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Learning mathematics in the middle
grades is a critical component in the
education of our nation’s youth.  The
mathematics foundation laid during
these years provides students with the
skills and knowledge to study higher
level mathematics during high school,
provides the necessary mathematical
base for success in other disciplines such
as science, and lays the groundwork for
mathematically literate citizens.  A
variety of evidence suggests that the
mathematics education landscape is
shifting and evolving rapidly.  Below
average mathematics achievement
scores for grade eight U. S. students as
reported in the Third International
Mathematics and Science Study (TIMSS)
(U.S. Department of Education, 1996)
stimulated national concern leading to a
variety of activities and proposals focus-
ing attention on mathematics education.
Data from the National Assessment of
Educational Progress (NAEP) (National
Center for Education Statistics, 1997)
indicates that while the nation has
demonstrated progress over time, the
achievement levels for all students are
not yet satisfactory.  Research about
mathematics education has begun to
have implications for classroom practice.
States are setting high standards for
student achievement and aligning their

assessments with those standards.  The
National Council of Teachers of Math-
ematics (NCTM) is preparing Principles
and Standards for School Mathematics, an
updated version of its previous standards
documents:  Curriculum and Evaluation
Standards for School Mathematics,
(NCTM, 1989); Professional Standards for
Teaching Mathematics, (NCTM, 1991);
and Assessment Standards for School
Mathematics, (NCTM, 1995).

As educators focus on improving
mathematics education, they face a
variety of issues.  The problems of
middle grades mathematics education
are substantial and differ from those at
the elementary and secondary levels.
There are issues about:

• Content.   What mathematics content
is appropriate?  How can the charac-
terization of the U.S. mathematics
curriculum as a  “mile wide, inch
deep” be addressed?  How can the
mathematics curriculum be strength-
ened yet respect the development
issues so central to middle grades
students?  What is the nature of
algebra at the middle grades and how
does it influence the curriculum?

• How middle grades students
learn mathematics.   What is the
balance between conceptual under-

Preface
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standing and practice?  What is the
role of manipulatives in helping
students learn?  How do students build
understanding of a concept over time?

• Teaching mathematics at the
middle grades.   To what extent
do teacher background and prepara-
tion specifically for the teaching of
mathematics have an impact on what
students learn?  How can the issue of
specialist versus generalist be re-
solved? What teaching practices are
most effective with middle grades
students?  How can teachers help
students grow as individuals yet
ensure that they learn mathematics?

• School organization and its
relation to the teaching and
learning of mathematics.   How
does the study of mathematics fit into
the “house” concept?  What are the
characteristics of school structures
that promote mathematics learning?
Are cross-disciplinary teams compat-
ible with vertical articulation?  What
are the effects of school organization,
scheduling, and philosophy on the
mathematics program?

• Research.   How can the knowledge
gained from research be used to
improve teaching and learning of
mathematics in the middle grades?
How can an agenda for continued
research that builds on the state of
the field as well as moves the thinking
forward be framed?  What help do
teachers need to translate research
into practice?  How might teachers
become researchers themselves as

they reflect on their practice and on
ways to improve?

These issues contribute to the
challenge of improving mathematics
education at the middle grades.
Change in schools and in teaching
practice has been slow to occur.
Evidence is mixed about the effects
and directions of ef forts to improve
mathematics education.  Engaging
the community at large in conversa-
tion about their goals and perspec-
tives is a critical step to help the
nation raise the bar and maximize
opportunities for all middle grades
children in its schools.  The dialogue
and shared visions that occurred at
the Convocation—plenary sessions,
panels, and small group discus-
sions—can set the stage for making a
dif ference.
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1

As representatives of the co-sponsor-
ing organizations and the education
community, we would like the Convoca-
tion to be viewed as the first step in a
continuing dialogue.  In particular, we
hope that the essence of the Convocation
will be replicated by states and regional
groups affiliated with the parent organi-
zations.  To support such state and
regional groups, the thinking and struc-
ture we used to design the program is
described below.  The intent was to
contrast the perspectives brought by
each of the sponsoring organizations and
their constituencies, to raise issues about
these perspectives, to promote interac-
tion, and, through small discussion
groups, to engage participants in reflect-
ing on their own role in middle grades
mathematics education.  To reinforce the
points illustrated by the plenary speak-
ers, the small group discussions involved
participants in an analysis of a “site of
practice,” grounding the conversation in
what teachers and students actually do in
classrooms.  Discussion group leaders
were given instruction and direction for
working with their groups following the
opening plenary session and were
provided with complete packets of

materials for use with their groups over
the two days.  Before the conference,
participants were given materials as
background reading and to help them
begin to focus on the issues framing the
Convocation. (See page 5.)

The Convocation began with speakers
who presented teaching middle school
mathematics from two points of view:
teaching mathematics with a focus on the
subject matter content or teaching math-
ematics with a focus on the whole child
and whole curriculum.  The purpose of
this session was to set the stage for
thinking about middle grades mathemat-
ics classrooms from these two perspec-
tives and to stimulate thinking throughout
the rest of the Convocation about teaching
and learning mathematics through these
different lenses.  Within this framework,
the Convocation was organized around
three central themes with a set of organiz-
ing questions for each theme:

• content and learning in middle grades
mathematics;

• middle grades mathematics teaching; and
• organization of middle grades instruc-

tional programs and their impact on
mathematics teaching and learning.

