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SECTION I

Effective
Professional Development

or
Teachers of Mathematics

By Susan Loucks-Horsley

Professional development plays an essential role in successful education reform.
Professional development serves as the bridge between where prospective and
experienced educators are now and where they will need to be to meet the new
challenges of guiding all students in achieving to higher standards of learning
and development (U.S. Department of Education, 1995, p. 2).

The image of a bridge is useful for those
who provide professional learning opportu-
nities for mathematics teachers and others
responsible for helping young people to
learn the mathematics they will need for
the 21st century. A bridge, like profession-
al development, is a critical link between
where one is and where one wants to be.
A bridge that works in one place almost
never works in another. Each bridge
requires careful design that considers its
purpose, who will use it, the conditions
that exist at its anchor points (beginning,
midway, and end), and the resources
required to construct it. Similarly, each
professional development program or ini-
tiative requires a careful and unique
design to best meet the needs of the
teachers and the students to be served.

The current scene in professional develop-
ment in no way resembles the ideal of a
sturdy bridge to the future a critical link
that is carefully and uniquely designed to
meet particular needs. Instead, the pro-
fessional development teachers experi-
ence is typically weak, limited, and frag-
mented, incapable of supporting them as
they carry the weight of adequately
preparing future citizens. Programs fall far

short of helping teachers develop the
depth of understanding they must have of
mathematics content, as well as how best
to help their students learn it.

This weakness in current professional
development programs for mathematics
teachers is particularly serious because,
unfortunately, many teachers enter the
classroom unprepared to teach challeng-
ing mathematics. The average teacher of
grades K-6 takes three or fewer mathe-
matics or mathematics education classes
in college, and 20% of high school math
teachers do not have a major or minor in
mathematics (U.S. Department of
Education, 1993-1994).

Teachers' lack of preparation becomes
even more critical in light of the National
Council of Teachers of Mathematics 1989
Curriculum and Evaluation Standards, as
well as many recent state mathematics
standards, which call for the teaching of
more challenging mathematics. In the
future, students will be expected to
become mathematical thinkers and prob-
lem solvers and to learn fundamental con-
cepts of algebra, geometry, probability,
and statistics in elementary school.

Susan Loucks-Horsley is Director of the National Institute forScience Education's Professional
Development Project and Director of K -12 Professional Development and Outreach at the Center for
Science. Mathematics, and Engineering Education of the National Research Council, Wkishington, DC.
(520) 888-2838; sloucks@WestEd.org
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Recent US. and comparative international
data show that American students should
be learning more challenging mathemat-
ics. The Third International Mathematics
and Science Study (TIMSS) compared the
mathematics and science achievement of
a half-million students from 41 countries at
the fourth, eighth, and twelfth grades. In
mathematics, U.S. fourth graders per-
formed above the international average,
U.S. eighth graders performed slightly
below the international average, and U.S.
twelfth graders performed significantly
below the international average. One rea-
son for this pattern of decline is that the
content of U.S. curriculum is less demand-
ing beginning around fourth grade and
continuing through high school.

The need for more challenging mathemat-
ics content for students means that their
teachers will also have to learn more chal-
lenging mathematics content and how to
teach it. The purpose of this publication is
to suggest new ways of designing and
implementing effective professional devel-
opment to reach these goals.

The need for more challenging
mathematics content for students
means that their teachers will also
have to learn more challenging
mathematics content and how to
teach it.

The publication is for those who have
some responsibility for designing or con-
ducting professional development pro-
grams or initiatives. They can be teacher
leaders, school or district administrators,
university mathematics educators or math-
ematicians, curriculum developers, train-
ers, or consultants. They can be design-
ing long-term, whole-district initiatives,
courses for high school teachers, teacher
enhancement projects drawing teachers
from across a state or the nation just
about any opportunity formulated to
support teacher learning. This publication

may also be of interest to teachers select-
ing their own learning opportunities, evalu-
ators interested in what to look for in effec-
tive programs, and funders who appreciate
guidance about the kinds of programs that
have the greatest likelihood of success.
First and foremost, this publication is for
anyone interested in "breaking set" with
traditional schemes for professional devel-
opment and exploring new designs for
learning.

This publication can be used by any of the
above audiences for identifying what
works in professional development. While
the strategies contained in Section II will
help designers of professional develop-
ment opportunities, they are included also
so that educators can identify elements of
programs that will lead to new ways of
teacher and student learning and
improved student achievement. The
strategies, the additional resources, and
the example programs all provide educa-
tors with a grounding in how to select pro-
grams and where to go for additional infor-
mation.

Section II, Summaries of 15 Strategies for
Professional Development, provides a
description of each strategy including the
elements necessary for design and imple-
mentation, along with issues for educators
to consider. The discussion of each strat-
egy concludes with a real-life example of
the strategy in action. Readers may con-
tact the programs for more information
about these particular projects or for assis-
tance in developing or adapting their own
programs.

Section III, Successful Programs, features
longer descriptions of existing programs
that effectively combine several of the
Strategies for Professional Development,
including programs honored in the U.S.
Department of Education's National
Awards Program for Model Professional
Development.

Section IV, Technical Assistance Providers
and Additional Programs, provides brief
descriptive and contact information for
organizations and professional develop-
ment projects that are working to offer
educators training and information.

3



Principles
of Professional Development

4

Knowledge from research, theory, and the
"wisdom" of experienced, practicing pro-
fessional developers suggests five princi-
ples of effective professional development:

1. Professional development experiences must
have students and their learning at the core
and that means all students.

Mathematics education reforms and the
national, state, and local standards on
which they are based, share a
common commitment to high standards of
achievement for all students and not just
the few who are talented or privileged.
This implies a different perspective on the
content students should learn and the
teaching strategies that should be used by
their teachers. To meet this challenge, all
professional development resources,
including teacher time, must be focused
on rigorous content and the best ways to
reach all students.

2. Excellent mathematics teachers have a very
special and unique kind of knowledge that
must be developed through their professional
learning experiences.

Pedagogical content knowledge (Shulman,
1987) involves knowing how to teach spe-
cific mathematical concepts and principles
to young people at different developmental
levels. This kind of knowledge and skill is
the unique province of teachers and distin-
guishes what they know from what mathe-
maticians know. Knowledge of mathemat-
ics content, although critical, is not
enough, just as knowledge of general ped-
agogy is not enough. The goal of develop-
ing pedagogical content knowledge must
be the focus of professional development
opportunities for teachers.

3. Principles that guide the improvement of
student learning should also guide profes-
sional learning for teachers and other
educators.
Professional developers must "walk
their talk" because people can only
teach in ways in which they have
learned. Engaging in active learning,
focusing on fewer ideas more deeply,
and learning collaboratively are all prin-
ciples that must characterize learning
for teachers if they in turn will apply
these to helping their students learn.

4. The content of professional learning must
come from both inside and outside the
learner and from both research and
practice.

Professional development opportunities
must honor the knowledge of the prac-
ticing teacher as well as draw on
research and other sources of exper-
tise outside schools and classrooms.
Artful professional development design
effectively combines theory and
practice.

5. Professional development must both align
with and support system-based changes
that promote student learning.

Professional development has long suf-
fered because of its separation from
other critical elements of the education
system, with the result that new ideas
and strategies are not implemented.
Although professional development is
not a panacea, it can support changes
in such areas as standards, assess-
ment, and curriculum, creating the
culture and capacity for continuous
improvement that is so critical for
educators facing current and future
challenges.

Note that the principles, design framework, and strategies fnr prokssional development described in this
publication are elaborated in Designing Professional Development for Teachers of Science and
Mathematics by Susan Loucks-Horsley, Peter W Hewson, Nancy Love, and Katherine E. Stiles, with
Hubert M. Dyasi, Susan N. Friel. Judith Mumme, Cary I. Sneider, and Karen L. Worth (Thousand Oaks.
C4: Corwin Press. 1998). The book is a product of the National Institute for Science Education, funded
by the National Science Foundation. ammasommirl
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A FRAMEWORK FOR DESIGNING AND IDENTIFYING

PROFESSIONAL DEVELOPMENT PROGRAMS

With these principles as a foundation,
designs for effective professional develop-
ment of mathematics teachers need to
proceed carefully and consider a number
of different elements. The figure on this
page illustrates a design framework
that organizes these elements in
ways that suggest both how to
design a new program and
how to analyze the design
of an existing program.

The four boxes through
the middle of the frame-
work represent a typical
process of planning and
action. This process
reminds designers of pro-
fessional development
which should include teach-
ers, administrators, community
and other resource people of
several important features of good
programs:

1. There need to be goals, a set of clear
and shared outcomes for the program.
These goals must drive all other ele-
ments of the design.

2. There needs to be planning careful
consideration of how the pieces fit
together and how to proceed over time.

3. The plan must be implemented.
4. There needs to be reflection on and

cva!uation of what happened that feeds
back into adjustment in plans and sub-
sequent actions, as well as in goals.

This four-step cycle is meant to repeat
itself, taking place over months as a pro-
gram proceeds, or in the minutes it takes
to monitor and adjust an ongoing event to
increase its effectiveness.

In addition to the four central steps of the
cycle, the design framework considers four
inputs important to the design process.

Designers of professional development
need to draw upon:

1.

2.

3.

4.

The existing base of knowledge and
beliefs about learning, teaching, the
nature of mathematics, professional
development, and the process of
change.
An analysis of the context in which the
teachers teach and their students
learn.
Attention to a set of critical issues that
will help them be successful or foil their
attempts if neglected.
A repertoire of 15 strategies for profes-
sional learning that can be combined in
different ways at different times to
maximize different learning goals.

Illustration from: Designing Professional Development for Teachers of Science and Mathematics by
Susan Loucks-Horsley, Peter W Hewson, Nancy Love, and Katherine E. Stiles, with Hubert M. Dyasi.
Susan N. Friel. Judith Mtunme, Cary I. Sneider, and Karen L. Worth (Thousand Oaks. CA: Corwin Press.
1998). The book is a product of the National Institute for Science Education, funded by the National
Science Foundation. Reprinted by permission of Convin Press.
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Knowledge

Context

Learners and learning
Teachers and teaching
The nature of mathematics

Professional development
The change process

Current knowledge, remarkably strong in
most cases, can form a firm foundation
under professional development.
Research suggests that learners construct
their own understandings and that certain
teaching strategies such as building on
prior knowledge and active exploration of
concepts can facilitate that learning.

Effective professional development
involves active study, over time, of mathe-
matics content and pedagogy in ways that
model effective learning and make direct
connections with the teachers' practice.
Research on change indicates the impor-
tance of attending to individual teacher
needs over time, providing learning oppor-
tunities tailored to those needs, and creat-
ing a climate of collegiality and experimen-
tation and a capacity for continuous learn-
ing and support. These knowledge bases
influence design decisions for effective
professional development programs.

6

Students
Teachers

Practices
Policies
Resources
Organizational culture

Organizational structures
History of professional development
Parents and community

A thorough examination of factors in the
context that participants bring to the pro-
gram also assists in design. The needs
and nature of the students; the back-
grounds, needs, and teaching

responsibilities of the teachers; the
resources available and degree of commu-
nity support; the organization, expecta-
tions, and current demands of the schools
and districts all are important consider-
ations in the design of professional devel-
opment for mathematics teachers.

Criticql
issues

Ensuring equity

Building professional culture
Developing leadership

Building capacity for professional learning
Scaling up resources

Garnering public support

Supporting standards and frameworks
Evaluating professional development

Finding time for professional development

There are at least nine issues that design-
ers of professional development must con-
sider that carry the message: Ignore them
at your peril! These may not all require
attention at the onset but should be con-
sidered as the initiative or program
unfolds.

Ensuring equity and supporting new stan-
dards and frameworks through profession-
al development promote high-quality learn-
ing for all students and maximize the likeli-
hood that current improvement efforts will
reach their goals. Such issues as building
capacity, developing leadership, and scal-
ing up influence the extent to which teach-
ers change their practice. Only when they
are addressed by a professional develop-
ment program will changes made by indi-
vidual teachers extend beyond their class-
rooms to the education system.

Attention paid to garnering public support
and evaluating professional development
helps ensure sustained commitment to a
program that works effectively. All nine of
the critical issues should concern profes-
sional developers at some time in their
work.



Strategies for
Professional Development

Fifteen strategies for professional develop-
ment are summarized in the next section
of this publication. The strategies are the
"toolkit" from which professional develop-
ers can design their programs or initia-
tives. They expand the professional devel-
opment repertoire far beyond the more
typical inservice workshops, courses, and
institutes (although these are included as
well). A well-chosen array of experiences
will promote teachers' opportunities for
growth in many different areas of knowl-
edge and skill, and in a wide variety of
contexts.

Those looking for a few discrete, clearly
effective "models of professional develop-
ment" will be disappointed that none exist.
Every situation and initiative requires its
own unique model. But this does not
mean that each program needs to "start
from scratch." As explanation of this
design model indicates, there is a broad
and deep base of information, research,
and, indeed, wisdom that can be drawn
upon to build unique and successful pro-
fessional development opportunities for
mathematics teachers.

References
& Resources
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K.E. Stiles. (1998) Designing Professional
Development for Teachers of Science and
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Shulman, L.S. (1987) Knowledge and teach-
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U.S. Department of Education, Professional
Development Team. (1995) Mission and prin-
ciples of professional development.
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SECTION II

Summariesof 15 Strategies
for

Professional Development

The 15 strategies presented here have been adapted from Chapter Four of Designing
Professional Development for Teachers of Science and Mathematics by Susan Loucks-
Horsley, Peter W Hewson, Nancy Love, and Katherine E. Stiles, with Hubert M. Dyasi,
Susan N. Friel, Judith Mumme, Cary I. Sneider, and Karen L. Worth (Thousand Oaks, CA:
Corwin Press, 1998). The book is a product of the National Institute for Science
Education, funded by the National Science Foundation.

At the very center of professional develop-
ment is the decision about which strate-
gies or approaches to use. Of course,
professional development does not occur
as isolated strategies. Every program, ini-
tiative, and professional development plan
uses a variety of strategies in combination
with one another to form a unique design.
Each strategy is one piece of the puzzle,
and how strategies fit together depends on
other elements of the design framework.
The challenge is to assemble the combi-
nation of learning activities that best meets
specific goals and context.

The following pages present descriptions
of 15 professional development strategies.
Each discussion includes a description of
a program in which that particular strategy
plays a major role. The discussions also
include ways to put the strategies into
action and important issues to consider
when implementing the strategies.

The table on the preceding pages pro-
vides a summary of the 15 strategies, the
purposes of each, and how the strategies
relate to one another. References and
suggested readings are listed at the end of
Section II. Contact information for techni-
cal assistance providers and additional
programs and services is provided in
Section IV.

10

I MMERSION

Strategy
1: Immersion into Solving
Mathematical Problems

Immersion into solving mathematical prob-
lems is the structured opportunity to expe-
rience, first-hand, mathematics content
and processes. First, by becoming a
learner, teachers deepen their own under-
standing of the mathematics content that
they are teaching their students. Second,
by experiencing the processes for them-
selves, teachers are better prepared to
help students become active, engaged
mathematical problem solvers.

Using this strategy is based on the
assumption that teachers benefit from
experiences grounded on the same princi-
ples that they are expected to implement
with students. However, it is important to
note that teachers must become learners
by being challenged at their own level of
competence. By engaging in activities
appropriate for adult learners, rather than
doing student activities, teachers are able
to investigate mathematics content for
their own learning.

15



The Strategy
in Action

Immersion is an intensive learning experi-
ence that requires time for teachers to
focus on learning mathematics in depth.
They need to participate fully in the gener-
ation of compelling questions, conduct
investigations that allow them to make
meaning out of mathematical activities,
collect and organize data, make predic-
tions, measure and graph, and gain a
deeper and broader view of the mathemat-
ics concepts they are investigating. The
goal of these experiences is to engage
teachers in first-hand learning of what they
are expected to practice in their class-
rooms guiding students through
complex problem solving.

One of the most important elements in
making this strategy work is the involve-
ment of qualified instructors who have
used this technique successfully with stu-
dents. A second crucial component is a
commitment to long-term experiences.
Immersion experiences cannot be con-
ducted in one-time-only workshops.

One outcome from in-depth immersion in
the problem solving process is a change in
teachers' conceptions of the nature of
mathematics learning and teaching. As
teachers begin to see mathematics teach-
ing as less a matter of knowledge transfer
and more an activity in which a problem is
explored and the math content embedded
in it is investigated in depth, they see their
own role as teacher changing from a direct
conveyor of knowledge to a guide helping
students develop their own meaning from
experience.

Issues
to Consider

Even with extensive coursework in their
preservice programs, many teachers come
to the teaching of mathematics without
having had opportunities to engage in
complex problem solving themselves.
Although the benefits of immersion may
be well recognized, teachers with limited
time and programs with limited resources

may not be able to afford in-depth experi-
ences, opting for shorter term activities
using student learning materials.

Where immersion in solving mathematical
problems best fits into a learning
sequence is another issue. Some use the
strategy to initiate teachers into a new
view of mathematics. Others may choose
it as a more in-depth enrichment, once
teachers learn to use and are comfortable
with a set of materials for their students.

MI IMF
Immersion into Solving Mathematical
Problems is a key ingredient in

Summer Math for Teachers, located at
Mount Holyoke College. This intensive
summer program is based on the belief that
teachers must become mathematics learners
if they are going to teach for understanding;
that this best happens when they are chal-

lenged at their own level of mathematics
competence; and that they must be given
learning experiences based on the same
pedagogical principles as the ones they are
expected to implement with children
(Schifter and Fosnot, 1993). Participating
teachers have the opportunity to learn
mathematics and to discuss the experience
as well as the structure of the lesson and the
roles of the teacher and students. But, as
Schifter and Fosnot (1993, p. 26) point out:
"perhaps more important for [the teachers]
than their investigation of any specific con-

tent area is the process of active self-reflec-
tion. By analyzing together their experience

of the just-completed mathematics activity,

teachers begin to construct an understand-
ing of how knowledgP develops and the cir-
cumstances that stimulate or inhibit it." See
Section III (page 44) for more information

about how SummerMath for Teachers has
had an impact on the professional develop-

ment activities in the Northampton,
Massachusetts, School District.

