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Teacher Collaboration:
Focusing on Problems of Practice

David C. Webb

Thomas A. Romberg
Michael ]. Ford

Jack Burrill

University of Wisconsin-Madison

In 1997, a group of middle school teachers in the Prairie Creek Middle
School contacted researchers from the National Center for the Improve-
ment of Student Learning and Achievement in Mathematics and Science
(NCISLA) and expressed an interest in improving their mathematics
and science program. This chapter focuses on the resulting successful
collaboration.
In September 1997, we held an initial meeting with the interested math-
ematics and science teachers. After negotiations with administration, teach-
‘er's and researchers collaborated on plans for the spring semester. In spring
1998, we began to work directly with four teachers (three at Grade 6 and
‘one at Grade 8), with each teacher implementing at least one new unit from
the algebra strand of one of the NSF-funded mathematics curriculum pro-
jects, Mathematics in Context (MiC; National Center for Research in Mathe-
matical Sciences Education & Freudenthal Institute, 1996-1998). That
summer three additional teachers (two more from Grade 6 and one from
Grade 7) joined the project, and we held a 2-day summer institute in prepa-
ration for the school year. Some of the teachers also chose to meet with us at
other times to develop new units of instruction for their classrooms.
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During the 1998-1999 school year, teachers again implemented at least
one new unit, either MiC or Boxer-based units. (Boxer is a flexible software
system that supports student exploration of mathematics or science.) We in-
tended to focus on ideas of modeling and student thinking, but in order to
address issues relevant to teachers’ concerns, we focused interchangeably
on teachers’ pedagogical concerns and instructionai development of math-
ematical content. During the 1999-2000 school year, five Grade 7 teachers
(persuaded by the sole Grade 7 teacher from the previous year) joined the
project, and meetings focused on the teaching of MiC algebra units and the
development of Boxer-based motion units. Problem-solving assessments
were administered to all participating students in September, January, and
May in the second and third year of the collaborative.

During this 3-year period, the pre-algebra curriculum in Grades 6 and 7
changed from a tracked program with a fragmented collection of activities
to a more coherent and comprehensive mathematics program for all stu-
dents. Teachers drew on the instructional expertise of colleagues and the
research perspectives of the university team to explore ways to “uplevel the
mathematics standards” in the middle grades. As teachers discovered new
instructional merhods that worked with their students, they shared these
experiences with their peers, and, in many cases, instructional adaptations
spread through conversations, both formal and informal, focused on stu-
dents’ mathematical thinking. As technrcal knowledge and discoveries were
shared, the instructional quality of participating teachers was influenced in
powerful ways.

In the sections that follow, we discuss the background of this successtul
project, examine issues in teacher practice, and close by talking briefly
about the resulting impact on student achievement.

BACKGROUND TO THE COLLABORATIVE: DISTRICT
LEADERSHIP AND EMERGENCE OF TEACHER COMMUNITY

District Leadership

District administrators were anxious to implement the district’s instruc-
tional standards, which teachers had crafted in 1997, but the middle-grades
mathematics teachers had major concerns: Sixth-grade teachers wanted
help building on the background of the many students who had used inno-
vative curricula i elementary grades, and all the teachers wanted to be able
to provide both quality experiences for “all students” (which meant the
school’s tracking of smadents for mathematics needed to be reconsidered)
and appropriate pre-algebra experiences in Grades 6 and 7 in preparation
for algebra in Grade 8.
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The collaborative was initiated with the full support of the district admin-
istration (including the district Director of Instruction and the Learning
Resource Coordinator) and the middle school principal. Administrators
saw the district in the process of changing their mathematics program from
a traditional arithmetic program with ability grouping, toward an inte-

‘grated program with heterogeneous grouping. They believed in a long-

term collaborative approach to change, expected teachers to work toward
agreed-on goals over time, and trusted teachers to make informed, reason-
able decisions about ways to proceed. The Learning Resource Coordinator
directly assisted the teachers and kept them informed about activities and
decisions. Administrators also believed that the collaborative would help
teachers broaden their scope about mathematics and mathematics instruc-
tion, and that, as a consequence, teacher-leaders would emerge. These new
leaders working with their colleagues would, in turn, contribute to a change
in the culture of what it meant to be a professional teacher in the Prairie
Creek schools.

The innovative activities of teachers in the collaborative were also sup-

_ported by district administration through their hiring practices and com-

munication of goals to teachers not in the collaborative. Several teachers

remarked (verbatim}), “This district hires teachers that are overachievers

and expects teachers to figure’ out the rest.” This shared perception led to a

.shared expectation thar teachers would continue to experiment with, iden-

tifv, and work to achieve best practices in their classrooms.