Letter from the Program
Steering Committee

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


2 M AT H E M AT I C S  E D U C AT I O N  I N  T H E  M I D D L E  G R A D E S

Each of these themes was introduced
with a plenary session, where individual
speakers or a panel described some part
of the landscape.  Discussion groups that
addressed the issues in terms of an
activity selected from the actual practice
of teaching followed the first two plenary
sessions.  The discussion groups were
composed of ten or fewer participants
that by design represented a mix of three
groups: classroom teachers, teacher
educators and university representatives,
and those in some way responsible for a
system including administrators, repre-
sentatives from state and local systemic
initiatives, and curriculum supervisors.
In addition, time was provided for district
teams to meet and address their con-
cerns in light of the Convocation conver-
sation.  The teams were configured
differently depending on the needs of the
system they represented, with some
team members from a given school
district while other teams were a blend of
teachers and university mathematics
educators with common goals for a
district.

THE CONVOCATION THEMES

Middle Grades Content and
Learning Issues

The plenary session on content and
learning mathematics in the middle
grades focused on the questions:

• What developmental considerations
are important in thinking about
middle school students as learners?
as learners of mathematics?  Are
these compatible?

• What do we know about middle
school students’ capacity for learning?
for learning mathematics?

• What are important ideas in math-
ematics for the middle grades and
how are these related to developmen-
tal learning considerations?

There were two speakers, one
presenting a middle grades perspective
about learning, including comments
about thematic units and integrated
curricula, and the second addressing
how students learn certain mathemat-
ics concepts in the middle grades from
the perspective of mathematics educa-
tion research. The discussion group
participants worked through Marcy’s
Dots (see page 58), an algebraic rea-
soning problem from the 1992 National
Assessment of Educational Progress,
then reflected on student strategies
(Appendix 4, page 240) in light of their
own thinking.  This was followed by a
discussion about learning mathematics
based on the middle grades algebra
section from the 1998 National Council
of Teachers of Mathematics Principles
and Standards for School Mathematics:
Discussion Draft using the lens of the
child and the lens of content.
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P R O G R A M  S T E E R I N G  C O M M I T T E E 3

Middle Grades Teaching Issues

Two videos about the practice of
teaching were the focus of the plenary
session on teaching.  In the first video,
students discussed the nature of
mathematics teaching and how they
had learned mathematics through the
actions and beliefs of their teacher.
The second featured an eighth grade
class during a lesson on algebraic
thinking.  The audience was asked to
view the videos in light of the following
questions:

• What are the important characteris-
tics of effective teaching in the
middle grades?  of effective teaching
of mathematics in the middle
grades?

• How can instruction in middle grades
classrooms be organized to maximize
learning?  How can we tell when
learning is happening?

• What tools and strategies will make a
difference in how middle grades
students learn mathematics?

Following each video a panel
composed of a middle grades teacher,
a mathematician, and a mathematics
educator reacted to the three ques-
tions.  The comments and reactions
of the panel within the framework of
the focus questions were used to
shape the participant discussion
sessions.

Middle Grades School
Organizational Issues

How middle grades are organized and
the impact of that organization on the
teaching and learning of mathematics
was the theme of a panel discussion in
this plenary session.  Panelists were
asked to consider:

• What are the important characteris-
tics of school organization and math-
ematics programs that support
teaching and learning meaningful
mathematics in the middle grades?

• How can the schedules of teachers and
students be organized to implement
what we know about effective teaching
and learning in the middle grades?

• What are the issues surrounding
specialists vs. generalists?  What kind
of teaching assignments maximize
program effectiveness in mathematics?

Following the panel presentation, the
panelists were asked to address specific
questions raised during the Convocation
with questions and reaction from the
audience.  The chair of the Steering
Committee gave a closing summary of
the issues and challenges raised during
the Convocation.

It is our hope that this overview will
be useful for the reader to both under-
stand the nature of the Convocation and
to think about the design as one that
might energize other communities to
structure a similar venture.

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


5

As an initial step to address national,
state, and local issues of teaching and
learning mathematics in the middle
grades, the Mathematical Sciences
Education Board (MSEB) of the Na-
tional Research Council’s Center for
Science, Mathematics, and Engineering
Education (CSMEE), the American
Educational Research Association
(AERA), the National Council of Teach-
ers of Mathematics (NCTM), and the
National Middle School Association
(NMSA) co-sponsored a National
Convocation on Middle Grades Math-
ematics.  The Convocation was held at
the National Academy of Sciences in
Washington DC, on 25-27 September
1998 with support from the U.S. Depart-
ment of Education and the AERA.  The
goals of the Convocation were to

• challenge the nation’s mathematical
sciences community to focus its
energy and resources on the improve-
ment of middle grades mathematics
education and

• begin an ongoing national dialogue
on middle grades mathematics
education, bringing together those
with different perspectives and

responsibilities to jointly consider
the issues.

The Convocation consisted of plenary
sessions attended by all of the partici-
pants and small focused discussion
groups.  Over 400 participants including
mathematicians, mathematics teacher
educators, state and district mathemat-
ics education policy makers, national
policy makers, mathematics education
researchers, classroom teachers,
curriculum developers, and school
board members attended the Convoca-
tion.  Some of the attendees came as
individuals.  Many others were mem-
bers of the more than 50 district teams
that addressed the issues in terms of
their own communities and needs.