Jill Bodner Lester
SummerMath for Teachers
Mount Holyoke College
South Hadley. MA 01075-1441
(413) 538-2654 / Fax: (413) 538-2002
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Strategy.
"2: Immersion into the

World of Mathematics

The majority of teachers have never had
an opportunity to actually "do" mathemat-
ics in a real-world setting. By becoming a
mathematician in a research environment,
teachers deepen their knowledge of math-
ematics and, as part of a research team,
develop skills in sharing and critiquing
mathematical information with other pro-
fessionals.

In quality research programs for teachers,
a product of the experience is a detailed
plan for extending experiences into the
classroom. Many programs offer teaching
materials, electronic connections, and
other networking facilities for continued
support. These experiences provide
teachers with the knowledge to "teach
beyond the textbook" and to simulate in
their classrooms the processes mathe-
maticians use to solve problems.

For their own professional growth, teach-
ers need to have authentic experiences
outside of the classroom. Most find that
becoming an active member of a research
team not only improves their content
knowledge but also prepares them for
leadership roles in their profession.

The Strategy
in Action

Immersion experiences with a mathemat-
ics research group have several important
components. The experience needs to be
intensive, allowing the teachers to learn
the content, process, culture, and ethos of
mathematics problem solving. Teachers
often select their own area of research
and are paired with a mentor mathemati-
cian, usually during an intensive summer
program.

All involved in the immersion experience
need to have open, frequent communica-
tion about the assignments and experi-
ences of the teachers. Teachers attend
seminars and read materials on the math-
ematics topics related to their research.
As part of their immersion into the profes-
sional community, teachers participate in
activities outside of their research that

12

enhance their experiences and contribute
to their knowledge base.

Most immersion programs encourage all
members of research teams to both indi-
vidually and jointly present their findings
and experiences at meetings and in jour-
nal articles. Programs also encourage
research team members to maintain com-
munication and view their mentors as
resources, in some cases inviting them to
visit their classrooms throughout the
school year. Other programs offer
reunions at regional or national confer-
ences, newsletters, and electronic net-
works.

Planning ways for teachers to bring the
experience back to their classrooms is an
important component of the program. An
expert in mathematics education must be
intimately involved in the experience so
teachers have guidance in creating action
plans to transfer what they have learned to
their students. Once they return to their
classrooms, teachers need support from
their school administrators to change
instructional practice. This may include
additional resources and materials, as well
as permission to deviate from the standard
curriculum. As always, the goal of quality
professional development is better educa-
tion as demonstrated by improved student
achievement.

Issues
to Consider

While an immersion experience can be
extremely rewarding for teachers, and
result in changes in classroom practice,
there are several pitfalls. First, mathe-
maticians sometimes prefer high school
teachers who already have degrees in
mathematics. This somewhat limits the
pool of teachers who can benefit from this
kind of experience.

Second, there is the question of the
degree to which teachers are able to
translate their internship experience into
the classroom. Some have been frustrat-
ed by a lack of materials and by col-
leagues and administrators who were
unwilling to change. One solution is the
development of partnership agreements
with school districts to implement changes
based on the teachers' research experi-
ence. Unfortunately, restricting participa-
tion to teachers in districts that develop

17



such partnerships also limits who is able
to benefit.

Another issue concerns the relationship
between mathematicians and teachers in
the research environment. At best it is
collegial, but there is always the danger
that teachers will be given repetitive tasks
with little explanation, or that they will
attend lectures with advanced mathemat-
ics content and might then try to pass on
the knowledge in a similar manner to their
students. This problem can be addressed
through careful orientation of mentors and
guidance in selecting teacher research
assignments.

Finally, since this is a "one teacher at a
time" professional development experi-
ence, it can be expensive, well over
$10,000 per teacher. Studies of the cost-
effectiveness are ongoing, as are explo-
rations of ways to reduce the cost and/or
reach more teachers. Some corporations
and businesses are working with universi-
ties and research facilities to create spon-
sored internships for teachers.

Immersion into the World of Mathematics is
exemplified by Project GEMMA (Growth in
Education through a Mathematical
Mentorship Alliance) in Dayton, Ohio. The
program brought together teachers and
administrators from school districts, mathe-
matics and science educators from universi-
ties, and professionals from several indus-
tries and businesses, including Wright
Patterson Air Force Base, which incorpo-
rated GEMMA into Project Wright
Connection. The purpose of the program
was to improve the mathematics education
of all students in the county's public
schools. Teachers discovered connections
between mathematics and science, engi-
neering, and other disciplines used in the
workplace. During the internship, each
teacher was assigned to a mentor to guide
him or her through the completion of a pro-
ject at the industry or business. The teacher
was expected to make a contribution, not
just be a spectator, while observing how
people in industry operate, what skills they
need, and how they use mathematics in their
daily work.

During the internship, teachers attended
seminars where they discussed their experi-

(continued)

ences in the workplace, the applications of
mathematics they learned, and how they
planned to share this with their students. As
a result of their experiences, they developed
a booklet of applications problems that they
piloted and revised during the school year.
In follow-up reunions, teachers reflected on
what they experienced during the internship
and what they transferred to the classroom
(Farrell, 1994).

Bobbi Skipton
Alliance for Education in Dayton
1595 Kettering Tower
Dayton, OH 45423
http.11www.wl.wpafb.almilisstoriesiss32_96.htm

CURRICULUM

Strategy
Curriculum
Implementation

Curriculum is the way content is designed
and delivered. It includes the structure,
organization, balance, and presentation of
the content in the classroom (National
Research Council, 1996). As defined
here, curriculum is a set of materials that
includes both content and instructional
guidelines. The "set" of materials may be
from one publisher or developer or may
have been selected from a variety of
materials organized by the school or dis-
trict.

Putting new curricula into practice in the
classroom can serve as a powerful profes-
sional development opportunity for teach-
ers. Through using a particular curriculum
with their students, reporting on what hap-
pens, and reflecting with others on differ-
ent ideas and activities, teachers learn
about their own teaching and their stu-
dents' learning (Ball, 1996).

Note that this strategy focuses teachers
on learning about the new curriculum and
how to use it not on researching,
designing, testing, and/or revising curricu-
lum, as will be described in Strategy 5,
Curriculum Development and Adaptation. 13



The Strategy
in Action

This strategy relies on teachers having
access to high quality curriculum materi-
als, developed by people with expertise in
content and pedagogy, as well as suffi-
cient resources and time to design, test,
and refine the materials for use in class-
rooms with diverse students.

Teachers and professional developers
need to work together to decide how the
curriculum will be used with students and
the milestones that will be met at different
points in the implementation process.
Over time, teachers need to be given dif-
ferent kinds of support, tailored to their
changing needs. Teachers share insights
with one another as they implement the
new curriculum. They also coach one
another, conducting classroom visits to
support the learning of both teachers and
students.

It is crucial that school officials acknowl-
edge that implementing curriculum takes
time, resources, and a commitment to
reform. In addition, the district must insti-
tutionalize the change by ensuring the
continued use of the curriculum after the
initial phases. Plans must be established
for ongoing professional development for
all teachers and support of new teachers
or teachers who change grade levels.

Finally, mechanisms for evaluation must
be developed. While data may include
information about student learning out-
comes, evaluation of the implementation
strategies are essential, especially in the
early stages. Teachers and professional
developers can then use this information
to adjust what they are doing.

Issues
to Co sicker

14

While virtually all schools implement new
curricula at some time, often they do not
organize the implementation in ways that
promote effective professional develop-
ment. It is not uncommon for curriculum
to be changed and teachers to have
opportunities for professional development
with no connection between the two.

Using curriculum implementation as a
vehicle for professional development com-
bines two major pieces of the system

curriculum and teaching so changes
will reinforce both. A second benefit is the
efficiency of teachers learning directly
what they need to teach. This contrasts
with the situation in which teachers learn
content and teaching strategies separately,
but they have no ready-made vehicle to
put these together in their classrooms.
Finally, this strategy is also beneficial
because it provides a focus for teacher
reflection.

On the other hand, professional develop-
ers must recognize the tension between a
mandate to implement a new curriculum
and teacher creativity. It is important for
teachers to know how much adaptation
they can do and still be viewed as imple-
menting the curriculum effectively. The
nature of acceptable adaptations requires
early and ongoing negotiation.

One additional danger with this approach
is that professional development support
will stop once (or before) the curriculum is
fully in place. This disregards the need
for continuous deepening of teacher
knowledge and skills. The mechanisms
for teacher reflection, sharing, assess-
ment, and adjustment should bdcome part
of the overall school routine.

Curriculum Implementation is an important
component of the QUASAR (Quantitative
Understanding: Amplifying Student
Achievement and Reasoning) Project. Since
1989, QUASAR has fostered the develop-
ment and implementation of enhanced
mathematics instructional programs for stu-
dents attending middle schools in economi-
cally disadvantaged neighborhoods across
the country. At each school site, mathemat-
ics teachers and school administrators col-
laborate with "resource partners" to imple-
ment an innovative mathematics instruc-
tional program for all students at the school
(Stein, Silver, & Smith. in press).

One QUASAR school, Portsmouth Middle
School in Portland. Oregon. designed a pro-
gram to implement Visual Mathematics
(VM), an innovative curriculum that embod-
ies many of the recommendations of the
NCTM Standards ( 1989). To prepare for
implementing the VM curriculum, all math-
ematics teachers received 60 hours of

19
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instruction to familiarize them with the
mathematical content and pedagogy of the
curriculum, as well as with issues related to
current mathematics reform. Following the
workshops, teachers also participated in
monthly, full-day staff meetings and contin-
ued to receive daily support, both from their
resource partners and, as they gained confi-
dence, from each other. For more informa-
tion on how this program coordinated the
use of a number of other Professional
Development Strategies, see Section III of
this publication.

Edward A. Silver
Professor of Mathematics
Education and Cognitive Studies
School of Education
Learning Research and Development Center
University of Pittsburgh
3939 O'Hara Street
Pittsburgh, PA 15260
(412) 624 -3231 / Fax: (412) 624-9149
E-mail: eas @vms.cis.pitt.edu

Strategy
4: Curriculum

Replacement Units

Curriculum replacement units are not
designed to supplement the existing cur-
riculum, rather they are coherent chunks
that provide an alternative experience with
traditional topics or irthyvii urn new topics
that are not currently part of the curricu-
lum. They illustrate the way state and
national standards documents say mathe-
matics should be taught. This strategy
offers a window through which teachers
can glimpse new teaching in action; with
this strategy, teachers can engage in dif-
ferent teaching practices without overhaul-
ing the entire program.

Replacement units are used for profes-
sional development in two ways. In the
first case, it is not intended that the units
be "adopted" or used over the long-term.
Rather, the units are used to stimulate
teacher reflection and understanding of
how content should be taught. The sec-
ond use of replacement units shares these
goals, but the intention is to replace the

entire curriculum, one or two units at a
time.

A key in this strategy is use of high quality
replacement units with a strong emphasis
on mathematics content. As Burns (1994,
p. 2) notes, quality replacement units in
mathematics "integrate important mathe-
matical topics and help students make
sense of mathematics; appeal to students
because the activities stimulate their think-
ing and imaginations and make mathemat-
ics interesting; appeal to teachers because
they have been tested in classrooms and
reflect input from teachers with experience
teaching them; offer clear teaching plans,
yet are broad enough to accommodate
teachers veering from the plans to follow
leads from students or add their own
ideas; provide direction for assessing stu-
dent understanding; allow for a span of
abilities and interests; encourage students
to communicate about mathematics, both
orally and in writing; and provide opportu-
nities for students to work individually and
cooperatively."

Criteria for selection of replacement units
include:

Units must teach important mathemat-
ics concepts in ways recommended by
the state and national standards;

Units must stand alone and require
only equipment and materials readily
available to the teacher;

Units must be grade-level appropriate
and accessible to a wide range of
ntl 'dente

The best replacement units are carefully
designed with sufficient investment of
money, time, and expertise. Given teach-
ers' limited time and resources, curriculum
units created by expert curriculum devel-
opers are usually better learning tools than
units teachers develop themselves. As
teachers learn how to implement replace-
ment units, they need to be grounded in
the theoretical and practical aspects of the
new teaching approach. This may involve
trying out the activities as learners, attend-
ing workshops where they can learn from
teachers experienced in the units, and
practicing the new techniques.

When teachers try out the units in their
own classrooms, they deepen their owner-
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ship of the new teaching strategies. Then
they need a chance to evaluate the impact
these practices have on students.
Opportunities for dialog deepen under-
standing and can motivate teachers to
broaden their application of the new
approach to other parts of their curriculum.

If teachers are expected to try out new
teaching practices in their classrooms,
they need assurance that experimentation
is supported by administration and par-
ents. Teachers also cannot be expected
to add new curriculum units to their
already over-loaded existing curriculum.
Something has to be abandoned so that
teachers can successfully implement
replacement units.

Issues
to Consider

Use of curriculum replacement units is a
cost effective approach to providing pro-
fessional development. However, no strat-
egy is without its disadvantages. One
disadvantage of replacement units is that
teachers may place too much emphasis
on the units and not enough on the learn-
ing experiences both theirs and their
students' that come from using them.
They often begin to teach the units without
examining how to make the new content
an integral part of their curriculum.

Another disadvantage of replacement
units arises out of teachers' enthusiasm
for them. In some cases, teachers
attempt to combine a series of replace-
ment units to create a whole curriculum.
This well-intentioned effort often results in
a curriculum that lacks scope and
sequence, conceptual flow, and coher-
ence. At other times, the replacement
units become simply supplemental activi-
ties and do not have the intended outcome
of improving student achievement.

Teachers who do begin to change their
teaching practices through using replace-
ment units and move toward integrating
them into the rest of their curriculum, often
experience a major stumbling block: find-
ing quality instructional materials that
incorporate effective teaching practices.
In the absence of new materials, individual
teachers seek to modify and adapt the
existing curriculum. This desire for new
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instructional materials brings to the fore-
front other professional development chal-
lenges: how to help teachers ensure that
appropriate skills and concepts are still
presented to the students and how to eval-
uate commercially produced materials to
select those that are appropriate for their
students and also incorporate the new
content and teaching practices.

The California Mathematics Renaissance
Network has used Curriculum Replacement
Units to improve the teaching of mathemat-
ics in middle schools throughout the state.
During the 1994-95 school year, more than
1,500 teachers from some 400 middle
schools engaged in the program's year-
round professional development opportuni-
ties. The focus is on discussing mathemat-
ics reform, experiencing hands-on mathe-
matics, learning how to teach new state-of-
the-art curriculum replacement units, and
exploring the conditions that create oppor-
tunities for learning. Inherent in the profes-
sional development strategy of using
replacement units is Mathematics
Renaissance leadership's belief that:
"teachers must experience reform in their
own classrooms and have opportunities to
grapple with the difficulties that arise.
Focusing the talk on [replacement units]
has been particularly helpful to the process.
Teachers have attended unit workshops and
then taught the units while cluster leaders
observed them. They've brought questions.
concerns, and successes to their cluster
meetings and shared their students' work
with their colleagues. Their experience
with alternative curricula has prompted
examination, inquiry, and collaboration.
This approach has allowed teachers to be
exposed to big mathematical ideas in coher-
ent, practical-sized chunks pieces small
enough to seem manageable to even the
most reticent" (Acquarelli & Mumme, 1996,
p. 482).

Judith Munime, Director
Mathematics Renaissance
Ventura County School Sciences Office
570 Airport Way
Camarillo, CA 93010-8500
(805) 388-4420 / Fax (805) 388-4427
E-mail: jmumme@cams.edu
or JMarlet@cains.edu
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The Strate

StV to g y
: Curriculum Development

and Adaptation

In the past, the goal of curriculum develop-
ment has been simply to create a new cur-
riculum that will then be implemented with-
in a mathematics department. More and
more, curriculum development and adap-
tation are being viewed as effective strate-
gies for professional development.

In this strategy, the term "curriculum"
refers to content-specific materials used in
classrooms as well as the articulated con-
tent matrix that identifies the concepts to
be addressed at each grade level.
Curriculum adaptation refers to the
process of taking existing curriculum mate-
rials or content matrices and modifying
them to more fully meet the needs of
everyone involved.

This strategy is based on the assumption
that those closest to the level of imple-
mentation are well suited to develop cur-
riculum. Teachers come to the table with
a wealth of knowledge that prepares them
to develop or adapt mathematics curricula.
Through the curriculum development
process, teachers increase their content
and pedagogical knowledge and reflect on
their teaching.

Development or adaptation of parts of a
curriculum also contribute to teacher learn-
ing because these activities cannot be
accomplished unless teachers think
deeply about how [he specific section fits
into the broader goals of the entire curricu-
lum. They need to understand state and
local frameworks, national standards, the
appropriateness of content and concepts
presented at each grade level, and the
sequence of other topics offered in each
grade level.

gYri Act lo

For this strategy to be most effective it
must provide numerous opportunities for
teachers to learn from others with exper-
tise outside the classroom. As teachers
work together on a mathematics curricu-
lum, they engage in research, collaborate
with experts in relevant fields, and develop
networks with peers and experts. In many

cases, mathematicians are active partici-
pants with teachers in the process of
developing or adapting curriculum, adding
to teachers' opportunities to learn.

Most curriculum development or adapta-
tion efforts begin with specific guidelines,
ideally designed by all involved. Teachers
and administrators set clear goals, define
products, and develop an effective time-
line. Everyone also must understand the
district standards or curriculum framework.
The next step is evaluating current prac-
tices, assessing what is needed, determin-
ing implementation procedures, and identi-
fying a process for evaluating the final cur-
riculum.

Administrators must encourage the cur-
riculum development process by providing
time and incentives for teachers to partici-
pate, ensuring access to resources and
experts, and supporting long-term
improvement of the curriculum that is ulti-
mately developed. It is also essential that
teachers are given the authority to imple-
ment the curriculum they develop or
adapt.

Curriculum development or adaptation is
most successful as professional develop-
ment for teachers when it is voluntary.
Developing and adapting curricula are
complex and intensive tasks in which
teachers need to choose to participate.