This district-based supportive approach to change in mathematics in-
struction needs to be seen in terms of issues that were facing the school dis-
trict. First, the district population had recently changed from a stable
mixed rural and bedroom community to a rapidly growing suburban com-
munity with considerable sociat diversity. {This population growth resulted
in the building of a new middle school, which opened afier this collabora-
tive project ended.) The need for teacher-leaders was seen as important to
the development of coherence. Second, needed bond proposals were typi-
cally passed only after repeated rejections, and in this case, a small but vocal
group of parents was not pleased with the changing demographics and the
needed resources. In response, some members of the community created a
charter elementary school using a back-to-basics curriculum. Third, this
district ranked among the best in the state and the top in the region in
mathematics on the Grade 8 state assessment. They saw maintaining that
high rank in the state as the challenge and noted the need to implement in-
structional standards aligned with the state and national standards. Fourth,
the district mathematics committee established a goal to provide all stu-
dents with ideas and skills central to algebra by the time they finished the

_eighth grade. In the final year of the project, this “algebra for all” initiative

was later modified due tc the adoption of a 3-vear, integrated approach to
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mathematics for Grades 8-10, intended to previde the equivalent of the tra-
diional algebra, geometry, and advanced algebra courses by the end of
Grade 10. This integrated math program was to be implemented starting
with Grade 8 in fall 2000. Our work with teachers on pre-algebra instruction
proved to be a critical step in facilitating high school curriculum decisions.
Finally, although the district was focused on the mathematics program, the
science program was undergoing a similar shift.

The district administrators, although perhaps unfamiliar with all the de-
tails of the collaborative project, saw that “the culture [of the math depart-
ment] has changed,” as a district administrator commented in an interview
(April 18, 2000). Teachers took responsibility for developing a coherent
mathematics program collaboratively, and they recognized the strong con-
nections of the work at Grades 6 and 7 with the work both at the elementary
grades and with the new integrated math program at Grades 8, 9, and 10.

We also note that the programs in both mathematics and science prior to
this project could best be described as “fragmented.” There were, for exam-
ple, different learning goals in place for different students (approximately
25% of the students were taught algebra in Grade 8). The instructional pro-
grams of each teacher varied in content covered, text materials used, meth-
odologies for determining achievement, and so forth.

Growth of Professional Community

The coherent community of teachers we saw developing was built by the
teachers themselves from the bottom up. With no appointed leader taking
steps to direct the activities of individual teachers, the community emerged
as a result of teachers’ efforts to reform classroom instruction. Primary
among their reform efforts was the articulation of elements of effective in-
struction, which occurred as teachers were introduced to the MiC and
Boxer materials and again when they later used the materials with students.
These instructional materials directed the activities of both students and
teachers in ways that emphasized collaboration and discussion rather than
rote memorization of facts and individual deskwork. Teachers found that in
order to manage and direct discussions, they had to focus on student think-
ing while keeping the instructional end points in mind, a task they admit-
tedly found particularly challenging.

The collaborative managed monthly meetings of researchers and teach-
ers that explicitly addressed salient elements of instruction. As teachers
shared experiences and began to articulate issues that arose in their class-
rooms, they were provided a vocabulary with which to discuss classroom
practice. Several teachers remarked that the articulation of these elements
legitimized and “professionalized” the intuitive ideas that had guided their
practice prior to their participation in the collaborative.
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Teachers also began meeting informally in smaller groups to discuss
their experiences teaching specific units, They found that this informal col-
laboration provided an important source of support in that teachers could
provide each other useful feedback about specific issues and content. Also,
because many teachers felt the switch to a new form of instruction “risky,”
their collaboration and “sharing” served to reassure them that their deci-
sions were good ones,

This practice-centered informal communication also supported author-
ity and leadership at the department level. As noted earlier, the middle
school mathematics program was the focus of school reform throughout the
collaborative. A goal of this reform was to provide students with ideas and
skills central to algebra by the time they finished the eighth grade. Teachers
who had rarely expressed opinions in such a forum began taking more ac-
tive roles in the decision-making process. One teacher in particular orga-
nized all other teachers in one grade to teach at least partly from MiC units
because she believed so strongly that the structure and content of the curric-
ulum met their needs. We believe that the emergence of formal and infor-
mal leadership stemmed from teachers’ developing sophistication about
effective mathematics instruction.

Classroom chservation reports and teacher interviews suggest that
growth in teacher practice occurred within the context of partnerships, in
which teachers voluntarily worked with another teacher or a researcher to
explore a pre-identified area of study (e.g., algebraic representations, the
study of motion, classroom assessment). Through these partnerships,
teachers grew more innovative and overcame significant obstacles in
achieving desired classroom practices. These partnerships provided a safe
context for experimentation, focused attention to classroom practice, peer
and researcher observation, and shared reflection. The challenges teachers
faced in designing classrooms that promoted understanding were often de-
fined according to their conceptions of mathematics, conceptions of stu-
dent learning, and pedagogical abilities. These parnerships gave teachers
a sate context in which to challenge these conceptions and reconstruct their
classroom practice.

Although a main feature of this research project was the teacher-re-
searcher collaborative, finding that most teachers valued collaboration with
their peers is not remarkable. Yet it is worth noting that teachers did not al-
ways take advantage of opportunities for collaboration, even when schools
supported such activities. During the last year of the project, for example,
school administrators encouraged teachers 10 observe each other, but
teachers chose not to do so. Structural issues also limited the collaboration.

. Atthe end of our work with this district, teachers continued to meet in infor-

mal ways, but the physical separation that occurred when the middle school

. district noved about half of the teachers to a new school decreased overall
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collaboration. The middle school also reorganized teachers into teams or
“houses,” designed such that all teachers within a house taught different
subjects to the same students, thus structuring teacher collaboration
around students, not around instructional content. Clearly, such a focus has
its advantages, but the emergence of informal “teams” of teachers during
the collaborative suggests that instructional content-centered collaboration
is also helpful for teachers, particularly during reform efforts.