Prior to the convocation, attendees
reviewed the following background
materials:

• a paper commissioned for the Convo-
cation, “What is 8th Grade Mathemat-
ics:  A Look from NAEP” by John
Dossey,

• the abridged version of Turning
Points from the Carnegie Council on
Adolescent Development,

Executive Summary

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


6 M AT H E M AT I C S  E D U C AT I O N  I N  T H E  M I D D L E  G R A D E S

• This We Believe from the National
Middle School Association,

• an article from the Kappan Articles
online, “Speaking with One Voice, a
Manifesto for Middle-Grades Reform”
by Joan Lipsitz, Hayes Mizell, An-
thony Jackson, and Leah Meyer
Austin, and

• “Middle Grades Mathematics Educa-
tion:  Questions and Answers” a paper
prepared by Andrew Zucker for the
U.S. Department of Education

On the first evening of the Convoca-
tion, Dr. Bruce Alberts, President of the
National Academy of Sciences, wel-
comed the group and spoke of the need
to invest ourselves in improving educa-
tion and to be open to new ways to meet
the challenges of the task.  He was
followed by the Honorable C. Kent
McGuire, Assistant Secretary, Office of
Educational Research and Improve-
ment, who brought greetings from the
U.S. Department of Education.  The
Convocation Program Steering Commit-
tee Chair, Edward Silver, University of
Pittsburgh, offered brief remarks about
the goals of the Convocation and set the
stage for the rest of the activities.  Two
presentations followed, each represent-
ing a different perspective. Glenda
Lappan, Michigan State University,
discussed the importance of laying a
firm foundation for understanding
mathematics during the middle years.

She noted the dual goals of respecting
the developing capabilities of middle
school students while engaging these
energetic adolescents in learning
mathematics for their own future.
Rather than listing a set of topics, she
proposed a strand approach to the
mathematics students should learn that
would be central to further study of
mathematics or to being a good and
productive citizen. Thomas Dickinson,
Indiana State University, then used
“small stories” as a way to characterize
successful middle schools.  He dis-
cussed development in the context of
the child as well as development and its
connection to teaching.  He gave several
examples of teachers teaching individu-
als, and teachers teaching mathematics
where development was placed within a
context of individuals and the individu-
als in a context of learning.

CONTENT AND LEARNING ISSUES

After greetings from Luther Williams,
Assistant Director, Directorate for Educa-
tion and Human Resources, National
Science Foundation, the first focus of the
second day of the Convocation was on
content and learning mathematics at the
middle grades.  Nancy Doda, from
National-Louis University, spoke of a
crossroads in middle school reform.  She
noted the need for a reexamination of the
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fundamental philosophy of the middle
school concept to understand what is
needed to ensure academic success for all
children.  Doda contended that in many
cases, middle schools have been more
successful in altering aspects of climate
and structure than of the curriculum and
instruction.  There is now a pressing
demand to refine the elements of the
middle school concept to build an explor-
atory curriculum that is also intellectually
demanding.

Kathleen Hart, the University of
Nottingham, based her remarks on
projects from the United Kingdom.
Middle grades are recognized as the
time students should move from the
concrete to the abstract, but the transi-
tion must be carefully developed so that
understanding emerges.  She gave
examples where the children she
studied did not connect concept devel-
opment with formal work with algo-
rithms, often due to the fact that teach-
ers did not make strong connections
between the two.  She noted how
important it is for teachers to under-
stand where mathematical ideas are
leading and to be ready to build on the
different pieces of knowledge individual
children take away from a lesson.

Following the plenary session, partici-
pants engaged in a mathematical task in
small discussion groups (Marcy’s dots,
see page 58).  They were asked to
reflect on the mathematics involved and

to analyze student responses as a
backdrop for their discussion about
content and learning mathematics in the
middle grades.

TEACHING ISSUES

The afternoon sessions were focused
on teaching in the middle grades.  In the
plenary session, participants viewed two
video clips. Nanette Seago, California
Mathematics Renaissance Project,
showed a videotape of an eighth grade
class during a lesson on patterns in
algebra. The viewers considered how
listening to conversations among
students enables teachers to learn about
student understanding.  Groups dis-
cussed the decisions the teacher made
as she pursued the lesson and reflected
on the impact of these decisions on the
outcome of the lesson.

Linda Foreman, Portland State
University, showed a videotape of
middle grades students making a
presentation at the 1998 National Coun-
cil of Teachers of Mathematics Annual
Meeting in Washington, DC.  The
students spoke about what they had
learned in mathematics and what their
teacher had done to enable that learning
to happen.  In particular, the students
recognized and supported the notion
that learning did not take place without
some “disequilibrium” and that strug-
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gling with learning was a natural part of
the process.  These students had been
taught by Foreman for four years, and
she suggested that structuring learning
so students and teachers stay together
over time is one way to create a success-
ful community of learners.