Issues
to C sWer

Before choosing this strategy, profession-
als developers must realize that teachers
usually do not have the time to devote to
the intensive process of developing cur-
riculum researching, writing, piloting,
revising, field testing, and revising again.
Most frequently, teachers are available
only during the summer months for such
an intensive effort. While adapting an
existing curriculum is a more reasonable
task for a summer, this process is better
conducted over even a longer period.
Without time to reflect on the work, the
professional development benefits of writ-
ing and adapting curricula are limited and
the effort becomes one of simply creating
a product.

A separate issue is expertise. Many argue
that teachers are not the most qualified to
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develop curriculum. Although teachers
often know what teaching and learning
strategies are effective in a classroom,
how children best learn content, and what
content is age-appropriate at certain grade
levels, some experts believe that they do
not have the "big picture" perspective on
the overall curriculum. Nor do they have
specialized expertise of instructional
design and curriculum planning, plus the
deep mathematics content knowledge
needed to craft a full sequence of learning
experiences that build across grade levels.
It is certainly possible for teams of teach-
ers from across grade levels to collectively
possess sufficient knowledge that, when
given time and access to resources, they
can be effective in designing a curriculum.
The issue is not whether this is possible,
but whether starting curriculum develop-
ment from scratch is the best use of limit-
ed resources. This is certainly where cur-
riculum adaptation has advantages over
development. And, in either case, profes-
sional learning occurs during the process.

Curriculum Development and Adaptation is
used as a professional development strategy
in the Systemic Initiative for Montana
Mathematics and Science (SIMMS) Project.
The initiative has nine major objectives,
including the redesign of the grade 9-12
mathematics curriculum using an integrat-
ed mathematics program that emphasizes
the relationship among topics within mathe-
matics, as well as between mathematics and
other disciplines. The curriculum is writ-
ten, revised, and reviewed by high school
teachers of mathematics and science and is
designed as a complete curriculum to
replace existing courses. The materials are
divided into 16 modules, each addressing
the integration of mathematics topics.

A significant component of the curriculum
development activities in the SIMMS
Project is professional development.
Teachers attend intensive, week-long sum-
mer institutes. In developing curriculum,
participants select from among three
strands: mathematics as a lab discipline.
assessment, and the T3 model (Teachers
Teaching with Technology).

(continued)
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For more about the program:
Gary Bauer, Director
SIMMS 1M Dissemination Project
401 Linfield Hall
Bozeman. MT 59717-0281
(406) 994-7066
(800) 693-4060
E-mail: gbauer@math.montana.edu
or
Johnny W Lott
Department of Mathematical Sciences
University of Montana
Missoula, MT 59812
(406) 243-2996 / Fax (406) 243-2674
E-mail: majwl @selway.umt.edu

To order the curriculum:
Simon & Schuster Custom Publishing
2055 S. Gessner, Suite 200
Houston, TX 77063

(888) 339-0529 / Fax: (713) 978-7481

EXAMINING PRACTICE

Str2tegy
6: Action Research

First introduced by Kurt Lewin in the
1940s, action research has evolved into
an ongoing process of systematic study in
which teachers examine their own teach-
ing and students' learning through descrip-
tive reporting, purposeful conversation,
collegial sharing, and reflection for the pur-
pose of improving classroom practice
(Miller & Pine, 1990).

The emphasis of action research is on
practice-based professional inquiry. Its
main tenet is that practical problem solving
in the classroom is adequate for generat-
ing knowledge and that the natural lan-
guage of teachers is suitable for reporting
action research findings. (Duckworth,
1986).

Holly (1991) notes that "... action research
as a major form of professional develop-
ment, is now seen as central to the
restructuring of schools" (p. 133). The
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strength of action research as a profes-
sional development strategy is that teach-
ers either define the research questions or
contribute to their definition in a meaning-
ful way. Therefore, the teachers are com-
mitted to promoting changes indicated by
the findings.

The form of the action research can vary.
Sometimes teachers work together in
inquiry teams or with other researchers,
often from universities. Other times, indi-
vidual teachers pursue their own research
studies, with opportunities to discuss find-
ings with fellow teachers or researchers.
Still other variations have teachers exam-
ine relevant research, which is then used
as a basis for collecting and analyzing
data from their own classrooms (Loucks-
Horsley, Harding, Arbuckle, Murray,
Dubea, & Williams, 1987).

Action research assumes that knowledge
about teaching and learning should be
determined in part by what teachers and
students actually do (Miller & Pine, 1990).
Direct teacher involvement with research
will increase the likelihood that they will
use research results. It gives teachers the
power to make decisions and puts them in
the position of accepting responsibility for
their own professional growth (Miller &
Pine, 1990; Sparks & Simmons, 1989;
Wood, 1988).

The Strategy
m Ac0 n

This strategy requires that teachers use
an action research cycle of planning, act-
ing, observing, and reflecting. Teachers
identify a subject of research and develop
a plan of action, often in collaboration with
others. Data are collected by observation,
anecdotal records, checklists, videotaping,
logging, collecting children's work, inter-
viewing, and surveying, among other tech-
niques. Data are analyzed and used to
inform further planning and subsequent
action.

As in all research, effective action
research projects build on available knowl-
edge, rather than recreating it. Individuals,
such as university researchers, offer
expertise on the knowledge base and on
research methodology to help teachers to
ensure the quality of their research (Holly,
1991). In the process of conducting an
action research project, teachers gain

knowledge and skill in research methods
and applications (Lieberman, 1986; Miller
& Pine, 1990; Oja & Smulyan, 1989).

Sharing the results of action research can
make a significant contribution to profes-
sional development. Opportunities to write
about a project, to present findings to vari-
ous audiences, to participate in discus-
sions of the implications, and to develop
materials that other teachers can use are
just some of the ways that teachers can
increase their skills and knowledge
beyond what they learn from the action
research itself (Loucks-Horsley et al.,
1987). Assisting teachers to identify the
best vehicles for sharing is an appropriate
role for the professional developer.

Issues
.Ro Consodep

One of the most serious issues facing the
action researcher is the significant quanti-
ties of time needed to observe how differ-
ent strategies work with different students
and under different circumstances.
Teachers deserve to be recognized for the
time spent in action research projects and
have it count toward district or state pro-
fessional development or recertification
credit. Teachers and administrators can
examine the school schedule to find com-
mon time for teachers to work together on
a research project, during the day, if possi-
ble.

Another issue is the lack of recognition for
professional development that is not in the
form of institutes or workshops. Both
administrators and participating teachers
can show support by publicly acknowledg-
ing the value of action research. Teachers
can help convey the importance of their
projects by providing regular updates to all
staff on their progress.

Finally, not all teachers are ready to serve
as action research participants. Teachers
differ widely in their priorities and interests
and these change over time. Teachers
who are struggling to get new practices
working may not be ready to collect data,
then step back and reflect on them.
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Action Research became an important pro-
fessional development strategy for Barbara
Shelley, a teacher from the Westhill School
District, New York. She was implementing
the use of computers in her mathematics
classes and wanted to look at how student
interactions within small groups affected
student learning. Shelley notes, "Action
research lends itself to classroom use
through professionally inquisitive teachers.
When this happens, the classroom becomes
a learning environment for the teacher as
well as the student. It involves doing what
comes naturally to teachers, questioning
classroom practices."

Her action research project led to a large
National Science Foundation Small Grant
for Exploratory Research (SGER) which, in
turn, led to a $650.000 NSF Teacher
Enhancement Grant: Mathematics
Teacher/Researcher Collaboration for
Collaboration in the Classroom (MTRC3),
co-directed by Shelley along with Nancy
Zarach, an urban high school teacher, and
Patricia Tinto, a Syracuse University
researcher: To date, the project has brought
action research to 36 secondary mathemat-
ics teachers in 15 rural, suburban, and
urban districts in Central New York

For more information about these and other
action research projects, visit the TeachNet Web
site:
http://www.teachnet.org/docs/shelley2.htm

Stmt
Y7: Case Discussions

Cases are narratives in print or on video-
tape that offer a picture of a teaching or
learning event. They are not simply sto-
ries about teaching or learning but are, as
Shulman (1992) states, focused on a
teaching dilemma, student engagement in
mathematics investigations, images of stu-
dent thought processes, or teaching
strategies in action. The classroom video-
tapes in the Resource Kit developed to
share the results of the Third International
Mathematics and Science Study (TIMSS)
are powerful examples of videos that can
be used to evoke deep reflection on
instructional practice (U.S. Department of
Education, 1997).

The process of reflecting on students'
thinking and learning through case discus-
sions often results in teachers trying out
the ideas or activities contained in the
cases in their own classrooms (Barnett,
1991; Davenport & Sassi, 1995; Schiffer,
1994). The vivid images of students in the
cases prompt teachers to wonder about
the thinking of their own students. Case
discussions can also be a powerful tool for
helping teachers examine their own teach-
ing practices. In these instances, cases
typically convey a contextual dilemma, as
well as the internal struggles of the case
teacher (Schiffer, 1996).

Additionally, when teachers confront math-
ematics issues through the lens of stu-
dents' perspectives, they often deepen
their own content knowledge (Schifter &
Bastable, 1995). As teachers reflect on
students' approaches, they begin to think
through the mathematics again for them-
selves, often seeing new aspects of famil-
iar content and expanding their own
understanding (Russell et al., 1995).

Cases can present complete stories that
describe how the case teacher addressed
the dilemma (Schiffer, 1996). Others end
instead with a series of open-ended ques-
tions. Some convey the complexity of
teaching (Merseth, 1991), while others
focus on discrete instances of teaching.
Finally, some cases are grouped into clus-
ters based on similar themes. Examining
clusters of cases requires teachers to
grapple with the theme in different con-
texts (Barnett & Friedman, in press).

Case discussions provide a more focused
picture of a specific aspect of teaching or
learning than one could observe in real-
time in the classroom. Often, observers in
a classroom focus on management and
miss opportunities to address specific
teaching or learning episodes. By using
cases, participants focus on the same situ-
ation and have the immediate opportunity
to reflect specifically on those experiences
during the case discussion.

Whatever the focus of a case, all case dis-
cussions share common goals: to deepen
teachers' fundamental understanding
about teaching and learning; to provide
opportunities for teachers to become
involved in critical discussions of actual
teaching situations; and to encourage
tners to become problem-solvers who



pose questions and examine alternative
solutions (Barnett & Sather, 1992;
Shulman & Kepner, 1994).

The Strategy
in Action

Case discussions require a knowledgeable
facilitator who prompts reflection by case
discussants. Facilitators must have a
deep understanding of the mathematics
content illustrated in the cases. In addi-
tion, they must have the skill to turn dis-
cussions that are intellectually stimulating,
and challenging at times even con-
frontational into supportive and ulti-
mately useful dialogs. Handbooks and
training opportunities are available to help
facilitators develop these skills (see the
Reference list at the end of Section II as
well as Section IV: Technical Assistance).

It is also essential that case discussion
groups create an atmosphere of learning
and trust. Since participants rely on dis-
cussion to tease out insights, they and the
facilitator need fairly sophisticated commu-
nication skills to challenge assumptions,
understand different perspectives, and dig
deeply into underlying structures that sup-
port mathematics teaching and learning. If

participants do not have experience with
this type of dialog, they need coaching by
the facilitator before beginning their case
discussions.

Another key component is the use of rele-
vant and recognizable cases. Although
sou ucteo depict sift cations thnt. reflect

the "ideal image" of what teaching and
learning can look like, teachers need, at
least initially, to be able to identify aspects
of their own teaching within a case. Once
teachers feel a sense of connection with a
case, they can delve deeper into how the
situation is related to their own teaching
approaches. Some cases will present
notions that conflict with the beliefs of the
teachers. "Wrestling with the resulting dis-
equilibrium" leads to changes in teachers'
thinking (Barnett & Sather, 1992).

Not only is participating in case discus-
sions a powerful professional development
strategy, but the process of writing cases
also enhances teachers' development.
Usually, teacher-writers follow a structured
case development process that progress-
es from identifying an issue of concern to

collaborative work with an editor who
helps turn the narrative into a case that
has benefits for a larger audience. Most
teachers who have written cases report
that the writing process has a strong
impact on their professional lives
(Shulman & Kepner, 1994).

Issues
to Consider

One question currently being asked is
whether case discussions must be con-
ducted face-to-face, or whether they can
be done electronically. Bank Street
College conducts successful electronic
case discussions as part of their telecom-
puting courses. (This program is dis-
cussed in detail in Strategy 14, Technology
for Professional Learning.) On the other
hand, there is good reason to argue that,
because they often challenge teachers'
deeply-held beliefs, case discussions are
best conducted in person. The face-to-
face dimension can be critical in establish-
ing rapport and communicating disagree-
ments in constructive ways. Preserving
these benefits via electronic means pre-
sents a considerable challenge.

Another issue is whether being part of a
discussion group is essential for this strat-
egy. Although teachers can certainly learn
many things from reading cases on their
own, many of the real benefits derive from
the group process itself. It is difficult, if not
impossible, to throw oneself into the kind
of disequilibrium Barnett and Friedman (in
press) have shown to be the essential first
step to changing beliefs and practices. In

addition, the diverse contributions of the
group are what determine the unique
nature of each case discussion.

The question of whether unfacilitated dis-
cussions are as effective as those that are
facilitated is another critical issue. The role
of the facilitator in many case approaches
is more than that of a guide. Particularly
in those instances where the approach
includes published case facilitation guides
or notes, the facilitator can be responsible
for encouraging the group to address cer-
tain issues raised in the guides. Without a
facilitator, some of these issues might be
left unexamined.

Finally, people who use case discussions,
and especially those who write their own
cases, need to be concerned about the

26
21



22

confidentiality and ethics involved in this
strategy. Case discussions need to be
treated like cases in other professions,
such as health, law, and social services.
Participants must ensure that materials
such as videotape, print descriptions, and
pictures are used with consent and that all
materials viewed are kept confidential by
the group (Kleinfeld, undated).

Cases and their discussion are the focus of
the Mathematics Case Methods Project at
WestEd in San Francisco. The project aims
to build the capacity of teachers to make
informed strategic decisions that anticipate
student thinking through the development
and analysis of mathematics cases. The
cases are accounts of classroom experi-
ences written by teachers; in each case, the
teacher is perplexed by students' responses
or by the results of an assessment task
(Barnett & Friedman, in press). Included in
the cases are descriptions or samples ofstu-
dent work or dialogues. After reading a
case, teachers discuss issues raised in a ses-
sion guided by a facilitator, a teacher with
case discussion experience who has been
formally prepared to facilitate the sessions.
Barnett and Friedman identify many out-
comes from teachers' participation in case
discussions. Cases provide a powetfiel stim-
ulus for changes in teachers' beliefs about
how mathematics should be taught; they
lead to improvement in teachers' mathemat-
ical content knowledge; they increase the
complexity of teachers' pedagogical content
knowledge; and they lead to changes in
teachers' classroom teaching practices.

.V1athentatics Case Methods Project
Came Barnett
WestEd

730 Harrison Street
San Francisco, CA 94107-1242
(510) 587-7329 / Fax (510) 587-7373
E-mail: cbamet@wested.org

Strategy
8: Examining Student Work

and Thinking, and
Scoring Assessments

"Real student work gives teachers a start-
ing point for conversations that get to the
essence of what happens in classrooms.

Samples of student work are concrete
demonstrations of what is known and what
is not known" (Evans, 1993, p. 72). Using
the professional development strategy of
examining student work and thinking, and
scoring assessments is based on several
assumptions about teaching, learning, and
professional development.

The closer a professional development
opportunity brings teachers to student
learning, the better. This philosophy is in
contrast with professional development
that focuses on teaching practices.
Examining student work focuses teachers'
attention on the consequences of their
teaching and demonstrates discrepancies
between what teachers believed they were
teaching and what students appear to
have learned (Driscoll & Bryant, in press).

It stands to reason that more learning
occurs when teachers confront real prob-
lems. Such is the case with student work
and assessments, which teachers use to
judge the quality of learning and, in some
cases, teaching. As Ball and Cohen
(1995) indicate, there is value in using a
real task of practice as a context for
learning.

There are many who see this strategy as
the most powerful way to help teachers
improve their practice. Clearly, it is totally
"authentic" in that teachers work with prod-
ucts of student thinking and study closely
the very thing they are responsible for
improving. As professional development
becomes more results oriented, there is
no better way to focus on learning.

The Strategy
icto

The availability of student work may make
this appear to be an easily applied strate-
gy for professional development.
However, professional developers need to
keep in mind that student work samples
should be varied in their nature and quali-
ty. Rather than consisting of short
answers, the samples must include stu-
dents' explanations of their thinking (e.g.,
why they answered the way they did).

The focus of teachers' discussion of stu-
dent work may vary. Sometimes disap-
pointing student performance on a stan-
dardized test will give teachers a com-
pelling reason to examine the actual
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examination questions and their students'
answers. At other times, teachers might
discuss examples of student classroom
work that puzzle them. In some situations,
teachers may begin with a rubric supplied
by others to apply to a set of student work
or may take the opportunity to develop
their own rubric through examining student
answers. Or, the focus for a discussion
may be a videotape of children's explana-
tions of their understanding of a problem
or situation.

Although individual teachers can certainly
examine student work on their own, there
is power in discussing the work as a team.
As elementary teacher Christine Evans
(1993) points out, working together greatly
enhances the process. Across her teach-
ing group, ideas differed about the mathe-
matics, the tasks, and particular students.
Together they began to develop shared
standards that could guide their collective
efforts. Creating a supportive environment
allows teachers to work with each other
and examine their own values notes
Rebecca Corwin (1997, p. 187), "...doing
mathematics together in a responsive
group creates a safe professional commu-
nity in which to explore issues and raise
questions about both mathematics and
pedagogy."

The guidance of an expert with deep
mathematics content knowledge is espe-
cially important in this strategy. Often,
understanding what students are thinking
by analyzing their written work requires
substantial knowledge of the mathematics
topic. Simiiariy, if students' responses on
standardized tests or the effectiveness of
the tests themselves are being examined,
it is helpful to have the guidance of some-
one with experience in assessment.