TEACHER FOCUS ON PROBLEMS OF PRACTICE:
EVIDENCE FROM CASE STUDIES

During our work with teachers, the growth in their knowledge of student
reasoning and mathernatical content supported a shiftin their instructional
approach and practices away from mere topic coverage toward facilitation
of “sense-making” by students. In the second and third year, two recurring
themes emerged: the overcoming of the “risks” entailed when engaging in

- student-centered pedagogy and teacher interest in discussing and explor-
ing methods to assess student understanding. To elaborate on these prob-
lems of practice, we draw here on case studies of participating teachers. In
general, teacher participation in these studies required a 4-to-8-week part-
nering with a researcher, who administered additional interviews, com-
pleted up to four classroom observations per week, and supported teacher
reflection on classroom events and examples of student work.

Emerging Issue: Working Toward Student-Centered Pedagogy

For learning with understanding to occur on a widespread basis, studengs
need opportunities to {a) develop appropriate relationships, (b) extend and
apply their mathematical knowledge, (c) reflect about their own mathemat-
ical experiences, (d) articulate what they know, and (¢) make mathematical
knowledge their own (Carpenter & Lehrer, 1999). To teach for understand-
ing, teachers need to design learning environments in which students have
these opportunities to make sense of content and come to “own” what they
know and learn (Branstord, Brown, & Cocking, 1999). But even when
teachers recognize the need to change classroom practices, they often en-
counter significant difficulty when they attempt to orchestrate learning op-
portunities that are more student centered (Fennema & Nelson, 1997;
Fennema & Romberg, 1999). As the following case summaries demon-
strate, however, even though these difficulties can be quite similar, the ways
that teachers resolve them can be distinctively different.

The Case of Beth Resnick. Ms. Resnick had been a middle-grades
teacher for almost 20 years. During the collaborative, she taught both math-
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ematics and science. Her primary reason for participating in the collabora-
tive was that she was dissatisfied with the science curriculum, which was
organized by topic (e.g., “the solar system,” “rocks and minerals,”
“weather”). According to Ms. Resnick, students did not have the opportu-
nity to pose issues worth investigating or to make choices along the path of
inquiry. The predetermined nature of the textbook (focused on sets of steps
that students followed 1o generate conclusions from “experiments”) re-
moved any student motivation to engage in issues of interest or to develop
deeper understanding of a textboek topic.

Participation in the collaberative led Ms. Resnick to shift from tradi-
tional, lecture-driven, direct instruction to pointed nse of questioning, at-
tention to student's ideas, and a demand that students articulate their own
reasoning. In interviews, Ms. Resnick stated that this shift was not an easy
one to make. Opening the lesson plan to the directions that students’ ideas
might take implied a certain amount of risk. She could not predict what stu-
dents would say and often felt as though she had lost control of instruction.
More generally, she found the new role as facilitator of discussions awk-
ward, but found useful the sense of herself as a coach. With the new instruc-
tional style, however, Ms. Resnick found that students were learning more.
By opening up discussions with the norm that all well-supported ideas were
welcome, the variety of ideas presented increased greatly, students experi-
enced more complexity, and what students articulated facilitated her iden-
tifying and helping students who were having trouble.

At the end of the collaborative, Ms. Resnick's goals were to develop
better ways to encourage students to be aware of the reasons they believed
what they did. She found it difficult to find ways to bring out in students a
conscious awareness of their reasoning as weil as to provide them with feed-
back that would direct them toward productive ways of thinking about a
problem without giving them the answer. Ms. Resnick’s work with the
“physics of motion” unit illustrates some of the themes of this transition. In
the interest of developing a unit that made clear the connection between
motion and algebra, one of the authors of this chapter conducted weekly
after-school Boxer enrichment workshops for interested sixth-grade stu-
dents in the 1999-2000 school vear. An adaptation of this sequence was
then taught in the spring semester. During these sessions, students ob-
served constantly accelerated motions, programmed these motions in
Boxer, and drew representations of the motions with pencil and paper.
‘Through their work, students faced important issues such as conceptualiza-
tion of variables, connection of these variables to invented representations,
quantification of these variables through measurement, and the separation
of “signal” from “noise” in the resulting data.

Prior to participating in the development of the motion unit, Ms,
Resnick had believed the bestway to teach a physics concept such as acceler-
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ation was to introduce the concept directly and then to illustrate it with ac-
wvities. In the motion unit, however, students were presented with motions
with which they were already familiar: a ball dropped from a height of about
seven feet; a ball rolling across a table and falling off to the floor; a shoved
book that shd for a bit then slowed to a stop. Ms, Resnick demonstrated a
particular motion for the students to observe and then asked them to draw
the motion as well as they could with pencil and paper (see Fig. 10.1). The
task to depict motion in a static medium required the invention of represen-
tational tools and was intended to focus students on ways of making their
posited patterns explicit.

Initially, Ms. Resnick was afraid that the students would nor see any-
thing interesting in this task. After it was decided, for example, that the
book slowed down, what else would there be to discuss? She was, therefore,
surprised at the variety of ideas students had for representing the motion
and at the symbol systems they developed. Presentation of students’ rep-
resentations led to further inquiry: Why is one symbol system better than
another? Are all of the representations comparable o each other, or is
there an element of incommensurability? What kinds of trade-offs are
there from one representational technique to another? Is there a way to
decide which is the best representation? Students ultimately had to grap-
ple with the idea that what was considered “best” was relative to what they
deemed important.

