). To create an environ-

ment in which teachers collectively explore ways of

improving their teaching and support one another as they

work to transform their practice, successful professional

development programs must establish trust, develop com-

munication norms that enable challenging yet supportive

discussions about teaching and learning, and maintain a

balance between respecting individual community mem-

bers and critically analyzing issues in their teaching

(Frykholm, 1998; Seago, 2004). Research also indicates that

the development of teacher communities is difficult and

time-consuming work. Although conversations in profes-

sional development settings are easily fostered, discussions

that support critical examination of teaching are relatively

rare (Grossman, Wineburg, & Woolworth, 2001; Stein,

Smith, & Silver, 1999).

Artifacts of practice. Another central tenet of situative

perspectives is that the contexts and activities in which

people learn become a fundamental part of what they

learn (Greeno, Collins, & Resnick, 1996). This tenet sug-

gests that teachers’ own classrooms are powerful contexts

for their learning (Ball & Cohen, 1999; Putnam & Borko,

2000). It does not imply, however, that professional devel-

opment activities should occur only in K-12 classrooms.

An alternative is to use artifacts of classroom practice—

such as instructional plans and assignments, videotapes of

lessons, and student work produced during a lesson—to

bring teachers’ classrooms into the professional develop-

ment setting (Kazemi & Franke, 2004; Little, Gearhart,

Curry, & Kafka, 2003; Nikula, Goldsmith, Blasi, & Seago,

2006; Sherin & Han, 2004). Such records of practice make

the work of teaching a central focus of professional learn-

ing experiences and anchor conversations in specific class-

room events.

Video records of classroom practice are becoming increas-

ingly popular as a tool for teacher professional develop-

ment. Short video clips can be selected to address particu-

lar professional development goals. They can be viewed

repeatedly and from different perspectives, enabling teach-

ers to closely examine one another’s instructional strate-

gies and student learning, and to discuss ideas for

improvement. Although any video of classroom instruc-

tion can situate professional development in a setting that

is likely to prove meaningful for teachers, there are con-

ceptual and empirical arguments for using video from

participants’ own classrooms. Video from teachers’ own

classrooms situates their exploration of teaching and

learning in a more familiar, and potentially more motivat-

ing, environment than does video from unknown teachers’

classrooms (LeFevre, 2004). In one comparative study,

teachers who watched video from their own classroom, in

a computer-based professional development environment,

found the experience to be more stimulating than did

teachers who watched video from someone else’s class-

room, and they believed that the professional development

program had greater potential for promoting instructional

change (Seidel et al., 2005). The “video club” mathematics

professional development program by Sherin and col-

leagues (Sherin, in press; Sherin & Han, 2004; Sherin &

van Es, 2002) and the Video Case Studies in Scientific

Sense Making Project by Rosebery and colleagues
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(Rosebery & Puttick, 1998; Rosebery & Warren, 1998)

informed our thinking about how to create an effective

professional development program that incorporates video

from participating teachers’ own classrooms.

Establishing community around video. . Establishing and

maintaining a strong community is particularly important

when teachers are asked not only to discuss teaching and

learning but also to share video clips from their own class-

rooms with colleagues. Because classroom video clearly

exposes actual teaching practices, sharing video is likely to

seem more threatening to teachers than sharing other arti-

facts such as student work and lesson plans. To be willing

to take such a risk, teachers must feel confident that show-

ing their videos will provide valuable learning opportuni-

ties for themselves and their colleagues, and that the

atmosphere in the professional development setting will be

one of productive discourse.

In an appropriate professional development setting, ana-

lyzing video from teachers’ own classrooms can help to

foster a tightly knit and supportive learning community.