Issues
to Consider

It is useful to think about how this strategy
can be combined with others to optimize
professional learning. For example, teach-
ers implementing a new curriculum can
bring examples of student work to follow-
up sessions. Case discussions can (and
often do) relate to student work, with
teachers analyzing in some depth what
students did and what teachers can learn
from that. Action research and peer
coaching can pay special attention to

observations of students talking to each
other, or working on problems or investiga-
tions and questioning them about what
they are doing and why. Video cases of
teaching, including CD-ROMs, can be
accompanied by student work, so viewers
can get a deeper understanding of what
students are learning.

The most important aspect of this strategy
is that teachers develop for themselves
the ability to understand the content stu-
dents are struggling with, and ways that
they, the teachers, can help. Pedagogical
content knowledge, that special province
of excellent teachers, is absolutely neces-
sary for teachers to maximize their learn-
ing as they analyze student work.

An example of how teachers can use the
examination of student work as a profes-
sional development strategy is seen in
Project IMPACT a collaboration between
the University of Maryland at College Park
and Montgomery County Public Schools,
Maryland. The Project focuses on helping
teachers identify and build on students'
existing knowledge through close examina-
tion of student work (Campbell & Robles,
1997). During summer programs, teachers
explore how a classroom activity might
facilitate a child's re-examination of an
important mathematical idea. Teachers
also write questions that they could ask of
students to determine what mathematical
ideas the children formed as they completed
the activity. To encourage teachers to trans-
fer what they themselves have learned to
their students, they are challenged to define
a task that would address the same mathe-
matical topic at a level appropriate for their
students. For another example of this strat-
egy, see the profile of the Award-Winning
Professional Development Program at
Woodrow Wilson Elementary School, in
Manhattan, Kansas, described in Section

Project IMPACT
University of Maryland at College Park and
Montgomery County Public Schools. Maryland
Patricia Campbell
2226 Benjamin Building
Department of Curriculum & Instruction
College Park. MD 20742-1175
(301) 405 -3129 / Fax (301) 314-9055
E-mail: pc2@umail.umd.edu
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COLLABORATIVE WORK

Strategy,
Study Groups

Topics addressed in study groups vary
from mathematics content knowledge to
current issues in mathematics education to
whole school reform. Groups may be
composed of small numbers of teachers
interested in pursuing a topic together or
entire school faculty addressing broad
reform issues. Regardless of the topic,
study groups provide a forum where
teachers can address issues that impact
student achievement.

Use of this strategy is based on the
assumption that teachers have the knowl-
edge, skills, and desire to design study
groups that best meet their own needs
and those of their students. Addressing
issues related to their own classrooms
allows teachers to develop new practices
directly related to their local contexts.
Unlike professional development experi-
ences designed by others, study groups
provide a forum where teachers can
address issues that embody central values
relevant to their own students' learning
(Little, 1993).

Teachers' participation in study groups
helps create a community of learners that
promotes continuous improvement as a
way of life in the school. Moving out of
classroom isolation to share ideas with
peers in a supportive group fosters a
sense of professionalism among teachers.
Study groups also provide an opportunity
for teachers to develop a common lan-
guage to reflect on classroom instruction
and the needs of their students.

The Strategy
gn AWN n
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One of the primary elements of this strate-
gy is that groups are organized around a
specific topic of importance to the partici-
pating teachers. For example, grade-level
teachers might form a study group to learn
more about assessing their students'
understanding of mathematics concepts.
Over a period of time they might meet to
discuss research they have read, critique
different types of assessments, or invite

district personnel to join the group to dis-
cuss assessment requirements and how
they affect classroom practice.

Makibbin and Sprague (1991) suggest four
models for structuring study groups.
1. The implementation model is designed
to support teachers' use of techniques
recently learned in workshops or other
short-term sessions.
2. The institutionalization model is used
once teachers have already implemented
new practices in the classroom and want
to continue refining these practices.
3. Research-sharing groups are organized
around discussions of recent research and
how it relates to classroom practice.
4. Investigation study groups are a way for
teachers to identify a topic they would like
to research.

Like most other strategies for professional
development, participating in a study
group requires time. Some suggest a min-
imum of at least once a week over a peri-
od of several months (LaBonte, Leighty,
Mills, & True, 1995; Murphy, 1992, 1995).
It is critical that groups keep a regular
schedule of consistent contact.

Success of study groups requires direct
support from school administrators, not
only for the time for the group to meet, but
also support for the endeavor itself.
Administrators send a clear message of
the importance of professional develop-
ment for teachers if time is set aside dur-
ing the school day for study groups to con-
vene. Administrators can also offer sup-
port by providing access to additional
resources, such as new technology or out-
side experts.

Most groups use a variety of activities,
including reading and discussing research,
attending workshops, or inviting experts to
work with the group. Some groups imple-
ment new practices in their classrooms
and use the study group time to analyze
the experience, both for themselves and
their students.

As with other strategies organized around
cooperative work, group interaction skills
are important. Successful groups have
members who are committed to accom-
plishing a common goal; work to create an
environment of trust; believe that each
member brings something unique to the
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group; value risk-taking and creativity; are
able to plan and implement change; share
leadership of group processes; and are
comfortable with consensus decision-mak-
ing procedures.

Issues

Teachers forming study groups need to
identify a topic that is "complex and sub-
stantive enough to hold the group together
while individuals are developing the skills
of working together as a cohesive group
and developing trust and rapport" (Murphy,
1995, p. 41). Teachers just embarking on
collaboration with their peers will need
time to become comfortable with the
process. If the initial topic is too narrow,
the group may find itself moving from topic
to topic without really reflecting on what
they are learning.

Because this strategy necessarily involves
teachers in reflection outside of the class-
room, it is difficult to sustain study groups.
However, once study groups "take hold" in
a school, teachers enthusiastically support
their continuation. Administrators come to
recognize their benefit as a way to build
ownership and commitment by a broader
school community.

Study Groups became an important profes-
sional development strategy for /0 elemen-
tary teachers in Cleveland. Teachers inter-
ested in enriching their classroom practice
were asked to join the group, which they
called Journeys. Members expressed a sin-
cere commitment to the goals of the study
group and clearly displayed a desire to
explore their teaching more deeply.

The Journeys group convened regularly for
four years. Initial sessions were more
social than intellectual, helping members to
develop an environment of mutual trust and
understanding. Over the four years. their
goals varied: to connect theory and prac-
tice; to conduct classroom-based action
research: to intensely study issues in
inquiry-based teaching, coaching, and men-
toring, constructivism, and assessment: to
get involved in professional organizations at
the local, state, and national levels: and to
apply the vision and goals of the national
standards to the classroom.

(continued)

In addition to what they learned in their
study group, the Cleveland teachers joined
local, state. and national organizations, and
attended and presented at these organiza-
tions' conferences. The group was selected
to be involved in a multi-state portfolio pro-
ject focused on assessment. Most members
have started study groups with other teach-
ers. Journeys members continue in their
professional growth and learning: "We

believe that we have begun to discover the
meaning of life-long learning" (Badders et
al.. 1996, p. 3).

The Journeys Group
Bill Badders, Study Group Team Leader
1157 Sylvania Road
Cleveland, OH 44121
(216) 361-4735
E-mail: bbadders@wviz.org

Coaching and Mentoring

Coaching and mentoring are professional
development strategies that provide one-
on-one learning opportunities for teachers.
Coaching is often thought of as a peer
activity support between teachers who
have equal competence while a mentor
is an experienced professional who guides
a colleague with less experience.

Traditionally, coaching focused on class-
room observations and use of a preconfer-
ence-observation-postconterence cycie.
Recently, the concept of coaching has
broadened to include other activities such
as co-planning instruction, developing
materials, and discussing the impact of
teacher behavior on students (Showers &
Joyce, 1996).

Mentors can play the roles of teacher,
coach, role model, sponsor, protector, and
opener of doors. The literature on mentor-
ing beginning teachers is substantial;
research indicates that effective mentoring
programs can lower the attrition rate for
new teachers, significantly decreasing the
length and trauma of their induction period
into the profession (Newton, Bergstrom,
Brennan, Dunne, Gilbert, Ibarguen, Perez-
Selles, & Thomas, 1994).
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Sometimes mathematicians can be men-
tors for teachers, helping them develop
deeper understanding of the content and
enabling them to insert examples of real-
world applications in their lessons. On the
other hand, it is important to recognize
that experienced teachers are competent
professionals whose observations are
valuable sources of knowledge for other
teachers.

The Strategy
/Ag.\,:aT]
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This strategy requires special skills in
observation and communication.
Sophisticated training programs are avail-
able to help coaches and mentors under-
stand the principles of adult learning, con-
flict resolution, and the change process.
While good coaches and mentors from
any discipline can help teachers become
better inquirers into the dilemmas of
teaching, they can be of much greater
assistance if they know the specific con-
tent being taught.

Coaching and mentoring are most suc-
cessful when teachers agree that they will
work on examining particular problems.
Sometimes this is as focused as tallying
the number and kinds of questions teach-
ers ask of different students to understand
gender or cultural biases. Other times the
focus is more general, such as techniques
used to manage materials.

Obviously, for coaching and mentoring to
work, teachers need opportunities to inter-
act with each other. Just having time for
classroom observations without the
chance to talk before and after defeats the
purpose. While a novice teacher may pick
up some tips by sitting in on a lesson, a
follow-up discussion of what was done,
why, and with what impact is critical for
true understanding.

Because of the personal nature of coach-
ing and mentoring, a climate of trust, colle-
giality, and continuous growth are
absolutely necessary. The ability to fail
and learn from failure, to acknowledge
both strengths and weaknesses, and to
build improvement strategies on both, is
best acquired with the help of a "critical
friend" (Costa & Kal lick, 1993).

Building this level of trust can only happen
if interaction occurs with some regularity,

so that suggestions can be tried and
reflections on their impact shared.
Coaching and mentoring pairs need to
build an understanding about each other's
knowledge of teaching, learning, and con-
tent, and what each can do with students
in classrooms. Administrators need to rec-
ognize the importance of mentoring and
coaching relationships and to nurture the
building of a learning community in the
school (Garmston, 1987; Showers &
Joyce, 1996).

Issues:

Norms of isolation and privacy work
against many teachers' willingness to
open their classrooms to scrutiny.
Acceptance of coaching is enhanced if ini-
tial observations focus on a nonthreaten-
ing question before moving to more chal-
lenging issues about teaching and learn-
ing.

Finding time for making and discussing
classroom observations is a problem with-
in a typical school schedule. Creative
solutions include hiring a roving substitute
for the day to relieve the observing teach-
ers one after the other, rearranging plan-
ning times, team teaching, and taking
advantage of administrators to work with
students while teachers meet (Joyce &
Showers, 1987).

Some people believe that mathematics
teachers need assistance from outside
their schools, delivered by trainers, pro-
gram developers, and mathematicians.
The critical and specialized knowledge
that experienced teachers have peda-
gogical content knowledge is not val-
ued (Shulman, 1987). Yet it is this very
knowledge that helps teachers understand
what their students need.

Teachers Empowering Teachers:
Computers in Geometry Classrooms is a
coaching and mentoring program at Saint
Olaf College in Northfield. Minnesota. The
project's main goal is to help geometry
teachers develop the knowledge. skills. and
confidence necessary to use computer-
based tools in their classrooms (Wallace.
Cederberg. & Allen. 1994). The project is
designed around an expanding network

(continued)
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model: from college instructors, the net-
work expands to master high school geome-
try teachers, then to less experienced teach-
ers, and finally to colleagues in each
teacher's school. Experts at each level work
closely with teachers in the next level, serv-
ing first as a mentor, then as a coach, and
finally as a colleague. As coaches and men-
tors, teachers serve as classroom assistants,
facilitators of discussion groups, instructors
during workshop sessions, observers during
classroom teaching, and collaborative
peers during lesson development. They also
conduct simulated classroom sessions
where they model the teaching of geometry
lessons that incorporate computers. Each
level of the network provides unique oppor-
tunities for teachers to serve as mentors and
coaches in these various roles.

Teachers Empowering Teachers
Computers in Geometry Classrooms
Saint Olaf College
1520 St. Olaf Avenue
Northfield, MN 55057
hapilwww.stolafedu

S2F8Aegy
11:Partnerships with

Mathematicians in Business,
Industry, and Universities

The types of partnerships between teach-
ers and mathematicians working in busi-
ness, industry, and universities are as
diverse as the individuals involved. One
form of partnership teachers immersing
themselves in the world of mathematics
has already been discussed (Strategy 2).
The partnerships discussed here involve
mathematicians coming into the world of
the teacher: mathematicians serving as
mentors; working side-by-side with teach-
ers as resources for understanding con-
tent; participating in the design and evalu-
ation of curriculum materials; or sitting at
the table during strategic planning.

Partnerships for professional development
are based on the assumption that the
quality of mathematics teaching and learn-
ing is the responsibility of the entire com-
munity, not just the schools. Partnerships,
to be effective, must truly be two-way

exchanges. Mathematicians and teachers
have equal but different roles to play.
Their joint efforts are based on a mutual
belief that each can make important contri-
butions to the effort (Loucks-Horsley,
Harding, Arbuckle, Murray, Dubea, &
Williams, 1987).

What do the partners get out of these rela-
tionships? For teachers, working closely
with mathematicians provides them with
role models and real-world application of
subject matter. They have the opportunity
to learn more about how the mathematics
processes work and are exposed to a dif-
ferent professional culture and a broader
knowledge base.

For mathematicians, benefits include the
opportunity to become familiar with the
realities of a school system and to become
advocates for quality mathematics educa-
tion. They can examine their own teach-
ing, becoming aware of how they model
teaching strategies, especially whether
they promote active learning. Truly collab-
orative partnerships move mathematicians
away from the traditional roles they have
played in public education judges of
math contests, expert speakers, and hosts
for field trips and into a more interactive
sharing of their work with learners.

The Strategy
Aca

In the past 10 years, more and more part-
nerships stress collaboration between
teachers and mathematicians with the
explicit purpose of teacher professional
development. In their roles as content
experts, mathematicians strive to help
teachers build confidence in teaching
mathematics. Mathematicians may pre-
sent at workshops; work with teachers to
increase their content knowledge; evaluate
the mathematics accuracy of teaching
materials; work with teachers to develop
goals and classroom activities to achieve
those goals; assist in writing grant propos-
als; provide access to equipment and
materials; and invite teachers into
research labs.

Regardless of the specific activities, both
partners need to ensure that their involve-
ment is consistent with the objectives of
the mathematics program and does not
undermine either implicitly or explicitly the
existing curriculum. The partners also
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must develop a history of shared experi-
ences that, over time, build the trust and
respect necessary for the high levels of
commitment needed to improve mathe-
matics teaching and learning.

Since the world of mathematicians is dra-
matically different from that of teachers, an
understanding of both is essential.
Mathematicians and teachers must feel an
equal stake in the success of their partner-
ships, and they must be invested in quality
professional development. Both partners
must break out of their traditional roles
(e.g., mathematicians as knowledge pro-
ducers and teachers as translators of that
knowledge) and develop new ones. To
stay interested, partners must see signifi-
cant benefits of being involved. When
they do see results, they take credit as a
team and celebrate their joint efforts.

People often underestimate the amount of
time and energy it takes to collaborate
with others, especially in activities as com-
plex as professional development. Thus,
there must be organizational support for
the partners. If teachers are to be more
than the passive receivers of someone
else's professional development program,
then school personnel must commit signifi-
cant energy to planning, delivering, and
following up on activities. Mathematicians
also need flexibility in their own profes-
sional responsibilities to devote time to the
partnership.

Partnerships do not thrive without vision-
ary leadership. Because partnerships
often are viewed as above and beyond the
call of duty to participants who already
have a full worklife, the motivating force of
a leader is vital. A good leader keeps
activities moving and coordinates people,
timelines, and tasks so that everyone
knows what is happening and the benefits
are visible. Of course, within the partner-
ships, leadership needs to be shared by
the mathematicians and the teachers.

Issues
Cone der

28

While bringing teachers and mathemati-
cians together can be a powerful learning
experience, cultural and communication
differences can be challenging. At the
onset of a partnership, teachers and math-
ematicians need orientation to help them
understand the realities of each other's

worlds. Mathematicians need to under-
stand student competencies and develop-
mental learning. They need to focus on
bringing a piece of what they do in their
own world to their interactions with the
teachers.

Sometimes, issues arise around expecta-
tions that mathematicians bring to the
partnership: that they are there to "fix" the
situation, believing the educational prob-
lems can be solved if only the teachers
would listen to them. Some mathemati-
cians see the school as an environment
where they can identify a handful of young
people interested in moving into their field,
rather than a place where the knowledge
of all can be increased. And, if these
mathematicians teach through lecture,
they will be less likely to value the con-
structivist approach to learning mathemat-
ics.

Mathematicians often face the obstacle of
not receiving encouragement from their
institutions to pursue relationships in set-
tings outside of their normal working envi-
ronments. They have conflicting demands
to continue with research in the laboratory,
publish journal articles and books, and
make significant contributions to their
fields.

Finally, teachers sometimes fear intrusion
by outsiders, especially those viewed as
the ultimate experts. Feeling the respect
of mathematicians for their work as teach-
ers goes a long way toward solidifying the
relationship and ultimately benefiting stu-
dents.

The effective use of Partnerships with
Mathematicians in Business, Industry, and
Universities is exemplified by the Kentucky
K-4 Mathematics Specialist Program,
which has established a network of 435
mathematics specialists in 143 districts and
25 private schools across Kentucky. The
program's primary goals were to implement
the recommendations of the NCTM
Standards in elementary classrooms across
the state and to provide opportunities for
collaboration among university faculty,
classroom teachers, and school administra-
tors. Regional teams worked closely togeth-
er to develop seminars to prepare teachers
as mathematics specialists. The teams were

(continued)
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composed of university mathematics educa-
tors, university mathematicians, classroom
teachers, and school administrators. The
program found these diverse teams to be
highly effective. They found that the region-
al team members gained a mutual respect
for each other. Mathematicians learned to
appreciate the complex task of teaching ele-
mentary school. Teachers learned to appre-
ciate the mathematical and pedagogical
expertise of the university faculty as well as
the depth of their mathematics and theoreti-
cal perspectives. The seminars were
strengthened by the collaboration of per-
sons with different backgrounds. The activ-
ities and information provided in seminars
were mathematically and pedagogically
sound and classroom tested (Bush, 1997, p.
174).