A panel consisting of Hyman Bass, a
mathematician from Columbia University,
Deborah Ball, mathematics educator from
the University of Michigan, and Sam
Chattin, a middle grades teacher from
William H. English Middle School in
Scottsberg, Indiana, reacted to each
videotape.  Bass observed the blend of
algebra and geometry in both videos and
noted that use of video might be an
appropriate tool to help bridge the gap
between mathematics as content and
mathematics in practice.  Chattin’s com-
ments related to the environment estab-
lished by the teacher in each case as
evidenced by the kinds of questions and
answers and by the confidence students
displayed about their work.  Ball framed
her remarks around the interplay between
the mathematics to be learned and the
role of discussion where the teacher’s
decision about how to frame a question
and how to respond drives what students
learn.  In the small group discussion
session that followed, the participants
were asked to reflect on teaching issues
raised by the videotapes as well as on the
use of videotape as a means for stimulat-
ing reflection and discussion.

ORGANIZATIONAL ISSUES

The last theme of the Convocation was
the organization of schools for middle
grades students and its relation to
teaching and learning mathematics.  A
panel presentation framed the issues for
discussion.  Craig Spilman, a principal
from Canton Middle School in Baltimore,
MD, emphasized the need to make
intelligent use of data to promote articu-
lation among elementary and middle
grades teachers to understand where
students are in their learning.  The
design and implementation of programs
should be flexible enough to accommo-
date students as they grow.  He spoke of
the need for principals to communicate
with and counsel teachers to ensure that
their mathematics instruction is centered
around student learning.

Mary Kay Stein, a research scientist
from the University of Pittsburgh,
hypothesized that the developmental
approach—teaching mathematics with a
focus on the whole child—and the
subject matter approach—teaching
mathematics with a focus on the con-
tent—each have flaws.  She proposed a
middle school organization and structure
that is jointly informed by subject matter
and developmental concerns.  Stein
argued that the mathematics for middle
school students should take into account
the developmental needs of adolescents.
For this to happen, professional develop-
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ment should be part of the day-to-day
administrative functioning of the school.

Robert Felner, National Center on
Public Education, University of Rhode
Island, spoke about project work that
focused on high performing learning
communities.  A key finding was that if
educational improvement efforts do not
attend to the full ecology of the setting,
they will ultimately fail.  Although some
schools have success in raising student
scores for a time, the success is not
sustainable, and, in fact, according to this
research, raising student achievement
over time is related to the degree of
implementation of key structural
changes in the school.  He also men-
tioned that parent involvement that
correlates with gains in student achieve-
ment is “sending home information
about how to work with and talk to your
children.”  In response to questions,
panelists pointed out that raising expecta-
tions is a critical part of raising student
achievement, that structural changes
should be accompanied by thoughtful
support for teachers, and that even
though we continue to improve, the task
keeps changing, masking the gains.

CLOSING REMARKS

In his closing remarks, Edward Silver
noted the dual commitment of the
Convocation participants:  to enhancing
the quality and quantity of mathematics

learning in the middle grades and to
addressing other needs of young adoles-
cents.  He suggested a major concern is
how to make mathematics interesting
and important to young adolescents.
Silver pointed out that the examples
presented during the Convocation
indicated students can be interested in
the mathematical tasks we give them, in
the mathematics itself, or in the process
of struggling with the tasks, and that the
role of the teacher is to cultivate this
interest.  He challenged the audience to
contrast their own view of algebra with
the algebraic ideas  that were presented
in the Convocation sessions and to reflect
on what it means to say that students are
learning algebra and what it would mean
for all students to learn algebra.  He
advocated a systematic examination of
different instructional and curricular
arrangements designed to have all
students learn algebra.  His closing
comments addressed the issue of using
the generalist/specialist notion as a way
to set up a false dichotomy and called for
thinking about ways to form a commu-
nity with a joint identity that moves the
Convocation agenda forward.

ACTION CONFERENCE ON THE
NATURE AND IMPACT OF
ALGEBRA AT THE MIDDLE GRADES

The agenda for the Action Conference
was designed to bring attention to
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different possibilities for algebra in the
middle grades and to the issues in-
volved in implementing any of these
possibilities. Discussion was framed by
six questions presented by the Confer-
ence organizer, Hyman Bass, a math-
ematician from Columbia University.
The questions covered the following
topics: attention to subject matter vs.
attention to students; algebra as the
language of mathematics; real world
contexts vs. generalization and abstrac-
tion; covering mathematics vs. uncover-
ing mathematics; situating algebra in
the mathematics curriculum; materials,
design, selection criteria for mathemat-
ics curriculum.  Jim Fey from the
University of Maryland suggested that
the important aspects of algebra are the
concepts and techniques for reasoning
about quantitative conditions and
relationships.  With this as a theme, Fey
claimed that moving high school alge-
bra into the middle grades will not be
sufficient.  Al Cuoco, Director of the
Center for Mathematics Education at
EDC, presented a view of algebra that
relied more on symbols and problems
from the world of mathematics, with an
emphasis on the ways of thinking that
can emerge from reasoning about
calculations and about operations. Bass
suggested that Fey’s and Cuoco’s
approaches were two different aspects
of the same thing.  Orit Zaslavsky, a
mathematics education researcher from

Israel, postulated that learning is about
constructing meaning that can change
over time, across learners, and across
contexts.  Learning algebra in the
middle grades is just a beginning, where
examples play a critical role and the
issue of representation is inherent.