As teachers share video records of their teaching with col-

leagues, they have the opportunity to create an atmosphere

of openness and bonding that is rare in professional learn-

ing environments (Sherin, 2004). Creating and maintain-

ing a productive learning community around video is an

integral component of our professional development

model (Borko, Jacobs, Eiteljorg, & Pittman, in press).3

THE PROBLEM-SOLVING CYCLE
In this section, we describe the three workshops that make

up one iteration of the PSC, discuss decisions central to

planning each workshop, and identify some of the varia-

tions enacted by the STAAR team. In another paper, we

provide vignette descriptions of each workshop from one

iteration of the PSC, illustrating the opportunities teachers

had for learning about mathematics content, pedagogy

and student thinking (Koellner et al., in press). In addition,

our website (http://www.colorado.edu/education/staar/)

includes a Facilitator’s Guide to Planning and Conducting

the Problem-Solving Cycle. The guide is intended to help

professional development facilitators learn about the

Problem-Solving Cycle and prepare to implement it.

WORKSHOP 1: Doing for Planning
The major objective of Workshop 1 is to support the

development of teachers’ mathematics content knowledge.

Most of the workshop time is devoted to teachers collabo-

ratively working on the selected mathematical task and

debriefing their solution strategies. Additionally, teachers

spend a significant portion of Workshop 1 developing

unique lesson plans that will meet the needs of their stu-

dents. Specifically, they identify learning goals, predict stu-

dent solution strategies, and structure their lessons with

specific pedagogical moves. Teachers then implement their

lessons prior to Workshop 2. Thus, another aim of the

workshop is to enhance teachers’ pedagogical content

knowledge through discussions about designing a lesson

plan and considering different ways of teaching the select-

ed task. We call the framework for this workshop “Doing

for Planning” to highlight the dual focus on teachers’

problem solving and instructional planning.

Selecting the task. As described above, the PSC is built

around a rich mathematical task. Teachers work through

the task, design a lesson incorporating the task, teach that

lesson to their students, and discuss their classroom expe-

riences in two subsequent workshops. For the PSC to be

successful, facilitators must select a task that can foster a

productive learning environment for the teachers over the

course of three workshops. In our development and

implementation of the PSC model, we have found that

appropriate tasks meet the following criteria: (1) address

multiple mathematical concepts and skills, (2) are accessi-

ble to learners with different levels of mathematical

knowledge, (3) have multiple entry and exit points, (4)

have an imaginable context, (5) provide a foundation for

productive mathematical communication, and (6) are

both challenging for teachers and appropriate for students.

Given our focus on algebraic reasoning, for each iteration

of the PSC conducted by the STAAR team, the facilitators

sought problems that contained mathematical ideas cen-

tral to the middle school algebra curriculum. Facilitators

selected problems that focused specifically on the algebraic

concepts of patterns and functions; enabled teachers and

students to utilize different representations of functions

such as graphs, tables, and equations; and had connections 
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to other areas of the mathematics curriculum such as

number and operations, and geometry.

Conducting the workshop. The “Doing for Planning”

framework guides the structure of Workshop 1. Teachers

first read the selected problem and share ideas about the

mathematical concepts and skills that are likely to be

embedded in the solution strategies. They then work on

the problem in small groups. During this time, the facilita-

tor encourages the teachers to think about how they would

create a lesson for their students incorporating the problem.

At various points in the workshop, the teachers come

together as a whole group to share their solution strategies

and their ideas for using the problem in their teaching. As

teachers create lesson plans tailored to their own students,

they talk with colleagues and the facilitator about such issues

as their mathematical goals for students, prior knowledge

students will need for the lesson, and how they will adapt

tasks to make them more accessible for their students. By

the end of the workshop, teachers have explored the mathe-

matical opportunities presented by the task, considered

how their students might attempt to solve it, and devel-

oped a lesson plan for using the task in their classrooms..

Implementing and Videotaping the Lesson
Between Workshops 1 and 2, each participant teaches the

problem in one of his or her mathematics classes, and the

lesson is videotaped. In the STAAR program, we used two

cameras to film each lesson. One camera followed the

teacher throughout the lesson, and a second camera 

captured one group of students as they worked during

small group activities. One of the most important compo-

nents in Workshops 2 and 3 is the analysis of teachers’

pedagogical moves and students’ mathematical reasoning

using video clips of the PSC lessons. Therefore, after the

videotaping occurs, the facilitator selects short clips to

serve as anchors for discussions about teaching and learn-

ing during Workshops 2 and 3.