Kentucky K-4 Mathematics Specialist Program
William S. Bush, Director
College of Education
Department of Curriculum & Instruction
305 Dickey Hall
University of Kentucky
Lexington, KY 40506-0017
(606) 257-2927 / Fax: (606) 323-1046
E-mail: cpd386@ukcc.uky.edu

Strategy,
-12: Professional Networks

Networks are "discourse communities" that
enable teachers to meet regularly (either
in person or electronically) to solve prob-
lems, consider new ideas, or reflect on
specific issues in mathematics (Lieberman
& McLaughlin, 1992). Sometimes net-
works are self-directed with the partici-
pants defining their own agendas; other
times they are moderated by experienced
facilitators who encourage the exchange
of ideas within the community. Networks
may develop through school-university col-
laborations; teacher-to-teacher or school-
to-school linkages; partnerships with
neighborhood organizations, teacher
unions, subject-matter associations; and
local or national groups.

Effective networks promote sharing of
ideas with professionals In different envi-
ronments. Creating an essentially new
structure for teachers' involvement outside

of their workplaces results in new norms of
collegiality, a broadened view of leader-
ship, enhanced perspectives on students'
needs, opportunities to be both learners
and partners in the construction of knowl-
edge, and an authentic professional voice
for teachers.

Networks also build the capacity of their
members to identify and solve their own
problems. Teachers develop a sense of
confidence in their individual and collective
ability to make improvements. Meaningful
reform occurs best when an educational
community works together toward com-
mon goals.

The Strategy
in Action

Formal networks articulate specific goals,
recruit members, and plan activities such
as summer institutes and regular meet-
ings, and coordinate electronic discus-
sions or newsletters. In addition to draw-
ing upon the expertise of network mem-
bers, many formal networks also elicit con-
tributions from experts in areas of interest
to the network participants. For example,
a network that is focused on making high
school instruction relevant to students'
futures might involve employers who can
share information about the skills needed
in the workplace.

Informal networks can also provide profes-
sional support. For example, middle
school algebra teachers, who are often
alone in their schools, may, through an
informal network, share teaching materials
and ideas. These informal networks
should be recognized by the teachers' dis-
tricts as legitimate professional develop-
ment activities.

To be most effective, networks need to
develop a high level of trust so that partici-
pants feel free to disclose information
about what they think, how they teach,
and what they need, and to take personal
risks, such as being a critical friend with
other members. Achieving this rapport
takes time, but it should be a recognized
goal from the very beginning of the net-
work.

Networks need a purpose. The focus of
the network might be broadly defined at
first, giving members the opportunity to
fine tune it. New interests and more com-
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plex relationships may emerge through
networking; however, the initial focus must
be retained or the membership must
declare that the purpose is shifting. If the
intent of the network becomes unclear, it
may become irrelevant.

Effective networks require leadership. In
some formal networks, the designated
leaders may be in organizations that have
funding for network support. In informal
networks, leadership may rotate, but is
nonetheless critical to maintain momen-
tum. Capable network leaders are vision-
ary, are effective in a variety of contexts,
and are comfortable with ambiguity yet
knowledgeable about the focus of the net-
work.

Effective networks also assign responsibili-
ty for monitoring progress. Because par-
ticipants' needs change over time, it is
important to keep tabs on whether the net-
work is keeping pace. Asking members to
comment regularly and suggest ideas for
improvement can keep a network vital.

The endurance and effectiveness of a net-
work are often directly related to its lack of
complexity and the low cost of active par-
ticipation. While some electronic networks
may be able to handle large numbers of
participants, networks that rely on person-
al interaction or direct contact with a
trained facilitator need to remain small.
With adequate resources, strategies such
as tiered or multiple leadership can permit
larger membership.

Issues
to Consider
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Sustaining effective networks can be diffi-
cult. Lieberman and McLaughlin (1992)
discuss numerous issues that network
organizers and participants need to
address. One challenge they cite is that
the network may draw teachers' loyalty
and interest away from the school to the
network itself. Consciously addressing
this issue in discussions and activities
within the network can help increase the
likelihood that teachers will implement
their new learning in their classrooms.

On the other hand, teachers in networks
may feel ostracized within their own
schools, by other teachers, the principal,
or the administration. Some formal net-
works require that all teachers in a depart-

ment within a school participate in the net-
work. However, this imposes a require-
ment that is not always conducive to the
trusting environment inherent in effective
networks.

Network participants and organizers need
to secure long-term support. This includes
not only funding but also the establish-
ment of structures to help ensure the long-
term sustainability for the network, such as
legitimate time for teacher participation
and, when necessary, access to comput-
ers and other equipment needed to partici-
pate in the network.

Managing a network is a fundamental
problem for both networks and their spon-
sors. The more popular the network, the
greater the demand on its limited
resources. It is easy to underestimate
what it will take to maintain a network.
This challenge may require restricting
membership to a size appropriate to both
resources and capacity to serve members
well.

Some networks that are initiated by foun-
dations, schools and university partner-
ships, or by national or local reform efforts
come with their own agendas. This can
result in a problem about who controls the
network. Since the power of networks lies
in their flexibility, their agendas are in a
constant state of refinement. Sometimes,
however, the partners with the money
and/or status become uncomfortable as
teachers are emboldened to take more
control.

Most networks are formed around specific
goals but as new responsibilities and roles
emerge teachers often find themselves in
roles they are unaccustomed to playing:
political strategist, negotiator, policy
maker, or conflict mediator. Networks
need to address this issue and provide
teachers with opportunities to take advan-
tage of these new roles.

Professional Networks are in use as a pro-
fessional development strategy in the Urban
Mathematics Collaborative (UMC).
Initiated by the Ford Foundation and
involving some of the largest school dis-
tricts in the nation, the purpose of the col-
laborative is to help teachers of ',lathe-

(continued)



matics address the poor performance of
many inner-city students. The network con-
nects urban teachers with one another; other
users of mathematics, and individuals
involved in mathematics education improve-
ment. UMC exposes teachers to new ideas,
providing them with information about how
students learn mathematics and what math-
ematics should be taught. The network
focuses considerable resources on the devel-
opment of teacher leaders.

The success of the collaboratives rests on
many of the important assumptions and crit-
ical elements noted in this section: teachers
join the network voluntarily and with a com-
mitment to improving their teaching; the
network encourages teachers' use of new
approaches in their classrooms through col-
legial support and feedback; the collabora-
tives create a community of learners sharing
a common vision of mathematics education
improvement; and the goals and agenda of
the network are determined by the teachers
themselves.

Urban Mathematics Collaborative (UMC)
Project
Norman Webb
Wisconsin Center for Educational Research
University of Wisconsin-Madison
1025 Johnson Street, Rm. 783
Madison, WI 53706
(608) 263-4287 / Fax: (608) 262-7428
E-mail: nlwebb@facstaff.wisc.edu

VEHICLES AND MECHANISMS

Strategy
13: Workshops, Institutes,

Courses, and Seminars

Workshops, courses, institutes, and semi-
nars are structured opportunities for edu-
cators to learn from facilitators or leaders
with specialized expertise, as well as from
peers. These professional development
sessions usually occur outside the class-
room and often bring together educators
from different locations for common expe-
riences.

Courses and institutes provide opportuni-
ties for participants to focus intensely on

topics of interest over relatively long peri-
ods (weeks in the case of institutes,
months in the case of courses).
Workshops and seminars, on the other
hand, tend to be offered for shorter peri-
ods and address more discrete learning
goals, such as using a particular set of
lessons or trying out a new assessment
strategy. Workshops are characterized by
hands-on activities while seminars tend to
be more oriented to discussion of others'
practice or research results.

The structures of workshops, institutes,
seminars, and courses provide teachers
with opportunities to connect with outside
sources of knowledge in a focused way.
Learning outside of the work environment
allows deep study and practice. Teachers
need time away from their classrooms to
reflect, interact with other educators, and
practice new techniques in safe settings.

A major question about this strategy is
whether one size really can fit all. A well-
crafted learning activity can indeed meet
the needs of many learners. Although
individuals each bring something different
to the experience and inevitably take away
something different, this structure
assumes that many learners can benefit
from the same experience.

The Strategy
in Action

Courses are by definition ongoing, provid-
ing time for teachers to practice new ideas
and behaviors and return to the next
course meeting to reflect together on prob-
lems and successes. Although of a more
limited duration, the best workshops, semi-
nars, and institutes are designed to
include a variety of modes through which
learners can process information. These
include journal writing, analysis of case
studies, role playing, small group discus-
sions, modeling lessons, engaging in prob-
lem solving, and creating classroom mate-
rials.

Leaders of effective workshops, institutes,
seminars and courses communicate with
participants about the goals of the learning
experience. They receive input from
learners before setting goals so the expe-
rience addresses the learners' needs. The
facilitator also guides the participants'
learning, often by being a primary source
of expertise or bringing in other informa-
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Issues

tion through readings, consultants, the
participants' own knowledge, and struc-
tured experiences.

Workshops, courses, seminars, and insti-
tutes can use the "training" model, which
has a strong research base (Joyce &
Showers, 1988). This model includes sev-
eral steps: explanation of theory; demon-
stration or modeling of a skill; practice of
the skill under simulated conditions; feed-
back about performance; and coaching in
the workplace.

Most workshops and seminars meet dur-
ing regular school hours and require that a
teacher have a substitute for the class-
room. Teachers usually participate in
courses and institutes during non-teaching
time (such as the summer or evenings and
weekends). A variety of incentives can be
offered when teachers participate on their
own time. In addition to stipends, teach-
ers can be rewarded through special
recognition or through graduate or profes-
sional development credit.

to Consider
Research in teacher change reveals that a
one-time workshop or seminar is unlikely
to result in significant, long-term change in
the practice of a teacher (Fullan, 1991;
Joyce & Showers, 1988; Little, 1993).
Rather, change requires multiple opportu-
nities to learn, practice, and reinforce new
behaviors. Thus, while a single workshop
may be a good kick-off for learning and
can result in new awareness on the part of
participants, additional opportunities are
needed for long-lasting change.

Ideally, one-time workshops and even
long-term courses are combined with other
strategies to enhance the learning experi-
ences of the participants. For example,
simply attending a workshop on mathe-
matical pedagogy is insufficient to equip
teachers to alter their practice. Teachers
also need opportunities to translate their
learning into practice (perhaps through
modifying their curriculum Strategy 5),
implement the new knowledge (perhaps
with coaching Strategy 10), and reflect
on their practices (perhaps through case
discussions Strategy 7). When the
principles of effective professional
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development are incorporated into the
design of workshops, institutes, courses,
and seminars and then are combined with
other strategies, the benefits for teachers
are strengthened.

One example of the effective use of work-
shops for professional development is the
Math Talk project at Children's Television
Workshop. This project conducted work-
shops and follow-up sessions with teachers
to nelp them use supplementary mathemat-
ics curriculum materials to address nation-
al standards. Teachers were offered the
opportunity to participate in the workshops
through the Eisenhower Regional
Consortium in the Northeast. The sessions
were led by knowledgeable mathematics
educators who combined demonstrations of
the materials and explanations of the math-
ematics content within the materials to pre-
pare teachers to teach with Math Talk.
Teachers shared their misconceptions about
certain content (e.g., rules of probability or
measuring area and perimeter), and the
mathematics experts helped to deepen the
teachers' understanding of the mathematics
behind the classroom activities. Workshop
leaders also helped teachers with their
plans for introducing the materials in the
classroom. During follow-up sessions, the
teachers reported on their use of the materi-
als, asked questions, and helped one anoth-
er with plans for introducing more units.
Again, the workshop leaders led discussions
and demonstrations to increase the teach-
ers' knowledge of mathematics content.
Teachers also practiced using hands-on
activities that they would reproduce in their
classrooms. The cost of teacher substitutes
was paid to the districts and the teachers
were given stipends for some Saturday ses-
sions. They also received professional
development credit toward re-certification.

Children's Television Workshop
School Products
Attn: Katy Broomfield
I Lincoln Plaza
New York NY 10023
(212) 595-3456

To purchase Math Talk materials, call:
Great Plains National
(800) 228-4630



'14: Technology for
Professional Development

Technology could be considered every-
thing from paper and pencil to elaborate
communication devices. Technology for
professional development is defined here
as an electronic means of either support-
ing the in-person professional developer or
of providing professional development
opportunities without a face-to-face facili-
tator. This section focuses on technolo-
gies that have emerged in the last 20
years, rather than more traditional ones,
such as overhead and slide projectors.

What may immediately come to mind for
the reader is the Internet and electronic
mail. This section expands on these two
systems and presents ways in which a
variety of other technologies can be used
to provide effective professional develop-
ment experiences.

The Strategy

Teleconferencing.
Teleconferences provide one-way, audio or
video presentations to different remote
sites. A presentation is made in a televi-
sion studio, "uplinked" to a live satellite,
and then delivered (downlinked) to other
sites. Lectures, panel discussions, video-
tapes of classroom activities, or demon-
strations are usually the subject matter.
Often, written materials that accompany
the presentation are made available to the
downlinked sites, which are given a tele-
phone number to call during the live pre-
sentation so that questions can be
answered during the telecast.

Teleconferences are usually one-time
activities that provide information to partici-
pants, often with some form of activity or
discussion at each site following the tele-
cast. This technology is rarely used for
ongoing professional development and its
main drawback is the lack of continuous
interaction. However, one of its greatest
advantages is that a large number of peo-
ple can be reached at one time in a num-
ber of remote sites.

This medium is expensive to produce and
send through a satellite, but the equipment
required on the receiving end is less
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expensive. While probably not an option
for most individual teachers, some school
districts already have a satellite dish and
can participate in this form of professional
development with only a nominal participa-
tion fee.

Television and Interactive Television.
Pre-programmed television series have
been aired for many years. The purpose
of this type of programming is to provide a
very large number of teachers with an
ongoing course of study. Usually, viewers
register with a program, are sent instruc-
tional materials, view the program, and
conduct activities in their classrooms or
read assigned materials. Some programs
require that written materials be submitted
by viewers. While inexpensive (teachers
only need a television), the greatest draw-
back is the lack of interaction. To counter
this disadvantage, some programs have
added an electronic mail component so
that viewers can develop online learning
groups.

Interactive television, unlike one-way tele-
conferences or pre-programmed television
programs, is a two-way system. Two or
more remote sites are linked through cam-
eras, and teachers can see and hear par-
ticipants at other sites through a television.
It is an expensive technology and its suc-
cess often depends upon the quality of the
equipment.

Telecomputing Courses.
Using only a computer and a modem,
teachers can enroll in telecomputing
courses. Most courses provide instruction
via text. Activities are then conducted in
the classroom, followed by online discus-
sion. The advantage of telecomputing is
that most programs use a conferencing
software that allows for individual mes-
sages to be sent between the instructor
and students and among students. There
are also real-time discussions among all
participants.

One of the disadvantages of these cours-
es is that they are often composed of self-
starters who are highly motivated to pur-
sue professional learning on their own.
Providers of these courses struggle with
how to keep less involved participants
from falling behind, how to combat the
feeling of anonymity teachers may feel,
and overcoming "technophobia" that keeps
many teachers from participating. 33
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Electronic Mail and Networking.
Electronic mail allows for a variety of inter-
actions with peers. Listserves, bulletin
boards, and chat rooms are all means of
sharing ideas among teachers, other edu-
cators, and individuals with special exper-
tise such as mathematicians.

One example of an electronic network is
TEECH, Teacher Enhancement Electronic
Communications Hall, out of TERC in
Cambridge, Massachusetts. The TEECH
Web site provides resources in the form of
papers, electronic lectures, and databases
on numerous topics in teacher enhance-
ment. The network also provides various
"modes" (ways to interact with the site):
participation in discussion groups, con-
ducting searches, reading or listening to
lectures, or accessing a calendar of
events.

Videotapes and Laser Videodiscs.
These technologies are most frequently
used in face-to-face professional develop-
ment experiences. Viewers watch teachers
investigating mathematics ideas, experi-
menting with new teaching practices, and
developing ways to study what their stu-
dents are thinking. Many videos also
include classroom episodes. Professional
developers working with teachers use the
videos and the accompanying resource
books as vehicles for reflective discussion.
One example is the Annenberg Video
Library, which is listed in Section IV.

CD-ROMs.
This technology provides flexible access to
a large amount of materials for use in
teaching, learning, and designing profes-
sional development. CD-ROMs can con-
tain print material, videotape footage,
audio recordings, and other resources.

One example of a CD-ROM is being
developed by teacher educators
Magdalene Lampert and Deborah Ball
(1995) for use with pre- and inservice
teachers of mathematics. Currently, the
materials developed at Michigan State
University through the Mathematics and
Teaching through Hyper Media Project use
a hypermedia system. The original project
field-tested a "collection of multimedia
tools for exploring and constructing knowl-
edge about mathematics teaching and
learning in elementary school" (Hatfield &
Bitter, 1994, p.109). The hypermedia sys-
tem links audio and video records of math-

ematics lessons being taught to other
material such as written student work,
interviews with students, teachers' journal
entries, observers' field notes, and lesson
annotations.

Tools for Group Work.
GroupSystems, from Ventana Corporation,
provides a computer-based support tool
for facilitation of same-time, same-place,
as well as same-time, different-place
meetings. Participants are linked together
through computers and the main
GroupSystems program that is monitored
by a facilitator. During a session, partici-
pants can switch from discussions to
online group or individual work.
GroupSystems' main feature is that the
author of a comment can remain anony-
mous (even with participants in the same
room), allowing the online discussion to
focus on the comment and not the author.

The Ontario Institute for Studies in
Education has developed a similar com-
puter-based system for informed group
decision making within a collaborative
environment, Computer Supported
Intentional Learning Environments
(CSILE). CSILE and GroupSystems are
only two examples of this type of technolo-
gy, which has not been explored to its
fullest as a tool in professional develop-
ment.

