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struggle in making the transition from traditional instruction toward
teaching mathematics for understanding. When teachers use a reform
curriculum, with its potential to promote student understanding, ini-
tially they are often unaware of the need to reconsider their current as-
sessment practices in light of the rich evidence generated through
complex, real-world mathematics problems. However, as portrayed in
Chapters 2, 3, and 4, and particularly in Chapters 11 and 12 by teach-
ers Ann Frederickson and Teresa Her, considerable instructional conflict
is generated when teachers use a limited range of assessment practices
to assess more substantive learning goals. Getting teachers to shift their
assessment practices toward assessing student understanding has the
potential of invoking real instructional change, which is key to reach-
ing the overall reform goals for school mathematics.

Although research supports the contention that formative assess-
ment benefits student learning and can be used to facilitate learning
with understanding, many mathematics teachers (as described in sev-
eral chapters here) show limited understanding of the ways in which
formative assessment can be incorporated into their classroom prac-
tices. As a result, teachers often have difficulties in making didactical
decisions based on their students' work and therefore defer instructional
decisions to the sequence of activities in a textbook. Students in such
classrooms are often left with incomplete information about their
progress. They frequently find themselves at a loss to self-assess what
they know or don't know, and they continue to apply and reinforce
faulty mathematical conceptions.

Both the literature and our experience indicate that assessing for
understanding is a critical component of teaching for understanding.
Authors of the chapters in this book have suggested a number of de-
sign issues that teachers should consider when assessing for student
understanding: What is the purpose of an assessment task? What type
of response format should be expected from students? Does the prob-
lem context support or impede student problem solving? Does the
current assessment program allow students opportunities to demon-
strate understanding as well as procedural competence? The insight
stories in this book have noted particular aspects of teachers' classroom
practice and their role in teaching for understanding.

SUPPORTING CHANGE IN TEACHERS CLASSROOM PRACTICES

The standards-based reform approach to instruction assumes that
teachers will use evidence from several sources to inform instruction,
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For a group of teachers, what kind and level of resources and professional
development activities are needed to promote teacher interest, inquiry,
and reflection toward the development of principled methods for assess-
ing student understanding? Our effort to investigate these and other
related research questions was realized as the CATCH project.

In 2001, we implemented the CATCH project in two school districts
(Philadelphia, PA, and South Milwaukee, WI) to investigate-further how
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activities to further develop those conceptions. The mapping of instruc-
tional activities and assessment tasks onto a learning sequence for spe-
cific mathematical domains is based on the concept of hypothetical
assessment trajectories (de Lange, 1999), which are loosely sequenced
sets of performance benchmarks for student learning in a content do-
main. The notion of learning lines within content domains is used as
an organisational framework for teachers to select, adapt, and design
assessments. There are practical issues teachers must consider, however:
Tools and practices used by teachers are limited by the extent to which
they can reasonably assess individual and collective learning within a
classroom setting. (For additional examples of using learning trajecto-
ries as an organizational tool for instruction, see van den Heuvel-
Panhuizen [2001], Fosnot and Dolk [2002], and Romberg, Carpenter,
and Kwako [in press].) As demonstrated by Ann Frederickson and Teresa
Her, when teachers view student learning in terms of learning and
assessment trajectories, they are more apt to organize and sequence
classroom activities that build from students' prior knowledge.

Attention to content goals,and students' mathematical reasoning
in the selection and design of classroom activities permits rich oppor- 'li!I!

tunities for formative assessment. As teachers broaden their concep-
tions of classroom assessment, use assessment trajectories to select and
design assessment tasks, and make greater use of instructionally em-
bedded assessment, they become better prepared to base their instruc-
tional decisions on the student thinking that they listen to and observe.
As argued by Kilpatrick, Swafford, and Findell (2001) in Adding It Up,
"Learning with understanding involves connecting and organizing
knowledge, learning builds on what children already know, and for-
mal school instruction should take advantage of children's informal
everyday knowledge of mathematics" (p. 342). By improving the align-
ment among student thinking, instructional decisions, and classroom
assessment, learning activities will more likely result in improved stu-
dent achievement (Bransford, Brown, & Cocking, 1999). Whereas con-
ventional classroom assessment focuses primarily on student outcomes
and student recall of formal knowledge and procedures, assessing for
student understanding requires that teachers attend to students' incom-
ing knowledge and the way in which evidence for student thinking
emerges through informal, preformal, and formal representations. As
students learn, teachers must continue to monitor their progress, not
in terms of correct or incorrect answers on some percentage scale, but
in the broader and deeper sense of their conceptions of mathematical
content and their growing ability to adapt what they understand to
solve unfamiliar problems embedded in new contexts.
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Initiate

Professional development activities in this category are oriented
toward initiating teacher understanding and the critique of conventional
assessment practices. Teachers critique "expert" assessments, such as
commonly used standardized tests and conventional classroom assess-
ments. Teachers also engage in other assessment methods, as students,
and respond to tasks that require Level 2 and Level 3 reasoning and
to other examples provided in Framework for Classroom Assessment in
Mathematics (de Lange, 1999) and Great Assessment Problems (Dekker &
Querelle, 2002). The expected outcomes for this category are teacher
dissatisfaction with current assessment methods and reflection on the
pros and cons of their own assessment methods, both of which lead to
experimentation with formative assessment techniques. As teachers
change their classroom assessment goals, an expected outcome is stu-
dents' shift toward learning mathematics with understanding.