The second day of the conference
featured approaches to a middle grades
algebra curriculum from the Connected
Mathematics Project, University of
Chicago School Mathematics Project,
Mathematics in Context, and Saxon
Mathematics in which the presenters
described the nature of their algebra
strand and what works in practice.  As
part of a panel on general implementa-
tion issues, Anne Bartel, from the
Minnesota project SciMath, pointed out
that many of the issues are tied to
people’s belief systems about whether
algebra is focused on skills or thinking
and about what “algebra for all” really
means.  She closed with a discussion of
the characteristics of effective profes-
sional development, including the need
to make the algebra content and corre-
sponding instructional strategies ex-
plicit.  Vern Williams, Gifted and Tal-
ented Coordinator from a Virginia
middle school, emphasized that some
children need more than the norm with
an emphasis on theory, structure, and
problem solving. These students need
to be challenged every day, and a gifted
and talented course in algebra opens the
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universe of mathematics for them.
Nancy Doda, National-Louis University,
disagreed with Williams and advocated
that all students needed to be chal-
lenged and raised issues of equity.  In
closing, participants discussed algebra
in relation to mathematics content,
curricular design, and use of research in
the context of a search for guidance on
how to scale up promising programs to
realize improved mathematics learning
for more students.

ACTION CONFERENCE ON
RESEARCH IN THE TEACHING
AND LEARNING OF
MATHEMATICS IN THE MIDDLE
GRADES

The focus of the conference was to
help define research required to better
understand and articulate the assump-
tions that underpin activities aimed at
improving the mathematics curriculum,
teaching, and learning in the middle
grades. The group was charged with
making suggestions to those in the field
about what further research is needed
and advising the Department of Educa-
tion and National Science Foundation on
where strategic investments in research
might be made.   Invited talks were
organized to move from broad theoreti-
cal and practical issues on how to
address research to specific research

efforts to the applications of research
knowledge to recent curriculum devel-
opment projects.

From the first perspective, James
Hiebert, University of Delaware,
described a tension between solving
practical problems and doing good
research and offered a framework to
better understand and resolve these
tensions.  Alan Schoenfeld, University
 of California-Berkeley, responded to
Hiebert by arguing for a stronger
theoretical base for and through
research.  Mary Kay Stein illustrated
how research can grow from attempts
to solve problems of practice.  Richard
Lesh, Indiana University–Purdue,
commented on how thinking can be
changed over time and the need to be
explicit about the big ideas in the
middle grades curriculum.  James
Fey, University of Maryland, and
Koeno Gravemeijer, Freudenthal
Institute, the Netherlands, described
ways that the extent research on
rational number and proportional
reasoning shaped design decisions in
their respective curriculum projects.
Judy Sowder, University of California-
San Diego, discussed ways to deepen
teachers’ knowledge of mathematics.
The participants made recommenda-
tions in three areas: teaching and
teacher learning; student learning;
and communicating with a variety of
interested constituencies.
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ACTION CONFERENCE ON THE
PROFESSIONAL DEVELOPMENT
OF TEACHERS OF MATHEMATICS
IN THE MIDDLE GRADES

The Action Conference was designed
to afford an opportunity for participants
to examine promising approaches to
professional development by creating an
analytic and practical conversation about
the sorts of opportunities in professional
development most likely to lead to
teachers’ learning and improvements in
their practice.  Deborah Ball, University
of Michigan, conference organizer,
framed the discussion from the vantage
point of teacher educators considering
sites through which teachers might
most profitably learn mathematics
content needed in teaching, based on
tasks which teachers regularly do as
part of their teaching.  Participants
discussed what is known about profes-
sional development, teacher learning,
and the improvement of practice. As an
initial example of how teachers use
knowledge of content to shape their
teaching, Ball together with Joan
Ferrini-Mundy, Center for Science,
Mathematics, and Engineering Educa-
tion engaged participants in reformulat-
ing a mathematical task and considering
the mathematical knowledge used to
create and evaluate these new tasks.

Margaret Smith, Pennsylvania State

University, involved the participants in
a case study of student work and
discussed how analyzing student
responses led to a discussion of the
importance of the mathematical knowl-
edge of the teacher. Karen
Economopoulos, TERC, posed two
questions for reflection and discussion:
How might curriculum materials offer
professional development opportuni-
ties for teachers and how can these
materials influence or support teach-
ers’ daily decisions?  Nanette Seago,
Mathematics Renaissance Project,
using a video of an eighth grade math-
ematics lesson, facilitated a discussion
of the use of videotape as an instruc-
tional medium in professional develop-
ment.  The closing session featured a
panel that presented their reflections
on the improvement of professional
development.  Iris Weiss, from Horizon
Research, argued for the need to help
teachers develop some way to filter and
make decisions, and raised a concern
about how to scale up professional
development models.  John Moyer
from Marquette University, reflected
on professional development with
urban, large city middle grades teach-
ers using teacher responses to an
observer’s comments to promote
teachers’ reflection on their practice.
Stephanie Williamson, Louisiana
Systemic Initiative, described the work
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done to build collaboration among
school systems and universities in
Louisiana that led to the development
of a document used to guide decisions
about professional development pro-
grams. Participant’s comments at

the end indicated that the Conference
did take seriously professional devel-
opment as a field and attempted to
create a frame for thinking about
theoretical, research, and practice-
based learning.
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At the beginning of the Convocation,
the participants were invited to think
about areas of agreement and continuing
challenges as they took part in the
Convocation activities.   Given that the
Convocation involved over 400 partici-
pants with diverse backgrounds and
perspectives, the conversations were far
reaching. Mathematics education is a
discipline in which it is difficult to find
absolutes.  Many factors contribute to
successful mathematics teaching and
learning and what is perceived as con-
vincing evidence from one perspective is
not at all convincing from another.  The
following observations reflect comments
made in the reports from the final
discussion session during which each
group was asked to make statements
about areas of agreement and challenges
or issues needing more work.  The
observations are a sampling of the many
interesting and important ideas raised.