Issues
tl C

The use of technology to provide or
enhance professional learning for teachers
has many advantages, some discussed
above. Another advantage, noted repeat-
edly by providers of electronic mail, net-
works, and telecomputing courses, is that
technology is largely neutral in regard to
race, status, age, income, disability, and
gender (Schmidt & Faulkner, 1989; Smith,
1996; Taylor & Smith, 1995). When com-
municating online, the only personal char-
acteristic that is identifiable is gender, typi-
cally given away by a name. Technology
also meets the needs of learners who are
homebound due to health, family responsi-
bilities, or personal preference.

The lack of face-to-face interactions is the
most commonly noted disadvantage of the
use of technology. Interestingly, several
programs have found that participation
increases when people online are anony-
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mous (CCT Notes, 1995; Smith, 1996;
Spitzer, Wedding, & Di Mauro, 1994; Taylor
& Smith, 1995). Discussions often delve
deeper into a topic. Given the nature of
online interactions, teachers sometimes
feel less competition for time to "speak,"
since they can share their comments elec-
tronically at any time.

An unanticipated outcome of this "leveling"
or lack of inhibition on the part of those
using electronic communication is the
quality control dilemma. Because all
users have equal voice, their ideas take
on an authority that may have little experi-
ence to support it. People with more time
to communicate can appear to know more;
those with more expertise but less time
may not be recognized. Further, experi-
enced moderators of telecommunications
report that making critical comments or
challenging ideas can often result in "shut-
ting down" conversations rather than caus-
ing deeper thinking (Falk, personal com-
munication).

There are other real disadvantages to
using technology for professional learning.
Lack of appropriate hardware, software, or
technology can impede teachers' access
to the medium. This is an important equity
issue. Although technology improves
access for some, the economically disad-
vantaged have less access.

Another important issue is participants'
comfort level with technology. If teachers
are expected to access electronic net-
works, they need to have time to learn
how to use the technology, before they
can move forward in meeting the goals of
the experience. Ongoing technical assis-
tance is essential if teachers are to make
the most of professional development via
technology.

Technology is being touted by many as a
critical ingredient in education for the
future. Although it clearly holds great
potential, professional developers need to
think carefully about when and where it is
most appropriate, and how it can extend
our abilities to create effective professional
learning experiences.
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1111111=11-
The use of Technology for Professional
Development is exemplified in the
Mathematics Learning Forums Project.
which conducts online seminars hosted by
graduate faculty members of Bank Street
College in New York City. These eight-week
seminars offer K-8 teachers instruction on
how to teach mathematics. Teachers con-
nect to the seminar via the Internet at their
convenience and interact with the faculty
and other seminar participants. After each
session, teachers try out new activities in
their classes, then get help improving their
practice through subsequent electronic con-
versations. The Forums are a partnership
between Bank Street College of Education
and the Education Development Center's
Center for Children and Technology. They
combine computer-based communication.
print materials, and videotapes to help K-8
teachers reflect on and adopt new teaching
practices consistent with the goals envi-
sioned by the NCTM standards for improv-
ing mathematics instruction (Center for
Children and Technology Notes, June
1995).

Mathematics Learning Forums
Bank Street College of Education
Mathematics Leadership Program
and The Center for Children and Technology of
the Education Development Center Inc.
610 West 112th Street
New fork. NY 10025
(212) 807-4207
E-mail: mass @confer.edc.org

Es)

15: Developing
Professional Developers

The strategy of identifying and developing
professional developers has been used
widely in mathematics improvement.
When professional development was nar-
rowly construed as training, this strategy
was more commonly termed "train-the-
trainer." Now, as professional develop-
ment has broadened to include a variety of
strategies to support professional learning,
so too have the roles and attendant skills
of those who would help professionals
learn. 'Train-the-trainer" has become
"professionally develop the professional
developer"!
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As an organization considers its long-term
professional development plan, the strate-
gy described in this section is very impor-
tant. Supporting local professionals to
assume professional development roles
has many benefits. It builds local capacity
for ongoing development and can serve as
a reward for teachers and other profes-
sionals who have the requisite skills, atti-
tudes, and interest. Creating professional
developers means the organization has an
internal expert who can connect those in
the organization to innovations happening
outside through national and regional net-
working.

Ten years ago, there were few formal pro-
grams for professional developers. Most
grew into their roles by implementing new
instructional practices and sharing the
good ones with colleagues, sometimes
attending train-the-trainer workshops. The
lack of a career path for these "home
grown" staff developers often led them to
leave their classrooms to become consul-
tants. Increasingly, as school districts or
other professional development initiatives
seek to build local capacity for continuous
learning, they are using the strategy of
developing their own professional develop-
ers.

The Strategy

The first step is to identify potential profes-
sional developers. One source is individu-
als who have had some other leadership
experience, including those who have
served as coaches or mentors, instructors
or clinical faculty for university courses, or
team leaders or department chairs in their
schools. These experiences are likely to
have broadened the individuals' perspec-
tives beyond their classrooms and given
them opportunities to develop effective
ways of working with adults. Professional
developers can also come from class-
rooms, especially good teachers whom
others emulate.
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No matter where they come from, those
with the potential to become successful
professional developers have certain
attributes in common: they are open to
change, credible with teachers, effective
communicators, and have experiences
and knowledge that are relevant to the
teachers they will work with. They are
self-confident, organized, and interact well

with their peers. They have the time to
engage in their own development and, ulti-
mately, to work with others in a profession-
al development role. Finally, they have
deep knowledge of mathematics content.

Once the individuals have been identified,
they need to master the program or knowl-
edge base that will support others to
change. Professional developers know
the new techniques, can demonstrate
them, have made them a routine in their
teaching, and have evidence that they
work with their students. This usually
takes at least two rounds of practice or
application, which may mean two years,
before these teachers are able to teach
and support others.

When the new professional developer is
ready to begin, everyone must recognize
that designing and conducting learning
experiences for others is not a job that can
be done after school and on weekends, if
it is to be done right. For local profession-
al developers to be used well, they need
time released from regular classroom
responsibilities.

There is no one prescription for develop-
ing the requisite skills of professional
developers. Many colleges and universi-
ties now offer courses that address inser-
vice education, coaching, collaboration,
and change management in schools.
Some institutions (e.g., the University of
Maryland) offer doctoral level training in
staff development. More commonly,
school-based professional developers
develop the necessary skills through work-
shops, many of which are offered by the
Association for Supervision and
Curriculum Development and the National
Staff Development Council, and by contin-
uing their development in their particular
area of expertise (e.g., mathematics edu-
cation, assessment, action research).
They are involved in self-study and net-
works, and are mentored by more experi-
enced staff developers. They read journal
articles, attend training or conferences,
and join online networks.

Professional developers cannot work in
isolation. Collaboration among profession-
al developers leads to many positive out-
comes: access to the latest findings from
research, knowledge of effective pro-
grams, and awareness of the quality of
training programs and curriculum.
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Issues

Through national and regional networking,
professional developers gain access to
these important resources and continue
their own development.

C nskier
Some people believe that professional
development would be better left to con-
sultants and outside experts. They argue
that teachers should focus on good teach-
ing and that professional developers
require a different set of skills than good
teachers. However, as teachers are
expected to align their practices with one
another and collaborate on new initiatives,
they will need the skills of good profes-
sional developers.

Quality control is a key concern as schools
and projects develop professional devel-
opers from among the teaching staff.
Novice professional developers are unlike-
ly to be as effective as the expert consul-
tant who has been honing skills for years.
They need encouragement, observation,
and coaching as they take on their new
roles. Pairing a new professional develop-
er with a veteran is one strategy for ensur-
ing quality. Engaging professional devel-
opers in debriefing sessions after they
conduct workshops, model lessons, or
work with a team helps increase their
effectiveness. Feedback from participants
in professional development activities can
be used to assess program quality and
make continuous improvements.

it is said that it is difficult to be a prnphPt
in your own land. As teachers become
professional developers they also need to
establish their credentials so that they
have the respect and support of their col-
leagues. The professional developer
needs to juggle schedules, bring along
resistant staff members, negotiate with
school administrators and the community
for resources and support, and stay cur-
rent in areas of expertise. These
demands, coupled with a teaching or
administrative position, can lead to the
professional developer becoming overex-
tended and overwhelmed. Although devel-
oping local staff who have the expertise
and abilities of professional developers is
a beneficial strategy, these individuals
need support to balance their multiple
roles.

An initiative that focuses on developing
teachers as professional development lead-
ers is the Leadership for Urban
Mathematics Reform (LUMR) project. cre-
ated by the Education Development Center
in collaboration with the Urban
Mathematics Collaboratives (UMC) and
their local school districts. LUMR is devel-
oping teacher leaders in urban communities
at six UMC sites across the country in an
effort to improve mathematics education.
The project provides leadership training for
teams of middle and high school teachers
from these sites. Teachers attend three-
week summer leadership institutes, receive

follow-up support throughout the year, and
technical assistance in their outreach
efforts. A critical component of LUMR is
the inclusion of district administrators on
the leadership teams. Each team develops a
plan that promotes improvement of mathe-
matics education, provides district support,
and facilitates teacher leadership.

Leadership for Urban Mathematics Reform
(LUMR) Project
Educational Development Center
and Urban Mathematics Collaboratives (UMC)
Mark Driscoll
Educational Development Center
55 Chapel Hill
Newton, MA 02160
(617) 969-7100 / Fax (617) 965-6325
E-mail: markd@edc.org
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SECTION III

SuccessfulPrograms

Connected Mathematics Program
Elizabeth City, North Carolina, Middle School

Located in rural Eastern North Carolina,
Elizabeth City Middle School (ECMS) is
implementing a new curriculum program
with a strong professional development
component. The school has been a pilot
site for Connected Mathematics Program
(CMP), a rigorous mathematics curriculum
funded by the National Science
Foundation and available from Dale
Seymour Publications. This program illus-
trates the interrelated use of several
strategies for professional development
including curriculum implementation, cur-
riculum adaptation and development, and
coaching and mentoring. ECMS is part of
the Elizabeth City-Pasquotank Public
Schools, which has a total enrollment of
6,247 students in 11 schools; 60 percent
qualify for free or reduced price lunches.

In agreeing to pilot the implementation of
the CMP curriculum, the teachers of
ECMS became essential partners with the
CMP authors. For three years, the teach-
ers have met regularly to discuss strate-
gies for adapting and implementing the
curriculum.

Susan Friel, one of the developers of
CMP, has been working closely with
ECMS throughout the pilot study. ECMS
teachers work with the other authors and
pilot schools to help rewrite the curriculum
during summer meetings. The input from
this rural school has proved to be invalu-
able, and the intensive analysis of the cur-
riculum has led the teachers to a much
deeper understanding of mathematics
content and teaching strategies.

In addition, Friel and the ECMS staff have
been experimenting with video coaching.
Teachers think of ways that they can
launch mathematics problems in their
classes and then videotape the results.
Then, in a video conference, teachers, the
assistant principal, and staff from the
University of North Carolina view a tape of
a teacher conducting a lesson and make a
collective decision about what worked and
how that can be built upon. The video
conferences allow teachers to think of dif-
ferent ways that they can pose problems
and how they can implement new strate-
gies. These conferences led to the devel-
opment of a library of successful teaching
lessons, so that new teachers can get an
idea of how to best use the curriculum.

As a result of these efforts, ECMS has
seen improvements in student achieve-
ment. Mathematics test scores have
risen. In addition, the CMP emphasis on
problem-based learning has led to
improved test scores in subjects such as
reading and writing, in addition to mathe-
matics. Another benefit to the students
and staff is that mathematics is now inte-
grated with the other subjects. Children
are now able to identify patterns and gain
a deeper understanding of what they are
learning. CMP has allowed students to
apply what they learned in mathematics to
other subject areas.

Contact:
Diane Bradford, Principal
Elizabeth City Middle School
306 North Road Street
Elizabeth City, NC 27909
(919) 335-2974; Fax (919) 335-1751
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Susan Friel
University of North Carolina
201 Peabody Hall
School of Education
Chapel Hill, NC 27599-3500
(919) 962-6605

Delaware Teacher Enhancement Partnership
New Castle, Delaware, Middle School

New Castle Middle School is in the
Colonial School District, which serves an
urban student population with an ethnic
composition that is 69 percent white, 28
percent African American, and 3 percent
other minorities. A major challenge in the
district is student mobility: in any given
year, one of three students changes
schools. In addition, 74 percent of stu-
dents come from disadvantaged families.
New Castle Middle School serves a high
percentage of city students, which con-
tributes to significant social and economic
problems in the school.

New Castle Middle School was selected to
serve as an implementation center for the
Delaware Teacher Enhancement Partner-
ship (the Partnership), a project funded by
the National Science Foundation (NSF)
through the University of Delaware. The
Partnership was designed to deepen
teachers' mathematical content knowledge
and pedagogic skills and nccict tnnm in
developing and implementing curricula
based on national standards from the
National Council of Teachers of
Mathematics (NCTM) and on Delaware's
new mathematics content and perfor-
mance standards.

The Partnership combined a number of
the techniques described in the Strategies
for Professional Development section of
this publication. Strategy 13, Workshops,
Institutes, Courses, and Seminars, was a
key component. The program began with
an eight-day Eisenhower-funded pilot
workshop for teachers. Activities in subse-
quent summers included two- or three-
week workshops, one- or two-day
Leadership Conferences for administrators
and resource teachers, and special activi-
ties for Minority Leadership teachers.

Strategy 1, Immersion into Solving
Mathematical Problems, was a major tech-
nique in the professional development
activities for teachers. Sessions were
designed around "situations," defined as
rich mathematical tasks that elicit new
mathematical content and problem-solving
strategies. Veteran middle school mathe-
matics teachers were constantly required
to stretch their mathematical skills. The
result was a greater appreciation of what
many students experience as learners in
the mathematics classroom. The teachers
also developed a greater understanding of
the need to move away from traditional
teaching practices and to employ new
techniques.

Graphing calculators and computer tech-
nology (Strategy 14, Technology for
Professional Development) were used as
catalysts to change both how mathematics
is taught and what mathematics is taught.
Teachers worked in groups, reflected on
problem-solving strategies and the new
mathematics involved, formalized the
mathematics, and developed related
lessons appropriate for their grade levels.

In the first three years of the project,
Partnership staff worked one-on-one with
middle school teachers in their class-
rooms. Teachers piloted lessons with their
students (Strategy 5, Curriculum
Development and Adaptation) and shared
results with their colleagues (Strategy 10,
Coaching and Mentoring).

In the last two years of the project, the
focus shifted toward statewide dissemina-
tion. Using Strategy 15, Developing
Professional Developers, Partnership staff
and teacher leaders throughout Delaware
collaborated with New Castle Middle
School teachers to plan and present four,
three-hour workshops for middle school
teachers and four, 15-hour mini-courses
for middle and high school teachers.

Since the Partnership focused on enhanc-
ing teacher content knowledge, pedagogi-
cal content knowledge, and curricular
knowledge, Partnership staff developed
and administered surveys to track
changes in these areas. Teachers report-
ed the greatest increases in content
knowledge in the areas of probability, corn-
binatorics, and discrete mathematics. The
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greatest changes in teaching were report-
ed in the areas of patterns/functions, alge-
bra, and number relationships. Although
the Partnership focused on professional
development, student test scores rose
from being near the bottom of the state
before the project to reaching the median
after the new teaching techniques were
implemented.

Contact:
Lucy Hartshorne, Principal
Mary Lynn Vincent, Resource Teacher
New Castle Middle School
New Castle, DE 19720
(302) 323-2880

Kathleen Hollowell, Director
Mathematics and Science Education Resource
Center
105 Pearson Hall
University of Delaware
Newark, DE 19716
(302) 831-4447 / Fax: (302) 831 -3137

Professional Development Initiative
San Francisco, California, Unified School District

A Program Honored by the U.S.
Department of Education's National
Awards for Model Professional
Development

The San Francisco School District serves
approximately 64,000 preK-12 students in
a major urban community. The population
is diverse: 48 percent of students are
Asian or Pacific Islander, 20 percent
Hispanic, 17 percent African American, 13
percent white, and 1 percent Native
American. Educating students for whom
English is a second language is a major
challenge: 30 percent of students have
limited English proficiency; 39 languages
are spoken. Ten percent of students
receive special education services, and 59
percent qualify for free or reduced-price
lunches.

Another challenge for the district is
staffing. Each year, 200 new teachers
must be hired. Some 35 percent of all
teachers in the district have less than four

years of experience. This situation will be
exacerbated in the 1998-99 school year
when more than 450 new teachers will be
needed to respond to a state mandate to
reduce class size. The district's reliance
on large numbers of novice teachers
served as a catalyst for creation of its
Professional Development Initiative.
A number of the 15 Strategies for
Professional Development described in
this publication are employed throughout
the Initiative. For example, in addition to
providing an orientation for beginning
teachers, the district encourages teachers
to join the Beginning Teachers Support
and Assessment Program (BTSA), a state
initiative that provides novice teachers with
an extended mentoring relationship with
master teachers in the district (Strategy
10, Coaching and Mentoring).

The framework for the Professional
Development Initiative for all teachers
combines centralized activities with site-
based initiatives. Each school is asked to
analyze a broad range of student achieve-
ment data (Strategy 8, Examining Student
Work and Thinking, and Scoring
Assessments), rethink the curriculum, and
create a plan that connects improvement
activities with professional development
plans (Strategy 5, Curriculum
Development and Adaptation). For exam-
ple, each of the 25 professional develop-
ment "model schools" presents a prelimi-
nary plan to the others for review. This
critical feedback is used by the planning
committees in each school to refine their
improvement plans. This provides an
opportunity for teachers in all the schools
to collaborate and share resources
(Strategy 12, Professional Networks).

Eight days are set aside in the school year
for professional development. The district
plans a summer institute, multiple follow-
up sessions, and on-site activities
(Strategy 13, Workshops, Institutes,
Courses, and Seminars). Individual
schools are also expected to engage in
professional development activities
beyond these non-student days. The
schools use a variety of creative ways to
allot time for these activities, and many
professional development techniques are
employed, including Strategy 6, Action
Research.