Investigate

Professional development activities in this category are designed
to engage teachers in the investigation, selection, and design of prin-
cipled assessment techniques. Using a model for categorizing tasks and
examples of Level 1, 2, and 3 questions (for example, see AssessMath!
[Cappo, de Lange, & Romberg, 1999]), teachers develop practical
expertise in selecting assessment tasks and experiment with design-
ing tasks and balanced tests to assess student understanding. The
AssessMath! software includes an interactive collection of assessment
tasks classified by content, competency levels, and grades. As teach-
ers design and adapt assessment instruments to assess particular con-
tent, they receive technical support from colleagues and the research
team. Expected teacher outcomes for this category include teacher
classification of tasks, greater use of Level 2 and 3 tasks, design and
use of assessments with a greater balance across reasoning levels, and
use of other assessment instruments (e.g., two-stage tasks, projects,
writing prompts). The expected student outcome is that students
will learn to reason mathematically, use mathematical models, and
generalize.

Interpret

Professional development activities in this category support teach-
ers' principled interpretation of student work. Teachers' development
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of shared knowledge is promoted through scoring institutes, design and
application of holistic and analytic scoring rubrics, and discussions
of student representations. To support domain-based formative as-
sessment, activities are structured to promote teacher discussions of
student work (e.g., scoring student work). Through these activities,
teachers improve their ability to interpret student reasoning and
begin to use student work as a starting point for instruction (i,e., teach
for understanding). This leads to increased use of student argumen-
tation and the opportunity for students to "show what they,know
and can do."

Integrate

Professional development activities in this category are designed
to support teachers' principled instructional interventions. Teachers
investigate student representations with respect to hypothetical assess-
ment trajectories. Video selections of classroom practice are used to
broaden teachers' awareness of assessment opportunities such as
instructionally embedded assessment. For example, the Modeling Middle
School Mathematics (Bolster, 2002) video series provides useful examples
of teacher—student interaction in classrooms using middle grades re-
form curricula. Teachers investigate ways to devolve a greater share of
the assessment process to students, through principled use of peer and
student self-assessment. Workshops and monthly meetings offer op-
portunities for teachers to further develop domain-based assessment
trajectories. By integrating assessment and instruction and investigat-
ing ways to use student written and verbal thinking to inform instruc-
tion, teachers develop an informed basis for making instructional
decisions and eventually show greater adaptability in their lessons,
transcending the textbook's lesson to address connections among
mathematical concepts in students' terms. These developments lead
to greater student understanding of mathematics and improved stu-
dent achievement.

ENDING NOTE

Our experience shows that teachers benefit greatly from exploring
such tacit features of classroom assessment as the design of assessment
tasks, the interpretation of students' written and verbal responses, and
strategies for eliciting or responding to student ideas during the course
of instruction. Yet changing teachers' assessment practice requires more
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than providing them with a new set of assessment tasks or a new scor-
ing rubric. Teachers must be motivated to change.

They must recognize the limited information their current as-
sessment practices provide.
They must realize the necessity of using tasks and practices that
can reveal student understanding.
And they must view teaching for student understanding as an
important goal.

In the Research in Assessment Practices study, we found that teach-
ers could learn to use formative assessment practices as a consequence
of appropriate professional development and, over time, both develop
a more comprehensive view of assessment as an ongoing process and
use a wider range of assessment strategies. We also have found that
administrators and teachers essentially agree on the value of a profes-
sional development program oriented toward improvement of class-
room assessment. Those involved in our studies see the CATCH project
as an opportunity to promote student-centered practice and improve
student understanding of mathematics through the project focus on
interrelated principles of assessment design, interpretation of student
work, and instructional decision making.

In the CATCH program, professional development activities are
grounded in the theory and practice of classroom assessment. Teach-
ers developed a broader view of assessment and used guiding principles
for teaching for student understanding in their selection of assessment
tasks, instructional activities, and the questions they asked during in-
struction. Teacher inquiry of student understanding, through the ex-
ploration of classroom assessment principles and practices and
supported by ongoing collaboration with colleagues, provided teach-
ers the beginnings of a theoretical foothold to construct classroom
assessment practices more conducive to student learning. CATCH
teachers and administrators also participated in regular discussions of
practical ways to monitor the implementation of their district curricu-
lum standards and developed reasoned ways of judging and interpret-
ing student performance on district assessments and state-mandated
standardized tests. We note that the administrators and teachers in-grou00 2840000 297.ndardizw6242.65/ies as a conse40000 453ions of