WORKSHOP 2: Considering the Teacher’s Role 
The central purpose of the second workshop is to foster

teachers’ pedagogical content knowledge by guiding them

to think deeply about the role they played in teaching the

selected problem to their students. The majority of time in

Workshop 2 is spent watching and discussing short video

clips from one or more of the teachers’ lessons, and

exploring aspects of the teacher’s role such as how they

introduced the problem or orchestrated the classroom dis-

course. The workshop provides teachers the opportunity

to critically reflect on their own instructional practices,

along with those of their colleagues, as they analyze video

clips and participate in guided discussions. The rich task

and accompanying video situate the workshop in particu-

lar mathematical content and classroom practices, and this

interaction between content and pedagogy is highlighted

throughout the workshop 

Planning the workshop. In planning for Workshop 2, the

facilitator identifies one or more aspects of the teacher’s

role to explore. This decision depends on the particular

needs and interests of the group of teachers as well as

overall goals of the professional development program.

Another key set of decisions for the facilitator involves

selecting video clips to show and developing guiding ques-

tions for discussions during the workshop. We have found

that video clips that work well in the PSC model have the

following characteristics: (1) are relevant to the teachers,

(2) are valuable, challenging, and accessible to the teach-

ers, (3) cover a relatively short time period, and (4) pro-

vide an anchor for considering new instructional strate-

gies. In addition, we have learned that it is important to

prepare questions to help frame teachers’ viewing of and

conversations about each video clip.

During our three iterations of the PSC, the STAAR facilita-

tors focused on topics related to the teacher’s role such as

introducing the task; posing questions to elicit, challenge,

and extend students’ thinking; deciding when to provide

explanations, ask leading questions, and let students follow

their own line of reasoning; and wrapping up the lesson.

Conducting the workshop. Workshop 2 typically begins

with teachers reflecting on and sharing their experiences

teaching the problem. Subsequent activities are designed

around the selected pedagogical topic and associated video

clips. Teachers view the clips in both small group and

whole group contexts, and the facilitator guides conversa-

tions about the instructional episodes they capture. Often,

a video clip is viewed multiple times, as the conversation

suggests another perspective to take or another interpreta-

tion to explore. Teachers are also given time to reflect criti-

cally and to consider ways of improving their instruction

that they can take back to their classrooms.

WORKSHOP 3: Considering Student Thinking 
The central objectives of Workshop 3 are to deepen 

teachers’ understanding of students’ thinking about the

mathematics in the selected PSC task, and to extend their
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ideas about how to foster and support students’ mathe-

matical reasoning. To situate teachers’ explorations in their

classroom practice this workshop relies heavily on clips

from the videotaped lessons as well as additional artifacts

that represent student thinking, such as students’ written

work and reflections. Throughout the workshop, teachers

have opportunities to gain further insight into the com-

plexities of both the mathematical concepts entailed in the

problem and students’ learning of those concepts.

Planning the workshop. A major task in planning

Workshop 3 is selecting artifacts of practice that will pro-

vide opportunities for teachers to explore the various

forms of mathematical reasoning their students applied to

the problem and the different solution strategies they

used. To select video clips, the facilitator considers the

same characteristics as in planning for Workshop 2; how-

ever, rather than choosing clips to provide an anchor for

examining instructional strategies, the facilitator selects

clips to provide an anchor for considering student think-

ing. In a similar manner, facilitators select “rich” examples

of student work such as individual student work on the

task, posters created by groups of students, and written

reflections. As in Workshop 2, the facilitator prepares guid-

ing questions to help frame teachers’ conversations about

each video clip and example of student work, encouraging

them to focus on the mathematical concepts and reason-

ing evident (or lacking) in the artifact.

The STAAR facilitators often chose video clips and student

work that featured novel ways of solving the mathematical

problem—in particular, solution strategies that none of

the teachers noted during Workshop 1. We also addressed

topics such as how students explained their solution

strategies, and misconceptions or naïve conceptions.