AREAS OF AGREEMENT WITHIN
DISCUSSION GROUPS

The areas of agreements offered by
the discussion groups ranged from

specific statements about important
content to agreeing about a set of
challenges faced by the education
community as they worked to improve
mathematics education at the middle
grades. The set below reflect some of
the thinking.

• It is important to enhance the quality
and depth of mathematics learning in
the middle grades and to sensitively
address  the needs of young adoles-
cents as individuals as well as learn-
ers.  Participants observed that it is
possible to honor these commitments
to students and to content simulta-
neously in middle grades mathemat-
ics classrooms, but the intent to do so
should be clearly highlighted in the
school structure and organization and
delivery of learning.

• Participants commented on a clear and
compelling need to have higher
expectations for all middle grades
students.  Teachers, schools, and
parents should have high expectations
for student achievement in mathemat-
ics and recognize that to realize these
expectations will take renewed effort
and commitment from everyone.

Participant Observations
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• To deliver the kind of mathematics
content in ways that respects middle
grades students as learners demands
a well prepared and motivated
teacher.  Few existing teacher prepa-
ration programs meet this need, and
certification requirements do not
support adequate content and peda-
gogical preparation.

• To achieve the kind of instruction that
will maximize learning for all students
in middle grades, the issue of on-going
professional development activities in
which teachers focus on their practice
and become part of a community with
shared goals must be addressed.
Teachers in such a community take
time to reflect on their teaching and its
relation to what students learn and
work together to improve what they do
in their classrooms.

• The organizational structure of a
school system is important but
equally as important is the support
and commitment for mathematical
excellence and for equal opportunities
for all. Teachers need adequate time
to plan their lessons and work
through their curriculum as well as
support for staff development.

CHALLENGES RAISED BY
DISCUSSION GROUPS

The improvement of mathematics
education in the middle grades faces

curricular, pedagogical, and contextual
challenges.  The following  are some of
the challenges and issues highlighted
by the discussion groups in their final
reports.

• Good curriculum and pedagogy may
be insufficient if policy and political
issues are not taken into consider-
ation.  Because public perception of a
quality mathematics program at the
middle grades may be in conflict with
the goals of mathematics educators,
success in implementing new pro-
grams depends on building public
understanding of the changes.  Fami-
lies should be informed about the
content expectations of the overall
program and specific grade levels
within the program.  District level
policy makers should understand the
nature of the program and provide
support within the system to make
changes.  Mathematics education
researchers should be convinced to
investigate questions around reform
issues and to produce data that will
help the public understand that
schools and districts are making
informed decisions about teaching
and learning mathematics.

• Both internal articulation within
school systems and external articula-
tion within states are critical. Man-
dates concerning assessment, stan-
dards, and curriculum often signal
different messages about what is
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important in mathematics at the
middle grades. When the mathemati-
cal content for the middle grades is
not clearly delineated, there is overlap
and confusion about content, particu-
larly in the areas of number and
algebra.  In teaching students about
number and operations, the curricu-
lum can become repetitive contribut-
ing to the “mile wide, inch deep”
characterization of the middle grades
curriculum by TIMSS.  On the other
hand, the emphasis on algebra in the
middle grades has raised articulation
issues about high school credits in
middle grades, or students repeating
content at the high school level with
no recognition of their work in the
middle grades.

• The practice of grouping students by
perceived ability can appear to be in
direct conflict with the goal of provid-
ing the same mathematics for all
students. While many teachers
support heterogeneous grouping in
theory, in practice they find it difficult
to implement.  The need to simulta-
neously provide remediation and
acceleration in large classes can prove
overwhelming, yet separating stu-
dents for different academic pro-
grams raised questions for the teach-
ers about equitable mathematics
opportunities for all students.

• The nature and role of algebra at the
middle grades raises curricular

questions as well as articulation
issues.  Too much emphasis on
algebra comes at the expense of other
important mathematical topics.   For
teachers to be successful with algebra
embedded throughout the curricu-
lum, they should have a high level of
mathematical knowledge, for which
many have not been prepared. Imple-
menting a program that teaches
algebra only to a select set of students
inhibits organizing students into
houses, a typical middle grades
approach, or forces an arbitrary
ability grouping layer on the housing
structure. Acceleration for some can
lower expectations for others.

• It is important for middle grades
students to see the connections among
mathematical topics, their lives, and
what they learn.  The challenge,
however, is to achieve a balance
between student needs and content;
integration should not happen at the
expense of  mathematics. An overem-
phasis on developing students as
individuals can result in a loss of
instructional focus on content. Stu-
dents should come to understand that
while mathematics is not taught in a
vacuum, it is a discipline of its own.
Unless carefully constructed where
the mathematics is not just added on
when seen as useful, thematic units
can be a detriment to a coherent and
complete middle grades mathematical
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curriculum. Many middle grades
teachers do not have mathematical
backgrounds and find it difficult to
make links with mathematics.