The K-8 Mathematics Initiative is a good
example of the wv in which professional



development is handled in the district.
During the summer, a team of 200 teach-
ers and administrators attended an insti-
tute focusing on such topics as the new
mathematics curriculum, instructional
strategies for Limited English Proficient
students, and improvement strategies for
students scoring in the bottom quartile.
This team subsequently planned and
delivered three district-wide professional
development days for teachers, parapro-
fessionals, principals, and parents.
Additional parent/family sessions were
offered at schools during the evenings and
on Saturdays. Teacher leaders from each
school facilitated site-based follow-up ses-
sions on such issues as family math, man-
aging manipulatives, planning a stan-
dards-based math program, and assess-
ing student growth (Strategy 15,
Developing Professional Developers).

Another important component of the
Professional Development Initiative is use
of Strategy 11, Partnerships with
Mathematicians in Business, Industries,
and Universities. For example, teachers
working in sixth through eighth grade
mathematics have formed on-going rela-
tionships with the Bay Area Mathematics
Project, San Francisco State University,
and the University of California, Berkeley.

Test scores for reading and math on the
California Test of Basic Skills have been
used to show the impact of the
Professional Development Initiative.
These data show significant growth for all
students in both areas for three consecu-
tive years. Moreover, students attending
"focus schools" with an emphasis on math
and/or literacy show more than a year's
growth for a year's instruction.

Contact:
Maria Santos
Assistant Superintendent
San Francisco Unified School District
2550 25th Avenue
San Francisco, CA 94116
(415) 759-2950; Fax (415) 759-2903

nzsantos@sjiisd.k- 12
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QUASAR (Quantitative Understanding:
Amplifying Student Achievement and Reasoning)
Portsmouth Middle School, Portland, Oregon

Portsmouth Middle School, a large, urban
intermediate school in the Portland,
Oregon, Public School District, serves
approximately 550 students in a culturally
diverse area of the city. Forty-nine per-
cent of the students qualify for free or
reduced-price lunches.

Teachers at the school decided to adopt
Visual Mathematics (VM) after one teacher
participated in a National Science
Foundation curriculum development pro-
ject at Portland State University. (Bennett,
A.B. and Foreman, L. 1989, 1991. Visual
Mathematics Course Guide, Volume 1 and
Volume 2: Integrated Math Topics and
Teaching Strategies for Developing
Insights and Concepts. Salem, OR: Math
Learning Center).

Portsmouth teachers found VM to be a
challenging and engaging mathematics
curriculum for students in middle school.
Intensive professional development to
support the new curriculum was provided
through the school's participation in
QUASAR, a Ford Foundation program
implemented by the University of
Pittsburgh to support and study the utiliza-
tion of enhanced mathematics instructional
programs in disadvantaged communities.

As participants in QUASAR, all four
Portsmouth math teachers received sum-
mer training to develop a visual approach
in their mathematics instruction; they also
participated in monthly, full-day staff meet-
ings (Strategy 1, Immersion into Solving
Mathematical Problems). The major shift
in instructional focus required that the
teachers develop new skills, behaviors,
and beliefs. As they learned to construct
their own solutions to problems, they
acquired new mathematical knowledge
and gained self-confidence.

QUASAR activities provided opportunities
for participants to share ideas and con-
cerns regarding the use of new programs
and practices. This ongoing network of
professional colleagues enabled the
teachers to explore and discuss topics
related to the new curriculum (Strategy 12,
Professional Networks). By sharing infor-
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mation, pursuing common goals, and solv-
ing problems as a group, staff members
learned from one another (Strategy 10,
Coaching and Mentoring).

Portsmouth staff realized that the instruc-
tional changes required in implementing
the VM curriculum were complex and
could not be made without careful plan-
ning. Funding from QUASAR provided
time for the staff to work on a schoolwide
approach for mathematics instruction.
Changes to be incorporated at the class-
room level were determined by the
teacher team; some instructional practices
were used by all teachers, and others
were modified to meet the needs of each
teacher.

Each QUASAR site has developed its own
design and implementation plan, so there
is variation across sites with respect to
curricula, teaching strategies, and
approaches to teacher professional devel-
opment. Financial and technical assis-
tance has been provided through the pro-
ject headquarters at the University of
Pittsburgh's Learning Research and
Development Center (Strategy 11,
Partnerships with Mathematicians in
Business, Industry, and Universities).
Project staff have also systematically col-
lected data at participating schools to
monitor the processes and outcomes at
each site.

Contact:
Edward A. Silver
Professor of Mathematics Education and
Cognitive Studies. School of Education
Senior Scientist. Learning Research and
Development Center
LRDC - University of Pittsburgh
3939 O'Hara Street
Pittsburgh. PA 15260
(412) 624-3231 / Fax: (412) 624-9149

Teaching to the Big Ideas:
Developing Mathematical Ideas
Northampton, Massachusetts, Public Schools

The Northampton Public Schools serve
3,000 students: 80 percent are white, 12

percent Hispanic, 5 percent Asian, and 3
percent African American. Special educa-
tion services are provided to 18 percent of
students, and 23 percent receive free or
reduced priced lunches.

Recently, the district has been involved in
revising the local curriculum to align it with
the new Massachusetts Curriculum
Frameworks. In mathematics, the
Frameworks mandate a shift to math liter-
acy in which students learn to solve prob-
lems and understand concepts as well as
do computations.

The district realized that meeting the chal-
lenge would require significant profession-
al development for elementary and middle
school teachers. The goal was three-fold:
(1) to give teachers a deeper understand-
ing of mathematical principles thereby giv-
ing them confidence to depart from text-
based teaching; (2) to demonstrate new
instructional techniques that encourage
youngsters to design individual strategies
for solving math problems; (3) to help
teachers learn to listen to, follow, and
assess students' mathematical thinking.

Two Northampton teachers, Margie
Riddle, a fourth grade teacher at Bridge
Street School, and Nancy Dostal, a sixth
grade teacher at John F. Kennedy Middle
School, have taken leadership roles in the
district's efforts to meet these goals. With
the support of Eisenhower Professional
Development funds from the U.S.
Department of Education, Riddle and
Dostal became involved in Teaching to the
Big Ideas, a program developed through a
collaboration of the Education
Development Center (EDC), the Technical
Education Research Centers (TERC), and
SummerMath for Teachers at Mount
Holyoke College. Program participants
became involved in a number of the 15
Strategies for Professional Development
described in this publication.

In addition to becoming immersed in math-
ematical problem solving (Strategy 1), par-
ticipants in Teaching to the Big Ideas
learned to examine their own students'
work and thinking (Strategy 8). As the
teachers wrote descriptions of their inter-
actions with their students, program staff
and the teachers themselves realized how
these descriptions could be used to help
other teachers examine their own practice
(Strategy 7, Case Discussions). The
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result of four years of collaborative work
was Developing Mathematical Ideas, a
two-volume professional development
package consisting of a Casebook and a
Facilitator's Guide.

For Riddle and Dostal, the next step was
to become involved in a program funded
by the National Science Foundation (NSF)
to support them in becoming teacher lead-
ers (Strategy 15, Developing Professional
Developers). They were then prepared to
present the materials they had helped cre-
ate to their colleagues in the Northampton
school district.

The first year, 15 Northampton teachers
attended seminars (Strategy 13) that
helped them to explore mathematical
ideas and to analyze their own students'
mathematical thinking. The process of
observing carefully and writing thoughtful
descriptions of how their students solved
problems captured the teachers' imagina-
tions. Through discussion, they discov-
ered how they could build on student
ideas and use the resulting dialog as an
integral part of mathematics instruction.

Although the teachers received graduate
credit for their participation in the semi-
nars, Riddle and Dostal obtained funding
to provide each teacher with a small
stipend as well. This compensation
increased individual commitment to the
program.

The second year, an additional 15 teach-
ers signed up for the program, but 10
memhers of the nriginni grni in felt stmngly
that they wanted to keep on learning
together (Strategy 9, Study Groups). With
leadership from among the group and
combined funding from a grant from the
Northampton Education Association and
other local sources, the teachers continue
to meet to discuss their observations of
their students' mathematical thinking.
They are writing their own book of cases
to illustrate their learning.

Contact:
Jeffrey Korostoff. Associate Superintendent
Margie Riddle, Elementary Teacher
Nancy Dostal, Middle School Teacher
Northampton Public Schools
212 Main Street
Northampton, MA 01060
(413) 587 -1336 (continued)

Deborah Schifter
Education Development Center
55 Chapel Avenue
Newton, MA 02158-1060
(617) 547-7100, ext. 2564
E-mail: DeborahS@edc.org

Wilton, Connecticut, School District

A Program Honored by the U.S.
Department of Education's National
Awards for Model Professional
Development

The Wilton, Connecticut (PreK-12) School
District serves a predominately profession-
al/managerial community with a high per-
centage of commuters to nearby New York
City. This affluent suburban area has a
high concentration of college educated
residents; there are high community
expectations for education, together with a
strong local support for the continuing pro-
fessional development of teachers. The
district comprises five schools with an
enrollment of 3,100 students: 94 percent
are white, and only 5 percent qualify for
free or reduced price lunches.

Three factors were critical to the creation
of the professional development model
currently in place in Wilton:

1. A professional development plan was
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of district-sponsored activities to district
goals. Math and science were the
areas of initial emphasis.

2. Wilton schools serve a community with
very high expectations for education.
As a consequence, both standards and
rewards reflect the competitive nature
of the surrounding communities. The
district fosters an ethic of continuous
personal improvement. Teaching posi-
tions in the Wilton schools are highly
contested. There were more than 800
applicants last year.
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3. A lengthened workweek, moving from
37.5 to 40 hours, reflects a commit-
ment to the importance of ongoing pro-
fessional development. It also creates
a means to sustain professional devel-
opment activities across the school
year.

School Planning Teams (comprising teach-
ers, administrators, and parents) develop
school improvement plans that are driven
by four factors: district goals, curricular
needs, student assessment data, and
teacher performance needs. Historically,
two or three initiatives receive attention
for two or three years, resulting in a series
of specific in-house workshops focused on
improving teacher effectiveness.

In addition, a District Professional
Development Committee (comprising
teachers, administrators, and parents, and
chaired by a full-time teacher holding the
title "Instructional Leader for Professional
Development") develops the district-spon-
sored activities based on a district needs
assessment survey and discussions con-
cerning best practice. This district commit-
tee plans the Professional Development
Day, held in August each year. (Topics in
1997 included technology, reading and
writing across the curriculum, school cli-
mate, inclusion, student assessment, and
learning styles to motivate students.) The
committee also plans a series of high
interest strands addressed throughout the
year.

A bimonthly newsletter, distributed by the
district administrator for professional
development, lists all the conference and
workshop opportunities available in the
state and beyond. Time for these activi-
ties is created by banking hours in desig-
nated months for professional develop-
ment. No school or district meetings are
scheduled during the months of October,
January, and April. Consequently, the dis-
trict has been able to schedule multiple
workshops each week during these three
months. Professional development has
included the training of new teachers in
current programs, workshops for teachers
in new curriculum, and the opportunity for
individual schools to explore those areas
of greatest importance to them.
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The district supports a trainer-of-trainers
approach to capacity building: instructional
leadership is encouraged in the district.
More than 40 teachers currently hold
instructional leader roles (e. g., grade-level
or cross-grade team leaders, curriculum
coordinators, and special program direc-
tors) in addition to their regular teaching
responsibilities (Strategy 15, Developing
Professional Developers).

Nearly 60 teachers have completed the
state-sponsored BEST program, which
qualifies them to be mentors of new teach-
ers. New teachers are required to suc-
cessfully complete this program in order to
receive a provisional certificate. The
BEST program involves the veteran and
new teacher in the areas of peer coaching,
team teaching, and using instructional
resources (Strategy 10, Coaching and
Mentoring). All teachers in the district are
required to report back to their peers the
connection between the school/district
improvement plan and what they learned
from each professional development activ-
ity they attend. This includes sponsored
activities such as sabbaticals, confer-
ences, workshops, and distance learning
(any or all of which might be used towards
Continuing Educational Units).

An analysis of test data has been the pri-
mary catalyst for professional develop-
ment activities. Three questions have
been asked concerning both state and
national tests: (a) How does the district
compare nationally with similar suburban
districts and independent private schools?
(b) What are the district's strengths and
weaknesses in each grade level as they
reflect on curriculum? and (c) What is the
growth of each individual in each subject
area? Math emerged as an area of con-
cern, and after much discussion, the dis-
trict adopted the University of Chicago
School Math program. Following exten-
sive professional development, including
sending a team to work for a week at the
University of Chicago with the program
developers, the program has been intro-
duced through the grades (Strategy 3,
Curriculum Implementation). Last year the
high school SAT math scores were the
highest in Connecticut, and eighth grade
math students ranked first in the state on
the Connecticut Mastery Test.
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Contact:
Joyce Parker
Administrator for Elementary Curriculum and
Professional Development
Wilton Public Schools
395 Danbury Road
Wilton, CT 06897
203-762-3381 / Fax 203-762-2177

Woodrow Wilson Elementary School,
Manhattan, Kansas

A Program Honored by the U.S.
Department of Education's National
Awards for Model Professional
Development

Woodrow Wilson is one of 13 district
schools in Manhattan, Kansas, a small
university town (Kansas State University)
surrounded by rural communities. Wilson,
a K-6 school with 320 students, has the
following demographic characteristics: 80
percent are white,15 percent are African
American, 44 percent qualify for free or
reduced price lunches and 30 percent
receive special education services.

Three factors were critical to the develop-
ment of the professional development
model currently in place at Wilson:

1. The Quality Performance Accreditation
(QPA) initiative adopted by the State
Board of Education holds schools
accountable for demonstrating student
progress and mandates both site-
based councils and school improve-
ment plans. The QPA also requires a
professional development component
that must connect these activities with
their impact on instructional strategies.
This state initiative served to facilitate
site-based decision making and focus
thinking on individual school improve-
ment strategies.

2. Three teachers focused their efforts on
directing the faculty to reflect on the
meaning and subsequent improvement
of low student scores (initially) in

fourth-grade math and science.
Following a Summer Magnet School for
mathematics and problem solving
(involving voluntary participation by stu-
dents and teachers), teachers in all
grades embarked on a year-long study
of ways to implement the National
Council of Teachers of Mathematics
(NCTM) standards school-wide
(Strategy 1, Immersion into Solving
Mathematical Problems; Strategy 8,
Examining Student Work; Strategy 9,
Study Groups).

3. Wilson was invited by Kansas State
University (KSU) to become a
Professional Development School.
This initiative involved a number of
components that served to focus the
energy of the Wilson faculty on devel-
oping a plan for professional develop-
ment and raising questions about the
ways to improve student performance
in the targeted areas. For example, a
Wilson teacher was appointed a
Clinical Instructor, with KSU supporting
her half time out of the classroom; KSU
faculty worked alongside several
Wilson teachers with preservice and
inservice teachers; KSU students,
working alongside Wilson teachers,
sponsored after-school clubs focused
on math and science, which extended
the learning time for students (Strategy
11, Partnerships).

The content of the school improvement
plan is developed by teachers after analy-
sis of student achievement data and a sur-
vey requestina teachers' priorities for pro-
fessional development. Summer study
groups and action research projects fuel
this discussion and planning. Teachers
use a combination of two 90-minute blocks
of time each month (the time is recovered
for professional development by reducing
monthly faculty meetings from four to two),
as well as creative use of KSU students
and selective use of substitute teachers to
craft opportunities for professional devel-
opment activities. An important time for
teachers to practice instructional innova-
tions and to do peer observations is creat-
ed by the after-school clubs designed
around math and problem solving. This is
a volunteer activity for teachers and KSU
students (Strategy 6, Action Research;
Strategy 9, Study Groups; Strategy 10,
Coaching and Mentoring).
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The Clinical Instructor (CI) is a key actor in
this professional development plan.
Released half time from the classroom
(with funding from the KSU Professional
Development School initiative), the CI
facilitates the activities, which have been
focused on math and science problem
solving. In addition, the CI has coordinat-
ed field experiences in the school, taught
university seminars and math and science
methods courses, and mentored preser-
vice and inservice teachers. In particular,
the Wilson faculty has focused on problem
solving in math, hands-on science, collab-
oration and networking, and raising expec-
tations concerning students.

The professional development activities
instituted by the Professional Development
Committee at Wilson are forwarded yearly
to the District Professional Development
Council (comprising teacher representa-
tives from each school, administrators,
and central office personnel). Here school
plans are assessed for their incorporation
of district and state goals and for their effi-
cient use of professional development
funds. The District Staff Development
Office offers support primarily in the areas
of evaluation and assessment, and
"capacity building workshops" (e.g., perfor-
mance assessment, integrated curriculum,
collaborative teaching, and development
learner outcomes). A trainer-of-trainers
model is used (Strategy 15, Developing
Professional Developers). The Manhattan
District is an active member in the KAW
Valley Inservice Consortium, and in the
"writing and performance assessment con-
sortiums" of KWAC and KPAC.

Wilson has used a combination of Kansas
assessment tests, curriculum tests, and
performance-based tests to monitor the
impact of their work in math and problem
solving on student achievement. They
have posted large gains on the Kansas
math tests (especially for girls).

Contact :
Melisa J. Hancock
5th Grade Teacher
Woodrow Wilson Elementary School
312 N. Juliette Avenue
Manhattan, KS 66502
(913) 587-2170 / Fax (913) 539-8024
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SECTION IV

Technical
Assistance Providers
Additional Programs

SOURCES OF TECHNICAL ASSISTANCE

Eisenhower National Clearinghouse,
Eisenhower Regional Consortia, and Regional Laboratories.

The National Network of Eisenhower Regional Consortia and Clearinghouse work together for the
improvement of mathematics and science education. Along with the Regional Labs, NNERCC is
funded by the U.S. Department of Education. ENC is a source for information about curriculum
materials and professional development. The Consortia were created to provide technical assis-
tance and professional development opportunities on topics important to their regions and the
nation. The Labs provide many of the same services for all subject areas and are involved in edu-
cation research and development.