Conducting the workshop. . In Workshop 3, teachers

spend the majority of the time watching and discussing

video clips and students’ written work. Close analysis of

the mathematical content in the clips and other artifacts

often leads the teachers to rework the problem, and to

engage in mathematically sophisticated conversations. For

example, they may be prompted to discuss the affordances

and constraints of various solution methods, the progres-

sion from naïve to more formal understandings of the

content, and mathematical ideas embedded in the problem

that they had not previously considered. Workshop 3 also

includes time for teachers to reflect on what they have

learned, in this workshop and over the course of one itera-

tion of the PSC. As they reflect, individually (in writing)

and collaboratively (in small or whole group discussions),

the teachers not only consider how they might improve

their instructional practices based on knowledge gained

thus far but also provide valuable input that the facilitator

can use to shape successive iterations of the PSC.

RESEARCH METHODS
The STAAR professional development program began in

2003 and continued through spring 2005. During that

time, we worked with a group of middle school mathe-

matics teachers to develop and refine the PSC model. In

fall 2003, we conducted three professional development

workshops that focused on pedagogical practices associat-

ed with algebra. A central goal of these workshops was to

develop norms for viewing and analyzing classroom video

before conducting the first iteration of the PSC. We con-

ducted the first PSC in spring 2004 and two more itera-

tions during the 2004–2005 academic year. The three itera-

tions used different mathematics problems and focused on

different aspects of the teacher’s role and students’ mathe-

matical reasoning. During the three iterations of the PSC,

we utilized a design experiment approach (Cobb et al.,

2003; Design-Based Research Collective, 2003) to study

and refine the model 

Participants
Eight teachers participated in the STAAR professional

development workshops during the 2003–2004 academic

year. All eight were middle school mathematics teachers,

with classroom experience ranging from 1 to 27 years.

They represented six different schools in three school dis-

tricts within the state. In 2004–2005, seven teachers con-

tinued working with us and three additional teachers

joined the project, as we further refined the PSC. Each new

teacher was a colleague of one of the current participants.

Data Collection and Analysis
Throughout the professional development program we

collected and analyzed a large amount of data on processes

involved in developing and enacting the PSC model (see

also Borko et al., in press and Koellner et al., in press). We

also collected data on the teachers’ experiences and learning

outcomes over the course of the two years that they partic-

ipated in the STAAR program. At the end of the second year

we conducted both a written survey and individual face-to-

face interviews asking the teachers to consider the impact

of the professional development program on their learning

of algebra, beliefs about learning and teaching algebra, and
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instructional practices. In addition, we conducted a follow-

up interview with each teacher during the school year 

following the conclusion of the professional development

workshops, in order to assess their perception of the con-

tinuing impact of the professional development program.

To examine teachers’ perceptions of the impact of the 

program, two coders analyzed three sets of self-report

data: the written surveys completed during the final PD

workshop, the post-program interviews conducted shortly

after the final PD workshop, and the follow-up interviews

conducted the next academic year. All of the interviews

were transcribed. The coders independently marked all

instances where the teachers wrote about or discussed the

following categories:

• Impact on content knowledge,

• Impact on pedagogical content knowledge related to the

teacher’s role,

• Impact on pedagogical content knowledge related to 

student thinking, and

• Impact of watching video (including video of themselves

and of their colleagues).

The coders then met to discuss and reconcile their coding

decisions. In our analyses we report on the number of

teachers who brought up these categories in at least one of

the three data sources.

IMPACT OF THE STAAR PROFESSIONAL
DEVELOPMENT PROGRAM 
In this section we present initial results regarding the impact

of the STAAR professional development program on the

participating teachers’ professional knowledge from their

perspectives. In particular, we illustrate the perceived impact

of the program on teachers’ mathematics content knowledge

and pedagogical content knowledge — specifically the

teacher’s role in promoting discourse and student thinking.

We also explore the teachers’ perspectives regarding a central

component of the PSC model: watching video of themselves

and their colleagues.

Impact on Content Knowledge
Analyses of the three self-report data sources suggest that

the teachers believed their content knowledge was fostered

through participation in the professional development

program. Specifically, we examined three categories of

coded data related to content knowledge: a) learning

mathematics content (generally), b) learning by working

on the mathematics tasks that were part of the PD, and c)

learning from using multiple approaches to solve the

mathematics tasks. Looking across the three data sources

for the eleven teachers4 who participated in the program,

six teachers mentioned learning mathematics content, all

eleven mentioned learning by working on the mathematics

tasks, and ten mentioned learning from using multiple

approaches (see Table 1).