• Communication among the diverse
audiences involved in middle grades
mathematics programs is problem-
atic. The term “developmentally
appropriate” is not well understood by
many in the broad education commu-
nity. Some questioned what it meant
to characterize a mathematical con-
cept as developmentally appropriate

for a student.  Integrated mathematics
means different things at the high
school level where it indicates blend-
ing of mathematical topics with no
clear demarcation between algebra
and geometry and at the middle
grades where it usually refers to
blending of content from different
disciplines, mathematics with science
and literature, for example.  To have
productive conversations there has to
be an attempt to develop a common
language.
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Convocation Papers
and

Discussion Summaries
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The emphasis on “teaching the whole child and the whole curriculum” advocated
by some can be seen as opposed to the emphasis on “teaching mathematics content
area” as advocated by others.

MATHEMATICS IN THE MIDDLE:  BUILDING A FIRM FOUNDATION OF
UNDERSTANDING FOR THE FUTURE

Glenda Lappan, University Distinguished Professor, Department of
Mathematics, Michigan State University.

THE MIDDLE SCHOOL LEARNER:  CONTEXTS, CONCEPTS, AND THE
TEACHING CONNECTION

Thomas Dickinson, Professor of Curriculum and Instruction at Indiana State
University.

Teaching and Learning
Mathematics

at the Middle Grades
Setting the Stage
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Mathematics in the Middle
Building a Firm Foundation of
Understanding for the Future

Glenda Lappan
University Distinguished Professor, Department of Mathematics,

Michigan State University

What makes mathematics in the
middle grades so important?  There are
factors that have to do with adolescent
growth and development.  Others have
to do with the subject matter itself, its
increasing complexity, and its increas-
ing importance as a foundation on
which science, mathematics, and tech-
nology literacy is to be built.  Each of
these factors that influence mathemat-
ics’ importance in the middle years will
be elaborated individually and as they
interact with each other.

Students in the middle grades go
from pre-adolescence to adolescence at
different rates.  At the beginning of the
year in grade six, students may all look
much as they did the year before in
grade five.  By the end of this year or
the next, most students, both girls and
boys, will grow several inches.  Stu-
dents’ reactions to these rapid changes
in their bodies are, of course, quite
varied.  But for all students these
changes are accompanied by emotional

challenges.  Students are faced with
getting to know a new self, including a
new body, with new emotions.  Strong
among these new emotions is a need to
be like others, to belong.  Parents are no
longer the center of the world.  Peers
are now the focus for what is “cool” and
for emotional support or crushing
rejection.  At the same time, a student’s
intellectual capacity to reason is expand-
ing rapidly.

Students in middle grades are grow-
ing in their ability to reason abstractly.
They become capable of generalization,
abstraction, and argument in math-
ematics.  This signals the need for
programs that give students the oppor-
tunity to expand their experiences with
“doing” mathematics, with controlling
variables and examining the conse-
quences, with experimenting, making
conjectures, and developing convincing
arguments to support or disconfirm a
conjecture.  Taken together, these
changing intellectual capacities and the
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fragile emotional state of these vulner-
able middle grade students call for very
carefully crafted mathematical experi-
ences that allow students to satisfy
their social needs as well as their
intellectual needs.  The following
section looks at the mathematics of the
middle grades, its challenges and its fit
with these emerging adolescents.

MATHEMATICS OF THE
MIDDLE GRADES

As students encounter mathematics
in the upper elementary grades, the
emphasis changes from a focus on the
additive structure of numbers and
relationships to the multiplicative
structure of numbers and relationships.
This means that the students are faced
with new kinds of numbers, fractions
and decimals that rely on multiplication
for their underlying structure.  These
numbers are useful in making new
kinds of comparisons that rely on two
measures (or more) of a phenomena.
For example, which is best, 5 cans of
tomatoes for $6 or 8 cans for $9?  A
simple subtraction will not resolve the
issue.  A comparison that takes into
account both the quantity of cans and
the prices is called for.

These new mathematical ideas contain
intellectual challenges for the students
that are as conceptually difficult as any-
thing anywhere else in the K-12 math-

ematics curriculum.  Many of these
mathematical ideas will not reach their full
maturity in the middle years, but it is in
the middle grades that the firm foundation
for understanding is laid.  It is here that
students have time to experiment, to
ponder, to play with mathematical ideas,
to seek relationships among ideas and
concepts, and to experience the power of
mathematics to tackle problem situations
that can be mathematized or modeled.  It
is also here in the middle years that the
serious development of the language of
mathematics begins.