Ms. Resnick later traced her change in practice to the use of the reform
curricula, which focused on student thinking, and the formal and informal
cotlaboration with peers and researchers. She worked closely with the re-
search team on the motion unit and also initiated a long-term: collaborative
relationship with Tracy Wilson, the other teacher who used the motion unit.
This relationship developed to the point that they planned their math and
science lessons together.
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FIG. 10.1 Swmdent representadon of a dropped ball.
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The Case of Jack Stoughton. Mr. Sroughton’s most intense involve-
ment with the collaborative was in the second year, when he and a re-
searcher designed a 4-weck Boxer-based geometry unit. This unit gave

students the task of writing Boxer programs that would draw complex geo-

metric shapes by iterating the rotation of simpler shapes. Mr. Stoughton
stated that through the Boxer activities and subsequent class discussions,
students learned relationships among important geometric concepts, such
as interior angles, exterior angles, and regular polygons. In contrast to
other geometry curricula, this unit engaged students, allowed them the
freedom to develop their own tasks, and encouraged them to learn from
each other as they worked in groups. As he shifted his focus to student
thinking, the classroom environment also shifted, becoming more infor-
mal. Students had greater freedom to express their thoughts and ap-
proaches to problems, which in turn facilitated his assessment of their
understanding.

Mr. Stoughton also thought it important that students not see math as

.something foreign to everyday life, but as something that had applications

that could “empower” them in their day-to-day lives. He felt that listening

.to students was important because it made them feel valued as individuals.

At the end of 2 years, he stll telt he needed to strengthen his ability to elicit
and understand his students’ reasoning and tc keep focused on the need to
view each student as an individual with unique strengths and weaknesses. In
the third year, the value he held for listening to students shifted to “helping
students develop an awareness of how they and their peers are solving prob-
lems.” He believed that excellent teaching resulted in students being will-
ing to “take risks,” and he made presentation of ideas to the group a class
norm so that collaboration might lead to deeper thinking.

Over time, Mr. Stoughton recognized that the logistics of focusing on
student thinking was difficult, particularly with a large number of students
in the classroom. Although laudable, meeting each individual's instruc-
tional needs in a classroom of 25 students was, in practical terms, impossi-
ble. As aresult, he shifted his goal from attempting to meet individual needs
to identifying common problems, but acknowledged that defining such
commeonalities was a challenge. Similar to most teachers in the collabora-
tive, he found the sharing of instructional techniques with other teachers es-
sential and identified the lack of time for peer collaboration as the main
challenge to realizing excellence in teaching.

Summary. As the cases of Ms. Resnick and Mr. Stoughton show, some
teachers gave considerable effort to designing student-centered learning

“environments. Yet, as teachers reexamined what it meant to learn and un-

derstand mathematical ideas, they struggled to create learning enviren-
ments consistent with their new assumptions. Practical considerations often
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resulted in trade-offs between meeting the needs of individual students and
the practical constraints of teaching a classroom of students, To some de-
gree, teachers were able to resolve the difficulties they encountered, al-
though all agreed much work remained ahead. For each teacher, the
collaborative positioned experimentation with practice as a worthy en-
deavor and promoted individual persistence in moving beyond initial un-
certainty and discomfort. The collaborative also provided some degree of
accountability, in that the move toward student-centered pedagogy was a
collective endeavor,

Emerging Issue: Developing Principled Classroom
Assessment Practices

Through the first two years of the collaborative, teachers’ excitement with
the new curricula (i.e, MiC and Boxer) was tempered by a growing sense
that their methods for assessing student learning were tnappropriate to the
materials. In response toissues raised by teachers during monthly meetings
in the second year and in the end-of-year teacher interviews, the research
team decided to organize the meetings in the third year around two themes:
{a) the identification of “core concepts” for assessing the development of al-
gebraic understanding across all grades and (b) the discussion of alternative
methods for designing, scoring, and grading formal assessments, To illus-
trate contrasting approaches resolving issues in classroom assessment, we
focus on two teachers’ efforts to develop a more meaningful approach to as-
sessment.

The Case of Judy Koster. Ms. Koster had taught K-8 students for over
20 years. During the collaborative, she taught seventh-grade mathematics,
language arts, and social studies. After hearing sixth-grade teachers talk
about their experiences using MiC, she decided to participate in the collab-
orative. Dissatisfied with the dryness and repetition of teaching with a text-
baok, Ms. Koster wanted to experiment with a curriculum that challenged
students io reason about math rather than simply to memorize computation
methods. As she grew more familiar with MiC, she also realized that the way
in which MiC spiraled algebraic concepts from unit to unit provided a de-
velopmental basis for instruction sequencing that she had tried to create in
prior years, but had been unable to construct on her own.