Impact on Pedagogical Content Knowledge
We considered the impact of the professional development

program on two aspects of teachers’ pedagogical content

knowledge that are emphasized heavily in the PSC model:

the teacher’s role and student thinking.

Knowledge about the teacher’s role in promoting
discourse.
Based on the participants’ stated interests and instruction-

al goals, the STAAR project focused on the teacher’s role in

improving classroom discourse. Therefore, in our analyses,

we coded the three sources of self-report data for teachers’

perceptions of the impact of the PD on their role in pro-

moting discourse. All eleven teachers reported that the

program helped to increase their knowledge about pro-

moting classroom discourse, including learning about the

importance of meaningful discussions and techniques for

fostering discussions (see Table 2). Most of the teachers

talked about the program as having an impact on specific

aspects of their knowledge about classroom discourse. For

example, ten teachers noted that they learned something

about conducting groupwork, such as how important it is

to provide time for groupwork or how to group their stu-

dents more effectively. Nine teachers said that they learned

how to foster better conversations in their mathematics

classrooms, either within small groups or during whole

class discussions. Eight teachers mentioned that they

learned something about asking questions, including what

types of questions are most effective and strategies for ask-

ing questions to elicit student thinking.
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Knowledge about student thinking.
Teachers’ comments on all three self-report data sources

suggest that participation in the PSC strongly impacted

their knowledge related to student thinking. All eleven

teachers commented that they gained a general awareness

of students’ mathematical thinking, including learning

about how to listen to and promote their students’ think-

ing (see Table 3). In addition, all of the teachers said that

they learned about the importance of giving students

more authority, for example by making their classrooms

more student-centered or by decreasing their own role as

the mathematical authority. Eight teachers said they

became more knowledgeable about how to use or build on

their students’ mathematical thinking. Seven teachers

reported learning about how to use mathematical tasks to

promote student thinking, such as using rich problems

that emphasize exploring processes rather than generating

answers, or using fewer problems and exploring them for a

longer period of time.

Impact of Watching Video
Because watching video is such a prominent feature of the

PSC — and new to most teachers — we wanted to exam-

ine participants’ perspectives on the value of this compo-

nent of the professional development program. We coded

and analyzed the teachers’ self-report data to explore how

they felt about watching video from their own lessons and

from their colleagues’ lessons.

Watching video of themselves. Ten teachers told us that

being videotaped, although sometimes nerve-racking, was

one of the most valuable aspects of the professional devel-

opment. Many of these teachers pointed out that watching

their own lessons on videotape enabled them to see what

they were doing well and to identify areas for improve-

ment. A number of teachers commented that by watching

video they gained insight into what their students were

thinking and what assistance they needed..

I was filled with anxiety when I thought someone was

going to come in and videotape everything I was doing

during classes with kids. But it turned out to be a power-

ful learning experience for me. (Pam, post interview)

Watching the video clips was great to see me in action

and actually get to see what the students see. It allowed

me to see the parts of my lessons that need improvement

and what is good. (Laura, written reflection) 

I think the most helpful [thing] was the videotaping, to

watch myself on videotape, sometimes painfully so.

Wanting to say, “Shut up, shut up. Why do you keep

going on with that?” But it’s so helpful to see how you

come across to kids and how they are or are not respond-

ing … and to think about what I might have changed in

that lesson … or how I could have connected with kids

better. (Celia, final interview)

Watching video of other teachers. . Eight teachers men-

tioned that they learned something by watching videos of

their colleagues, such as new pedagogical strategies or how

other students solve mathematical problems. Several teachers

mentioned that it was informative as well as reassuring to

watch their colleagues struggle with familiar issues.