National_
Clearinghouse

Eisenhower National Clearinghouse (ENC)
The Ohio State University
1929 Kenny Road
Columbus, OH 43210-1079
(Ron) 621-5785
(614) 292-7784 / Fax: (614) 292-2066
E-mail: info @enc.org
http://www.enc.org

Appalachia
Region

States Served: Kentucky, Tennessee,
Virginia, West Virginia

Eisenhower Regional Math/Science Consortium at
AEL
1700 North Moore Street, Suite 1275
Arlington, VA 22209
(800) 624-9120
http://www.ael.org/eisen/
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Appalachia Educational Laboratory, Inc. (AEL)
1031 Quarrier Street
PO Box 1348
Charleston, WV 25325
(800) 624-9120
(304) 347-0400 / Fax: (304) 347-0487
http://www.aeLorg/

Far West
Region

States Served: Arizona, California,
Nevada, Utah

WestEd Eisenhower Regional Consortium for
Science and Mathematics Education
730 Harrison Street
San Francisco, CA 94107-1242
(415) 241-2730 / Fax: (415) 241-2746
http://www.wested.org/werc/

WestEd
730 Harrison Street
San Francisco, CA 94107
(415) 565-3000 / Fax: (415) 565-3012
httplIwww.wested.org/ 53



Mid-Atlantic
Region

States Served: Delaware, Washington
DC, Maryland, New Jersey, Pennsylvania

Mid-Atlantic Eisenhower Consortium for
Mathematics and Science Education
Research for Better Schools
444 North Third Street
Philadelphia, PA 19123
(215) 574-9300 / Fax: (215) 574-0133
http://www.rbs.orgleisenhower

Laboratory for Student Success (LSS)
933 Ritter Annex
13th and Cecil B. Moore
Philadelphia, PA 19122
(215) 204-3001
http://www.temple.edu/LSS/

Mid-continent
Region

States Served: Colorado, Kansas,
Missouri, Nebraska, North Dakota,
South Dakota, Wyoming

Eisenhower High Plains Consortium for
Mathematics and Science
2550 South Parker Road, Suite 500
Aurora, CO 80014
(800) 949-6387
(303) 743-0990 / Fax: (303) 337-3005
httplIwww.mcrel.org/hpc

Mid-Continent Regional Educational Laboratory
(McREL)
2550 S Parker Road, Suite 500
Aurora, CO 80014
(303) 337-0990 / Fax: (303) 337-3005
http://www.mcrel.org/

North Centra
`region

States Served: Illinois, Indiana, Iowa,
Michigan, Minnesota, Ohio, Wisconsin

Midwest Consortium for Mathematics and Science
Education
1900 Spring Road, Suite 300
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Oak Brook, IL 60521-1480
(630) 571-4700 / Fax: (630) 571-4716
http://www.ncrel.org/msc/msc.htm

North Central Regional Educational Laboratory
(NCREL)
1900 Spring Road,
Suite 300
Oak Brook, IL 60521
(630) 571-4700 / Fax: (630) 571-4716
httplIwww.ncrel.org/

Northeast and Islands
Region

States / Areas Served: Connecticut,
Maine, Massachusetts, New Hampshire,
New York, Rhode Island, Vermont, Puerto
Rico, Virgin Islands

Eisenhower Regional Alliance for Mathematics and
Education Reform
TERC
2067 Massachusetts Avenue
Cambridge, MA 02140
(617) 547-0430 / Fax: (617) 349-3535
http://www.ra.terc.edu

Lab at Brown University Education Alliance (LAB)
222 Richmond Street, Suite 300
Providence, RI 02903
(800) 521-9550
(401) 274-9548 / Fax: (401) 421-7650
http://www.vlab.brown.edu/

Northwest
Region

States Served: Alaska, Idaho, Montana,
Oregon, Washington

Science and Mathematics Consortium for Northwest
Schools
Columbia Education Center
171 NE 102nd Avenue
Portland, OR 97220-4169
(503) 252-4999 / Fax: (503) 252-4866
http://www.col-ed.org/smcnws/

Northwest Regional Educational Laboratory
( NWREL)

101 SW Main Street, Suite 500
Portland, OR 97204
(800) 547-6339
(503) 275-9500 / Fax: (503) 275-9489
hapilwww.nwrel.org/
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Pacific
Rem n

States / Areas Served: American Samoa,
Commonwealth of the Northern Mariana
Islands, Federated States of Micronesia
(Chuuk,Kosrae, Pohnpei, Yap), Guam,
Hawaii, Republic of the Marshall Islands,
Republic of Palau

Pacific Mathematics and Science Regional
Consortium
Pacific Resources for Education and Learning
828 Fort Street Mall, Suite 500
Honolulu, HI 96813-4321
(808) 533-6000 / Fax: (808) 533-7599
http://prel.hawaii.edu/math-science/

Pacific Resources for Education and Learning
(PREL)
828 Fort Street Mall, Suite 500
Honolulu, HI 96813
(808) 533-6000 / Fax (808) 533-7599
http://www.prel.hawaii.edulindex.html

Southeast
Region

States Served: Alabama, Florida,
Georgia, Mississippi, North Carolina,
South Carolina

Eisenhower Consortium for Mathematics and
Science Education at SERVE
345 South Magnolia Drive, Suite E-22
Tallahassee, FL 32301
(850) 671-6033 / Fax: (850) 671-6010
http://www.serve.org/Eisenhower/

SouthEastern Regional Vision for Education
(SERVE)
PO Box 5367
Greensboro, NC 27435
(800) 755-3277
(910) 334-3211 / Fax: (910) 334-3268
http://www.serve.org/

Southwest

States Served: Arkansas, Louisiana, New
Mexico, Oklahoma, Texas

Southwest Consortium for the Improvement of
Mathematics and Science Teaching
211 East Seventh Street
Austin, 7X 78701-3281
(512) 476-6861 / Fax: (512) 476-2286
http://www.sedl.org/sedl/scimast.html

Southwest Educational Development Laboratory
(SEDL)
211 East Seventh Street
Austin, 7X 78701
(512) 476-6861 / Fax: (512) 476-2286
http://www.sedl.org/

Other Technical Assistance Providers

American Association for the Advancement of
Science (AAAS). Washington, D.C. (202) 326-6400.

Association for Supervision and Curriculum
Development (ASCD). Alexandria, VA
(703) 549-9110.

Center for Case Studies in Education. Pace
University, Pleasantville, NY (914) 773-3879.

Cognitively Guided Instruction Project. University
of Wisconsin at Madison, WI (608) 263 -4265.

Distance Learning Resource Network (DLRN).
Technology in Education Program, WestEd, San
Francisco, CA (510) 587-7304.

Developing Mathematical Ideas Institute. Education
Development Center, Newton, MA (617) 969-7100.

Great Explorations in Mathematics and Science.
Lawrence Hall of Science, University of California,
Berkeley, CA (510) 642-9635.

GroupSystems, Ventana Corporation, Tucson, AZ
(520) 325-8228.

Industry Initiatives for Science and Math Education
(IISME). Lawrence Hall of Science, University of
California, Berkeley, CA (415) 326-4800.
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OTHER PROGRAMS

This section contains brief descriptions
and contact information for additional pro-
fessional development programs for teach-
ers in grades K-8.

The Algebra Project

The Algebra Project is an innovative cur-
riculum that uses real-life experiences and
examples to help inner-city and rural stu-
dents gain a rich understanding of mathe-
matics. Training for teachers introduces
new curriculum materials and teaching
strategies and assistance in implementing
the use of concrete experiences in devel-
oping mathematical concepts. This project
is being used in school districts across the
country, including Chicago, Atlanta, and
rural districts in the Mississippi Delta area.
Parents and community organizations
have been key to implementing this pro-
ject and providing additional classroom
support to teachers.

Contact:
Bob Moses, President
The Algebra Project, Inc.
99 Bishop Allen Drive
Cambridge, MA 02139
(617) 491-0200 / Fax: (617) 491-0499
E-mail: ben.moynihan@bbs.serve.org

The Math Mentor Project

This project was created for teachers of
kindergarten through eighth grade in
schools with large minority and under-
served populations. The goals of Math
Mentor are to strengthen teachers' mathe-
matics content knowledge while increasing
their use of hands-on and problem solving
teaching practices in order to improve the
achievement of their students. After this
program, participants go on to serve as
methematics mentors in their own schools
and districts.

The training program consists of a sum-
mer institute and sessions throughout the
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academic year, with a new mathematical
topic every year. Participants use the
manipulatives and materials that students
would use as they learn both new meth-
ods and new content. During the academ-
ic year, the sessions focus on implementa-
tion of the activities used in the summer.
The experience also gives teachers the
opportunity to discuss and reflect on what
activities worked and how to improve their
practices.

Contact:
Charles P. Geer, Project Co-director
College of Education, Texas Tech University
PO Box 41071
Lubbock, 7X 79409-1071
(806) 742 -1997, Ext. 276 / Fax: (806) 742 -2179
E-mail: c.geer@ttu.edu

PBS Mathline

This professional development resource
combines instructional technologies and
encourages teachers to collaborate to
investigate, discuss, and improve their
teaching practices. Teachers of primary,
middle, and high school students gather in
communities facilitated by experienced
teachers to watch video lessons. These
videos show classrooms that use stan-
dards-based instruction, and provide
opportunities for viewers to discuss and
reflect on the practices used. Lesson
guides and online discussions allow teach-
ers to participate at any time that is conve-
nient for them, and interactions can take
place within a school or across the coun-
try.

Contact:
http:/lwww.pbs.org/learn/mathline/

Teaching Math: Annenberg/CPB Math and
Science Collection

This video library is designed for use in
preservice and inservice workshops, by
individual teachers, in parent association
meetings, and by school administrators.
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The library began when the
Annenberg/CPB Math and Science Project
issued a call for visual examples of
dynamic teaching that illustrates the cur-
riculum content and process areas out-
lined in the NCTM Curriculum and
Evaluation Standards for School
Mathematics (1989). The videos provide
viewers with the opportunity to observe a
wide range of teacher created lessons
from various curricula in diversified educa-
tional settings. Each video ends with
analysis questions intended to spark dis-
cussion and reflection. Also included with
the video is a guidebook consisting of indi-
vidual units to accompany each lesson
segment. Each unit presents an overview
of the lesson and an exploration activity
for teacher workshops, as well as informa-
tion on the classroom and a list of ideas.

Contact:
Corporation for Public Broadcasting (CPB)
The Annenberg/CPB Math and Science Collection
Dept C-96
PO Box 2345
South Burlington, VT 05407-2345
(800) 965-7373
Fax: (802) 864-9846
http://www.learnerorg/

California Mathematics Project (CMP)

The CMP provides professional develop-
ment through a statewide network of 17
sites, with specific initiatives for each
regional area of the state. Programs are
available for teachers of grades K-12, and
based on the idea that increased teacher
knowledge in mathematics content and
pedagogy will improve student achieve-
ment. Collaborations with community col-
lege and university faculty enhance
teacher learning in both mathematics con-
tent and innovative teaching practices.
The statewide network relies on a teach-
ers-training-teachers model to reach as
many teachers as possible. Activities
include workshops and summer institutes
with academic-year support and follow-up.
More than 7,000 teachers participate in
CMP activities every year.

Contact:
Nicholas Branca, Executive Director
California Mathematics Project
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6475 Alvarado Road, Suite 206
San Diego, CA 92120-5006
(619) 594-5081 / Fax: (619) 594-1581
E-mail: nbranca@sunstroke.sdsu.edu

Project PRIME: Promoting Reform in
Mathematics Education

PRIME is a five-year training program to
enhance the mathematical knowledge and
leadership skills of teachers of grades 3-8.
The goal is to select teams of teachers
from the middle school and feeder ele-
mentary schools. The program adopts an
integrated approach to the teaching of
mathematics to blend the teaching of
subject matter with the use of problem
solving and technology.

Teachers participating in PRIME are pro-
vided with various support activities during
the academic year including team meet-
ings, inservices, and classroom visits by
PRIME faculty and support teachers, peer
teachers, and evaluation team members.
During the academic year, the support
teachers have a unique role as the key
link between the University of Arizona
Department of Mathematics and the
participating schools. To facilitate the
implementation of the goals of the pro-
gram, the participating school districts
equip the classroom of each participating
teacher with a set of calculators, a micro-
computer with overhead and LCD panel,
selected manipuiatives, and software.

Contact:
Elias Toubassi & Marta Civil, Project Directors
University of Arizona, Department of Mathematics
PO Box 210089
617 N. Santa Rita
Tucson, AZ 85721
(520) 621-6881 / Fax: (520) 621-8322
E-mail: elias@math.arizona.edu

Rational Number Project: Middle Grades
Teacher Enhancement

The goal of this project is to develop
teacher enhancement programs that assist
teachers as they implement National 57



Science Foundation (NSF)-sponsored cur-
ricula. The Rational Number Project has
sites across the country. At one site,
Minneapolis-area teachers attend four-
week summer institutes during this two-
year program, and attend meetings during
the academic year. During the institutes,
teachers use activities that emphasize
hands-on methods; they also conduct
research on various topics, including gen-
der issues and learning theory.

Follow up consists of visits from project
staff during the academic year. In the first
year, teachers implement specific units
and activities, and during the second year
they implement a new curriculum with on-
site support. The project is creating a
handbook to assist teachers in choosing
and implementing new NSF-sponsored
curricula.

Contact:
Thomas Post, Project Co-director
University of Minnesota-Twin Cities
159 Pillsbury Drive, SE
Minneapolis, MN 55455-0208
(612) 625-0069 / Fax: (612) 624-8277
E-mail: postx001@maroon.tc.umn.edu
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Ideas that Work

OrfOr r t7- / ofW alg
PLEASE SEND ME SINGLE COPIES OF THE FOLLOWING FREE ENC MATERIALS: (Available while supplies last)

ENC Focus Using Children's Literature in Math and Science Guidebook of Federal Resources for K -12 Mathematics and Science

ENC Focus Professional Development for Math and Science ENC CD Reform in Math and Science Education, Vol. 2

ENC Focus CD-ROMs and Laserdiscs for Science ENC CD Making Schools Work for Every Child, Vol. 3, No. I

ENC Focus Calculator-Active Materials ENC CD Tools for Discussion: Attaining Excellence Through TIMSS,

ENC Focus Multicultural Approaches in Math and Science Vol. 3, No. 2

1:1 ENC Update (future issues)

All of ENC's publications (current and out-of-print) are available through ENC Online (http://www.enc.org/)

Name:
(please print)

Position(s):

School or Institution:

Mailing Address:

last first middle

City State Zip (+ 4)

Phone: )

Fax: )

E-mail Address:

ABOUT THIS PUBLICATION
How useful was this publication? Very useful Useful Of little use Of no use

How did you obtain this publication?
It was mailed directly to me by the Clearinghouse I received it from another teacher

n I received it from an administrator in my building I received it from an administrator in my district
I picked it up at a(n) meeting Other:

Did you pass this publication on to another educator (either the original or a photocopy)? Yes No

OPTIONAL: Please provide the following information to help us better serve you.

Sex: Male Female Age

Ethnicity: American Indian or Alaskan Native Asian or Pacific Islander

Black, not of Hispanic origin Hispanic
White, not of Hispanic origin Other:

Do you have easy access to a(n): Macintosh computer IBM/PC or compatible?
Do you have easy access to a computer which: Has a modem Has a CD-ROM drive?
Do you have easy access to: The Internet Other local, state, regional, or commercial networks?

name the other network(s):
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Tape Here Do Not Staple

For All Educators (please check all that apply):

Years of K-12 teaching experience Is your institution:

Are you currently: A classroom teacher
A school administrator
A teacher educator

Is your area: Science education

OA school department chair
A district administrator

OA college faculty member

Mathematics education

I:1 Public Private

A curriculum specialist
OA librarian

Other

Elementary education
Some other area

Teachers, please circle those grades which you teach

Administrators, circle those for which you have responsibility K 1 2 3 4 5 6 7 8 9 10 11 12

Teacher educators, circle those for which you prepare teachers

For KI 2 Teachers and Administrators:
Your school designation (e.g., Elementary, Middle, High,...)

Would you describe your district as: Rural Suburban Urban

06/29/95 ENC FEEDBACK FORM #9a Approved by OMB No. 1850-0693 Expires 9/30/98

aJaH
dwels

apEld

6L0 1 -0 I UV HO `snawmoD
411 ANN3)I 6t6 I

,l1ISII3AINfl 31V1S 01H0 3F11
3S110FIDNI12N31D 1YNOIIYN 113MOHN3SI3

Fold Here First
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To order copies of Designing Professional Development for
Teachers of Science and Mathematics, fill out the form below!

ORDER FORM
(For faster service, photocopy this form and send with your P.O.)

CORWIN PRESS, INC.
A Sage Publications Company
2455 Teller Road
Thousand Oaks, CA 91320-2218

Federal ID Number 77-0260369

(Professional books may be tax-deductible.)

Ship to
Name

Title

Institution

Address

City

Country

D83151

Call: 805-499-9774 or
Fax: 805-499-0871 or

E-mail: order@corwinpress.com
http://www.corwinpress.com

State ZIP + 4

Telephone (Required for bill-me orders) ( )

Bill to (if different) P.O.

Institution

Attn.

Address

City State

Country

Method of Payment

ZIP + 4

(Z1 Check enclosed # Duc*I1

Account Number Exp. Date

Signature

Please send me your latest free catalog.

Please send me information on

Ot%. I ilk: I look No.

Designing Professional Development
for Teachers of Science and
Mathematics

* Shipping and handling charges
are $3.50 for the first book and
$1.00 for each additional book.
These charges apply to all orders,
including purchase orders and those
prepaid by check or credit card. All
orders are shipped Ground Parcel
unless otherwise requested. Dis-
counts are available for quantity
orders call Customer Service.
Prices subject to change without
notice. In Canada, please add 7%
GST (12978 6448 RT) and remit
in U.S. dollars. Thank you.

6662-8 (Paper)

6661-X (Cloth)

t nit
Price

$29.95

$69.95

Total Book Order

In IL, add 61/4% Sales Tax

In MA, add 5% Sales Tax

In CA and NY, add

appropriate Sales Tax

In Canada, add 7% GST*

Subtotal

Handling Charges*
Amount Due
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