To Ms. Koster, the greatest challenge was the design, selection, and scor-
ing of performance assessment tasks, but her persistence in addressing as-
sessment issues in the monthly meetings also reflected the concerns of her
colleagues. Even though she had developed her own method of ru-
bric-based scoring of student work, she found the scoring of more challeng-
ing assessment tasks problematic and experimented with various ways to
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mmplement assessment that was fair, informative, and practical for both stu-
dents and teachers. In contrast to the ubiquitous protocol for testing, in
which students are not allowed to ask questions about the test problerms, Ms.
Koster decided to engage students in a brief reading and discussion of the
problem context in order to mediate limitations in students’ reading ability

“or lack of experience with a particular context. As evidenced in classroom

observations and interviews during the third year, Ms. Koster was alsa less
concerned with the number of problems covered or assessed than with the
ways students articulated their understanding of mathematics. As Ms.
Koster explained:

It goes back to that whole explanation of, doyou need 20 problems from a
kid to understand that they understand it? Or can you put your energy
and your focus in your discussion into one word problem? I think it’s a tre-
mendous shift n thinking and trade-off, but my, my main suggestion
would be, put emphasis, focus, and energy on one or two problems. The
exhausting part of this is you're on deck the whole time. But the trade-off
is, if you're tuned in, I think you will have a more immediate sense of how
the kids are doing. (Interview, May 6, 1999)

Ms. Koster noted that her participation in the collaborative made her ex-
cited about being “a student again"—solving problems and discussing with
researchers and colleagues ways to use activities in the classroom. The dis-
cussions in the monthly meetings affirmed her philosophy of how mathe-
matics should be taught and gave her the opportunity to relate her views to
contemporary research in mathematics education. The collaborative also
reinforced the value of setting aside time to collaborate with other teachers.

Ms. Koster and Deborah Harley, her “house” parmer, collaborated in
planning lessons, designing assessments, and scoring studentwork. During
the 1999-2000 school year, they used the same formal assessments, admin-
istered tests the same way, and used a similar rubric to score student re-

'sponses to assignments and tests. When using the end-of-unit assessments,
both Ms. Koster and Ms. Harley decided to use the tasks as additional learn-
ing opportunities instead of as time-restricted tests of student knowledge.
On the first day of a unit test, the entire class discussed ways to solve each
problem, much as had been done throughout the unit. On the second day,
students received a blank copy of the same assessment and were asked to
write individual responses to each problem without the benefit of classroom
discussion. In this way, Ms. Koster and Ms. Harley were able to informally
assess student thinking during the pre-discussion and identify student mis-
conceptions still present in students’ work on “test day.” We note that, al-

“though their approach gave the appearance of coaching students during
formal assessment, it did not compromise student performance on the
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third-year algebra assessment we administered to all sixth- and seventh-
grade mathematics classes (Webb et al., 2001).

The Case of Rebecca Mauston. Ms. Mauston had taught middle-
grades mathematics, social studies, and language arts for 6 years. During
the collaborative, she taught sixth-grade mathematics and social studies.
When Ms. Mauston initially attended monthly meetings, she found that she
enjoyed the opportunity to discuss the issue of practice with her colleagues,
and she became more intrigued with MiC. She realized that the materials
and activities of the collaborative paraleled much of what she was inter-
ested in accomplishing in her own classroom: creating a classroom commu-
nity in which students respected each other and felt safe enough to share
their thinking. In the final year of the collaborative, Ms. Mauston began to
experiment with new methods of assessing, documenting, and grading
growth in student knowledge over time. During several meetings with one
of the authors of this chapter, Ms. Mauston outlined a more principled
methodology for assessing student thinking.

Central to Ms. Mauston’s change in practice was her development of a
multilevel framework for assessing student reasoning in each unit of in-
struction. During her preinstructional planning, she established assess-
ment goals for the unit, identified benchmark tasks (from tasks included in
the unit and other available resources), and decided the appropriate social
context for using these tasks. Her instructional goals were a combination of
district content standards, learning chjectives outlined in each unit, and
personal interests. Ms. Mauston selected benchmark tasks on the basis of
the accessibility of the task to a range of informal and formal student rea-
soning, the relevance of problem context, and her judgment of which tasks
best represented her instructional goals. She used assessment tasks in a
range of social contexts to create opportunities for dynamic assessment
(Brown & Ferrara, 1999; Campione & Brown, 1987), in which student per-
formance could be assessed with various degrees of instructional support,
such as during whole-class discussion, group work, semistructured inter-
views, or during individual seatwork. As part of her new method of assess-
ment planning, Ms. Mauston instituted student participation in “math
chats” in order to take advantage of assessment opportunities available dur-
ing students’ mandatory tutorial period.

In assigning grades, instead of computing a percent-based grade, she re-
articulated what students should demonstrate to earn a particular grade.
Ms. Mauston organized learning objectives according to three levels of stu-
dent understanding: basic skills, application, and analysis and extension.
She then designed a rubric that assigned grades according to student per-
formance on tasks at these levels. To earn a “C,” for example, students
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needed to demonstrate most basic skills, good homework habits, and mod-
erate participation. To earn a “B,” students needed to demonstrate all basic
skills, earn partial credit on most application problems, and maintain good
homework habits and class participation. To earn an “A,” students needed
to extend their mathematical knowledge and demonstrate higher levels of
reasoning on a higher level cask.

In this process, Ms. Mauston made the meaning of grades and the ways
they were earned explicit to herself and to her students. Classroom observa-
tions and interview data suggest that after Ms, Mauston introduced these as-
sessment practices, her instruction and classroom discussions became more
focused, and student motivation for learning mathematics increased. Tn a
series of follow-up student interviews in the final year of the collahorative,
Ms. Mauston's students described quizzes, tests, and “math chats” as OppoY-
tunities to demonstrate their understanding rather than as a way to “geta
good grade.” By communicating curricular goals to students and designing
a system that could be understood by students and flexible to their needs,
Ms. Mauston encouraged students to assume greater responsibility for their
own learning. As one sixth-grade student noted, “[In the new system] you
actually have to show that you know the skill. It is not like in a multiple
choice test, and you get it right, luckily, or something like that. You have to
prove it to her that you know it and demonstrate it.”