We never get to see our colleagues doing what we’re

doing. We just assume they’re doing the same things that

we are, and that’s not necessarily so. It’s a great window

into how other kids look and it’s comforting when you see

things that are the same. (Penny, final interview)

When I watched other teachers’ videos, it wasn’t critiquing,

it was seeing what they do in their classroom and realizing

[that] a lot of what’s going on in their classroom is what’s

happening in mine. Or … this person really does a great

job at opening a lesson. Maybe I could try something

they’re doing. (Linda, final interview)

CONCLUSION
As this sample of findings from research on the STAAR

professional development program illustrates, the

Problem-Solving Cycle appears to be a promising model

for enhancing teachers’ content knowledge and pedagogi-

cal content knowledge. Our data suggest that as teachers

engage in the PSC, they are prompted to think deeply

about mathematics content and instruction as part of a

collaborative and supportive learning community. In par-

ticular, teachers who participated in the STAAR program

report a strong impact on specific areas of their profes-

sional knowledge that were targeted during the three itera-

tions of the PSC: mathematics content (including the

importance of working on tasks and generating multiple

solution strategies), methods for improving classroom dis-

course (including how to conduct groupwork, foster con-

versations about mathematics and mathematical thinking,

and ask effective questions), and ways of fostering and

exploring student thinking (including giving students 
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authority, building on students’ thinking, and using tasks

that promote student thinking).

The PSC model provides a structure for the participating

teachers to work together as professionals, to establish trust

and develop communication skills that enable constructive

yet respectful discussions about teaching and learning, and

to share and expand their knowledge base. Drawing on a

situative framework, the model emphasizes the use of

classroom artifacts within a supportive professional com-

munity. Any professional development effort that fore-

grounds the analysis of video from teachers own class-

rooms is entering into relatively uncharted, and murky,

territory. However, our experience suggests that when the

necessary structure is in place, the impact on teachers can

be extremely powerful and fundamentally positive.

We are particularly encouraged by the fact that teachers at

four of the six schools represented in the STAAR project

are spearheading new professional development efforts

within their schools that contain some or all of the PSC

elements. Teachers at several schools have decided to observe

and videotape one another and then meet to discuss these

videotapes. At one school, the mathematics instructors

plan to all work on and then teach a selected problem, and

get together to share their experiences. When asked about

their reasons for initiating these professional development

activities, the teachers explained that they felt empowered

by their experiences in the STAAR program and wanted 

to share what they had learned with their colleagues. The 

following remarks, from three of the teachers’ final written

reflections, are illustrative of these ideas:

I proposed this sort of “community” to my principal and

next year we will meet once a week as grade-level math

departments. The problem is that teachers have a men-

tality of “shut the door and let me teach.” I hope my

school’s math people can get the same sense of communi-

ty as we have here. (Peter, written reflection)

I have learned to become a leader in my professional

community. I have been able to share my classroom with

other teachers so they can take ideas about teaching and

learning from me. (Nancy, written reflection)

I want to get my entire department involved with this

process. As we put students in groups to work together, we

as teachers need to do the same. We need to be doing

math together. (Laura, written reflection)

Although our implementation of the PSC has been

restricted to middle school teachers and focused on algebra

content, the model is intentionally designed to be flexibly

implemented and responsive to the needs of facilitators,

teachers, and school district personnel. We anticipate that it

can be adapted for use with teachers at elementary and high

school levels and with different strands of the school math-

ematics curriculum. While our research and development

work on the PSC model will continue, we encourage others

in the mathematics education community to adapt, extend,

and refine this approach and further explore its effectiveness.
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TABLE 1. Perceived impact of the professional development program on teachers’ content knowledge

Number of 
Teachers Representative Quotes

Learning mathematics 6 One of the things I was really weak at was trying to develop equations from 
content (generally) patterns. I just could not do that for the life of me before [the STAAR 

program]…. I actually forced myself to use those strategies… and it’s really
beginning to open my eyes. (Nancy, final interview)  

I used to think in algorithm mode. Now I try to see or picture patterns.
(Deborah, written reflection)

Learning from tasks 11 [I learned] just how much insight you can get from working problems with other
adults… When you do it on your own, you’ve got a much narrower view on it to
start with. Whereas if you solve it with other adults before teaching, it broadens
your view. And then the kids broaden it even more. (Kristen, final interview)

Before the STAAR workshops, I have to admit honestly that I did not try every
single new rich problem, or non-rich problem, myself all the time.  I’d look at
the parameters of the problem, but not necessarily sit down and work them.
You know what the STAAR project taught me?  Feel their pain. Look at the prob-
lem, and work it either yourself or with someone else. (Pam, post interview)

Learning from 10 I have learned that there’s more ways than I could have imagined to solve 
multiple approaches problems. Without this program I would not have realized all the ways to 

solve a problem and the importance of looking at student work and thinking.
(Linda, written reflection)

This group has enhanced my algebraic knowledge by listening to others’ ideas
to the same problem. Learning that multiple solutions do exist and [that it’s
important] to study them purposefully with kids. (Penny, written reflection)
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TABLE 2. Perceived impact of the professional development program on teachers’ knowledge 

about their role in promoting discourse

Number of 
Teachers Representative Quotes

Teacher’s role in 11 I no longer think that math class is about me. It’s about them and their 
discourse (general) learning. And it’s about my facilitating… I can say, ‘OK. Let’s look at this and

talk about it.’ (Celia, final interview)

I think learning to struggle is as important as anything else in math. [STAAR]
helped me to know that because you put me through it! Now when kids say to
me in class, ‘Well I can’t do it. Give me a hint,’ I say, ‘Maybe you better go
talk to your group.’ I step back and I step back for a good long time until we
bring the large group back together again. (Pam, final interview)

Conducting groupwork 10 Working with other teachers on the math problems was really beneficial. And
that led me to understand why it’s so important for students to work in groups
in the classroom. (Linda, final interview)

I used to just kind of let the kids pair up and I didn’t have much thinking
behind it. Now I structure it and have a purpose between who’s with whom.
(Peter, post interview)

Fostering conversations 9 I realized the importance of talking about our thinking, and giving kids the
opportunity to share their ideas. (Ken, written reflection)

I now try to say to them, ‘Please share that with the rest of your group….
Explain that to everyone.’…. I want them to pursue that and ask those 
questions of each other. (Celia, final interview)

Asking questions 8 I feel like I went from a lot of lecture … a very broad kind of questioning [style]
to asking deeper level — or higher level — thinking questions, provoking 
more of their thinking, rather than just “Is this right?” kinds of questions.
(Ken, final interview)

I try to get them to explain more about what they did. And so my questions
ask for more than the answer. ‘How did you get there?’ ‘Why did you do it 
that way?’ ‘Does anyone else want to tell us how they did it?’ Those kinds of
things. I think it’s all about digging in deeper. (Kimber, post interview)
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TABLE 3. Perceived impact of the professional development program on 

teachers’ knowledge about student thinking

Number of 
Teachers Representative Quotes

Awareness of student 11 I thought so much about looking at kids’ work and trying to figure out what 
thinking (general) they were thinking with the STAAR program. (Kimber, post interview)

Watching other teachers allow their students to think and discover and 
digest a problem makes me realize that is a change I must make. 
(Kristen, written reflection)

Giving students 11 I learned how to not just tell students how to do things, but have them 
authority participate… and share their information. Instead of me just standing up 

there and blabbing the hour and a half. (Linda, final interview) 

I don’t want to keep pushing them to get my answer and to follow my path. 
I want them to find their own path. (Kristen, final interview)

Building on 8 Previously, I wouldn’t allow my students to continue their thought process. 
student thinking I would stop them and have them go my way. Versus now, when I’m not quite

understanding what they’re doing, I will continue to ask questions. 
(Laura, post interview)

Before STAAR I would have said immediately, ‘Oh yeah, that’s right. Move on.’
Now we explore it deeper than that. And they know, too, that I’m going to say
to them, ‘How can you prove it?’ (Celia, post interview)

Using tasks to 7 Student thinking takes time. [This knowledge has] helped me determine  
promote student what part of the curriculum is more important, so I can do away with ‘less 
thinking important’ problems. (Nancy, written reflection)

STAAR showed me that there are problems out there that have so many things
to offer kids. So many things that they can talk about and experience and try
to strategize. (Pam, final interview) 
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