Ms. Mauston’s assessment program caught the attention of the Director
of Instruction, who asked her to participate in district-level meetings to
write guidelines for application of district curriculum standards. In summer
2000, sixth-grade mathematics teachersin the Prairie Creek School District
reviewed her methods for assessment planning and grading and agreed to
develop similar assessment frameworks for use in their classrooms. District
administrators encouraged these meetings and supported the planning
needs of the sixth-grade mathematics teachers through paid time for sum-
mer and afier-school monthly meerings. During the 2000-2001 school
year, similar efforts at improving classroom assessment were promoted by
the district through several staff development meetings to disseminate as-
sessment guidelines for rubric-based scoring and grading and to allow
other teachers to share other innovative assessment practices. In a relatively
short period of time, the district atternpted to institutionalize one teacher’s
innovation as a cross-disciplinary model for assessment.

Summary. We note that not all teachers in the collaborative adopted
such assessment practices. Some colleagues questioned the validity of these
methods and were uncomfortable with ways students could abuse assess-
ment methods that included opportunities for students to collaborate with
peers, share solution methods, and revise their work. On the other hand,



244 WEBB ET Al

teachers that continued to use conventional assessment practices were not
able to resolve the disparity between their personal assessment of what stu-
dents knew and the results they obtained from their more conventional rou-
tines for assessing, scoring, and grading student work. As Mr. Vandenberg,
a seven-grade teacher, noted:

I knew in my heart and my gut who was getting it and who wasn't. But in
terms of, “Okay, how do I put thatinto a grade?”—that was a whole other
challenge. We talked about it, and you have to give yourself permission
probably [to] not grade as much. T mean things that you do grade, you
have to get a rubric, or you have to get something down on paper so the
kidsreally understand how they getthe grade. (Interview, June 20, 2000)

IMPACT ON STUDENT ACHIEVEMENT

Student achievement data were gathered on all students taught by partici-
pating teachers during the second and third years of the collaborative. In
the second year, 1998-1999, three different assessments for each of the
three grade levels {specifically developed for this study) were administered
at the beginning, middle, and end of the school year. In the first of three
problem contexts, students were asked to continue a given pattern and pro-
vide an example of a similar one. The second problem context involved a
skateboard race and addressed aspects of motion such as relative position,
velocity, and acceleration. The third context was designed to elicit students’
informal solutions to covariation problems that involved different combi-
nations of menu orders, rental fees, and campground areas. Each context
included questions 1o elicit student explanations of their solution strategies.

Many of the tasks used in the physics of motion and algebraic reasoning
contexts were quite challenging and required students to interpret and rea-
son with representations rarely addressed in the middle grades. Impor-
tantly, we found that students who engaged in the problem contexts were
able to do so with a relatively high degree of success. The assessment results
also suggested the following patterns of student achievement for the second
year of the collaborative:

» Most incoming sixth-grade students were able to complete a given
pattern.

+ Seventh and eighth-grade students showed progressive growth in in-
formal and preformal algebraic reasoning and were able to generalize
the pattern described in a realistic problem context.

= Comparison of teachers’ curricular decisions and student achieve-
ment data showed that student opportunity to learn significantly af-
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fected student performance in preformal algebraic reasoning and
generalization.

* The cooperation and mutual support of the sixth-grade teachers led
to a more coherent mathematics program and increased opportuni-
ties for students to engage in and improve their solving of complex,
nonroutine problems. By the spring, sixth-grade students were begin-
ning to perform at a level equal to the performance of eighth-grade
students,

In the third year, 1999-2000, the teachers emphasized the study of stu-
dent reasoning in algebra and sought to provide students with appropriate
pre-algebra experiences in sixth and seventh grade. In alignment with this
goal, the third-year assessment was designed to document student achieve-
ment in various aspects of algebra, including use of patterns, covariation,
and understanding of exponential phenomena. The first section of the as-
sessment included five multiple-choice questions selected from eighth-
grade public-release items used in the Third International Mathematics
and Science Study (TIMSS). The second section of the assessment included
four contexts with several constructed-response prompts associated with
each problem context. Three of these problem contexts were used on the
previously described second-year assessments. Another problem context
was taken from the Grade 7 Problem Solving Assessment (Dekker et al.,
1997-1998) developed for the “Longitudinal/Cross-Sectional Study of the
Impact of Mathematics in Context on Student Mathematical Perfor-
mance.” Each context included prompts 1o elicit student explanations of
their solution strategies. (For a more detailed report of data from this as-
sessment, see Webb et al., 2001.)

Overall, the student achievement results for the third year demaonstrated
substantial growth in students’ algebraic reasoning. We ateribute these re-
sults to teachers” emphasis of algebra content in sixth and seventh grades.
More specifically, the assessment results showed the following patterns of
student achievement;

* In the longitudinal analysis, we found that the differences in student
performance from year to year were statistically significant. In two
cases, the difference in student performance was greater than one
standard deviation. However, there remains significant room for im-
provement on many of these items.

* On the multiple-choice tasks, we found an overall difference in per-
formance between sixth- and seventh-grade students. Similar to
achievement patterns found in the second-year data, we conjectured
that student opportunity to learn and instructional emphasis signifi-
cantly affected student performance on these items.
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* In contrast to this difference, we found student performance on par-
ticular items in Grades 6 and 7 to be equivalent. In order to ex_plam
why performance on these items was equivalent when_all other items
saw performance differences across grades, we also cite student op-
portunity to learn. ‘ . »

* In Grade 6, we found a significant difference in performance be-
tween those students whoused preformal algebraic tools {e.g., com-
bination chart) and those who did not. Use of such tools, however,
was not found in responses of the seventh-grade students who suc-
cessfully responded to this item. Very few seventh graders orga-
nized their problem solving with such tools and instead demon-
strated use of formal, symbolic approaches.

* We found variation in student performance across teachers that
taught the same MiC units. Although some of these differences
could be attributed to a general teacher effect, based on obsel.'va-
tions and informal conversations we had with teachers, we conjec-
tured that teachers’ differential instructional emphasis within the
same units had an impact on student performance. For instance,
some seventh-grade teachers explored exponential growth jand de-
cay phenomena in detail, whereas others skimmed the topic.

Students’ opportunities to learn and teachers’ instructiona! emphasis
had a significant impact on student achieveme_nt. However, flmply stat-
ing that “students learned what teachers decided to teach” misrepre-
sents the relationship between teacher change, curriculum cc?h:erence,
and student achievement that we observed in this study. Prowdmg_stu-
dents opportunities to learn mathematics with understanding required
an environment in which teachers had an opportunity to develop peda-
gogical knowledge, mathematical kno'.?rledge, and classroom practice.
By the end ot the third year, five of the six G_vrade 7 teachers were in their
first year of using a new mathematics curriculum. Every teacher in the
collaborative noted that his or her prior classroom practices were chal-
lenged in one form or another. We view the positive trend in studgm
achievement data tobe a set of assessment snapshots that confirm Fhe im-
provement in student learning of mathematics that occurred during the
course of the collaborative. The longitudinal growth in student perfor-
mance in the third year is particularly significant given that most of the
teachers for this student cohort were just beginning to grapple w1t_h_ the
inherent challenges of student-centered instruction and more ambltn:'}us
forms of classroom assessment. Over time, as teacherr_, Fonqnuc to im-
prove their classroom practices and become more famlhar with Fhe way
mathematics concepts are developed, we expect their students will dem-
onstrate even greater performance on similar assessments.
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CONCLUSION

'The collaborative created a “safe” environment for teachers to share and
discuss their problems of practice. As they made their practice public, they
found that some issues, which they might have percetved as idiosyncratic,
were often shared by many of their colleagues. Through the collaborative,
“personal” teaching issues were often reflected back as problems of practice,
and teachers, supported by the district and working jointly with researchers
were able to experiment with changing their practices through reform ap-
proaches to instruction and assessment. Certainly, the growth of teachers as
they participated in the collaborative varied considerably, Some, like Ms,
Resnick and Ms. Mauston, experienced considerable change in their work
as professional teachers. Some, like Ms. Koster, found that the instructional
expectations reinforced their beliefs about excellent teaching. All found the
teaching of reform units to be challen ging, but all also saw the beneficial im-
pact of such instruction on student learning. In the secrions that follow, we
summarize the effect the collaborative had on their instruction and on their
implementation and use of assessment,

Collaborating to “Uplevel” Instruction

As teachers piloted the new units (MiC and Boxer-based), they deepened
their understanding of student conceptions of math and science. As teach-
ers continued to elicit student explanations of their strategies, sometimes
taking the stance of someone completely ignorant of a mathematical topic
to encourage student explanations, they found that their own understand.-
ing of the concepts they were teaching was enhanced by students’ re-
sponses. As a result, teachers began to make more-informed decisions
about which sections of a unit they should emphasize, skim over, or avoid.
As they became more familiar with the content of the units, their instruc-
tonal stance became more proactive, and they began to interject classroom
discourse with more formal mathematical language in order to connect stu-
dent conceptions to a shared language.

" Teachers’ experimental use of Boxer and MiC, for example, permitted a
“sale zone” for teachers to explore content not previously used with stu-
dents at these grade levels. As teachers piloted Boxer and MiC algebra
units, they were intrigued by the enriched nature of students’ mathematical
communication and reasoning. Because teachers often experimented with
the same instructional units, they were able to discuss not only the interac-
tion of curriculum, instruction, and assessment in a shared context bur also
the merits of a particular activity and the range of student responses their
instructional practices had elicited.
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Teachers were quick to identify this peer‘collabor‘ation as keyto suppolrt-
ing their efforts to implement reform practices and in helping them resolve
the practical problems that arose as they worked to reform th_elr pr(:i\cuce
and to develop the skills they felt they needed. Sharing strategies an ;011—
ceptions of the desired skills tended to “spread out the risk” the teacnetr)s
were taking in implementing change. The reforr_n_s supported by the collab-
orative necessitated a modification of the tradlt‘lonal model of the class-
room, in which “correct” information is transmitted from an expert to a
roomful of novices, toward a more open-ended,.student-c.entered. rlnodel in
which knowledge is dynamic, collaboration is qulved in cognition, and
students and teachers sometimes share leade.rsh1p roles. The dlfﬁc(llll.ty
faced by most participants in implementing this model seemed rooted in

two challenging issues:

» Planning out an instructional route that w.vould enable them to srmul(i
taneously focus on student discussion,.mfer student thinking, an
gather evidence on student understanding. N

« Shifting from the comfortable role of class leader to the "risky” role o

class facilitator.

Effecting these changes was difficult, but as teachers shiftet.:l to the fot_:u}s;
on student thinking inherent in this reform moglel and expferlmented Mﬂf]lt
new ways to scaffold student learning, many realized that this was what_ ey
had been trying to do for years. Teachers already knew from experience
that students varied considerably in their reasoning abo_ut problems, bqt
what students thought and the strategies they used were h:ddlen from tradi-
tional approaches to instruction and assessment. Reinforced in their (:iffo.rli
by the district, the researchers, and their peers, teacbers experlment; dwnd
practices in actual classroom environments. Discussion of v.vhat they did an
observed at the monthly meetings legitimized their intuitions and fostered

their sense of professionalism.
Linking Assessment and Achievement

Three concurrent developments emerged in teachers’ classroom assesst
ment practices: the investigation of instructionally embeddeq assessmen(;;,
the selection, design and use of assessment tasks; and the scox.'mg and grad-
ing of student work. Both formally and informally, teachers in the collago-
rative began to discuss their assessment, scoring, and_ grac_lmg approac e.is
and shared their experiences with assessment tasks in M_lC and the lc)llla -
lenges they faced in using tasks to assess student reasoning and prg em
solving. At their monthly meetings, teachers deliberated the pros :1;1_ clons
of different approaches and talked about assessment methods used in fan-

10. FOCUSING ON PROBLEMS OF PRACTICE 249

guage arts, science, and social studies. The framework for planning class-
room assessment developed by Rebecca Mauston was shared with teachers
ousside of the mathematics department and was adapted for use by lan-
guage arts and social studies teachers. During the final month of the collab-
orative, Grade 6 mathematics teachers received district funding to develop
MiC unit assessment plans, a project that included the identification of in-
structional goals in light of the district's standards and the selection of unit
benchmark tasks. Several teachers found that their use of reform assess-
ment practices and the identification of appropriate informal classroom as-
sessment opportunities had influenced their imstructional decision making,
the selection of curricula, the selection and modification of assessment tasks
(and how they were used), and even the instructional pathways they used to
guide student discourse.

Certainly teachers found that their change in practice deepened and
changed their instruction, buc the change in their classroom assessment
practices also had a notable impact on student disposition toward learning
wathematics. Instead of using assessment primarily to judge whether stu-
dents had successfully completed an activity, reachers had begun to use as-
sessment to evaluate whether students understoed mathematics and science
concepts. When one teacher adjusted her expectations of the ways students
should demonstrate their understanding of mathematical skills and con-
cepts, her students improved their work according to the expectations
they had for themselves. For example, when students were presented with a
range of mathematical competencies they needed to demonstrate to earn
an “B,” students took greater ownership in the learning process and de-
cided which concepts they wanted to learn and demonstrate on the tar-
geted assessments.

. As teachers created contexts to support student learning of mathematics
and science with understanding, they discovered that middle-grades stu-
dents could model fairly sophisticated phenomena. Sixth-grade students
were able to represent cases of constantly accelerated motion in a variety of
ways, and these representations supported discussions about concepts cen-
tral to kinematics (e.g., speed, time, distance). Overall, students were also
able to arrive at multiple conceptual organizations of concepts such as ac-
celerated motion on a ramp (in order to measure changing speed) and
could recognize representation issues and could refine their depictions ac-
cordingly. Importantly, students were able to demonstrate that they had
learned to support what they found through argumentation.

Summary

Overall, the collaborative was effective in supporting and sustaining the ef-
fort toward improving instruction and in building school capacity to pro-
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vide all students with a mathematics program that was comprehensive and
meaningful. The context of university collaboration also validated teachers’
efforts to administrators and parents, provided incidental technical sup-
port, and supported teachers’ efforts through provision of necessary mate-
rial resources such as MiC units, Boxer software, and computers (which
would not have been purchased by the district because of limitations in bud-
get allocations for mathematics resources).

After the researchers pulled back, the project was sustained by further
exploration of practice by project teachers, dissemination of support struc-
tures and classroom practices across the Prairie Creek School District, and
“travel” of project findings to researchers and teachers in new projects and
new school districts. Field notes gathered by researchers who continued to
observe monthly meetings after the conclusion of the collaborative con-
firmed sustained deliberation of curricular decisions and instructional ap-
proaches in a continual effort to improve student learning. The level of
teacher discourse remained focused on problems of practice, further sug-
gesting that the norms of professional discourse developed during the col-
laborative were maintamned, at least in the short term.

Clearly, to sustain growth in teachers’ classroom practice, teacher collab-
oration in content areas must continue as a means to support further exper-
imentation and development of teacher knowledge central to teaching and
learning mathematics with understanding. Such collaboration could focus
on teachers' (a) engagement in new activities that promote teacher learning
of mathematics content, {b) recognition and collection of evidence of stu-
dents’ understanding and learning, (c} elicitation and interpretation of that
evidence, and (d) exploration of assessment methods appropriate for as-
sessing student understanding. Although such collaboration might include
university personnel, over time we expect teachers to take greater owner-
ship in maintaining collaborative structures and continuing and sustaining
the discussion of teaching and learning mathematics.

We note in closing that the key issues—district leadership support and
the emergence of teacher community—had great effect on the collabora-
tive, which continues informally despite major changes in the district and
schools themselves. We also wish to point out the importance of the shift in
assessment practice, which—when used not to rank students, but to inform
instruction—led to better quality of instruction and substantial increase in
student achievement, as measured both by informal classroom assessment
and external formal testing.
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