It is easy to make a laundry list of
topics in mathematics important in the
middle years. Here is such a list:

• Number theory, factors, multiples,
division, products, relationships
among numbers and among
operations

• Rational numbers, integers, irrational
numbers

• Fractions, decimals and percents
• Ratios, rates, proportions, quantitative

reasoning and comparison
• Variables, variables changing in

relation to each other, rates of change
among related variables

• Representations of related variables in
tables, graphs, and symbolic form

• Slope, linearity, non-linear relation-
ships, families of functions

• How things grow in both an algebraic
and a geometric sense

• Maximum and minimum
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• Shape and shape relations, similarity,
symmetry, transformations

• The Pythagorean Theorem
• Chance and reasoning about uncertainty
• Prediction using probability and

statistics
• Measurement systems and measure-

ment of attributes such as length,
area, volume, weight, mass, angle,
time, distance, speed

• Visualization and location of objects in
space

• Representation of three-dimensional
objects in two-dimensional drawings
and vice versa

The real challenge is to help students
see these ideas in their relationship to
each other.  This requires a different way
of bringing mathematics and students
together.  Rather than see these ideas as
a series of events to be covered, good
middle school curricula are finding ways
to help students engage in making sense
of these ideas in their complex relation-
ship to each other.  Symbolic representa-
tions of patterns in algebra are seen as
related to symbolic representations of
transformations, slides, flips and turns, in
the plane.  In other words, we need to
think about how we set students’ goals
for mathematics.  Rather than expound-
ing a list of individual ideas to be “cov-

ered,” goals need to help a teacher and a
student see what is to be learned, how
the ideas can be used, and to what the
ideas are connected.

What follows is an argument orga-
nized around strands of mathematics
and important related ideas within those
strands for thinking about what is
important for students to learn in
mathematics in the middle years.  In
each of these sections an argument for
inclusion is based on the universality of
the ideas in the strand no matter what
the future ambitions of the students will
be.  Whether students will enter post-
secondary educational institutions or
the world of work directly after high
school, the following ideas are key.
They are mathematics that is central to
being able to manage affairs as an adult
and to be a good citizen who makes
good decisions based on evidence
rather than persuasive rhetoric.  They
are also mathematical ideas that have
their roots in the middle years.

RATIONAL NUMBERS AND
PROPORTIONAL REASONING1

One area of mathematics that is
fundamental to the middle grades is
rational numbers and proportional

1 This strand argument is taken from a paper I presented at the Fourth International Mathematics
Education Conference at the University of Chicago in August 1998 entitled Preparing Students for
College and the Work Place: Can We Do Both?
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reasoning.  This includes fractions,
decimals, percents, ratios, rates, propor-
tions, and linearity, as well as geometric
situations such as scales and scaling,
similarity, scale factors, scale modeling,
map reading, etc.  Another important
aspect of this mathematics is that it
gives a powerful way of making com-
parisons.  Having two measures, rather
than one, on attributes that we are
trying to compare leads us into the
world of derived measures that are often
per quantities or rates.  This is a core of
ideas that relate to quantitative reason-
ing or literacy and connects directly to
science.  Almost everything of interest
to scientists is a quantity, a number with
a label.  Study of mathematics involving
quantitative reasoning invariably means
reasoning about mathematics in con-
texts.  Part of what makes mathematics
so powerful is its science of abstraction
from real contexts.  To quote Lynn
Steen (p. xxiii, 1997):

The role of context in mathematics poses
a dilemma, which is both philosophical
and pedagogical. In mathematics itself….
context obscures structure, yet when
mathematics connects with the world,
context provides meaning.  Even though
mathematics embedded in context often
loses the very characteristics of abstrac-
tion and deduction that make it useful,
when taught without relevant context it is
all but unintelligible to most students.
Even the best students have difficulty
applying context-free mathematics to

problems arising in realistic situations, or
applying what they have learned in
another context to a new situation.

This is an argument that works for
students headed for the workplace as
well as college.  Clearly applications, but
even more so, mathematics skills, pro-
cedures, concepts, and ways of thinking
and reasoning taught through contextu-
alized problem situations, help students
of all kinds and ambitions learn math-
ematics.  The modern high-performance
workplace involves problems that require
sophisticated reasoning and yet often
only the mathematics of a good middle
school education.  The high level of
reasoning that empowers a student to
use these ideas in new and creative ways
is not complete by the end of middle
school but requires continued experi-
ences in the high school curriculum.

DATA ANALYSIS,
REPRESENTATION, AND
INTERPRETATION

Another aspect of mathematics that
pervades our modern life is data, or as
statistician David Moore calls it, numbers
with a context. In the workplace, in jobs
at all levels, employees are dealing with
the problem of either reducing or under-
standing the reduction of large quantities
of complex data to a few numbers or
graphical representation.  These num-
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bers or statistics are expressed in frac-
tions, decimals and percents.  Thus,
knowing something about data analysis
and interpretation and rational numbers
is important to all students.  The society
in which we live has become quantitative.
We are surrounded by data.

To handle our money, to make trans-
actions, to run our businesses, as well
as to do almost any job well, we need
mathematics that is underpinned with a
high level of reasoning and understand-
ing.  As Iddo Gal puts it, “There are no
“word problems” in real life.  Adults face
quantitative tasks in multiple situations
whose contexts require seamless
integration of numeracy and literacy
skills.  Such integration is rarely dealt
with in school curricula” (Gal, 1997,
p. 36).  But, it should be!  Using con-
texts that show the world of work help
make mathematics more authentic to
students regardless of their future
career goals.  Data analysis, representa-
tion, and interpretation are an important
and rich area for such examples.

GEOMETRIC SHAPES, LOCATION,
AND SPATIAL VISUALIZATION

Whether we are talking about an
intending calculus student or an employee
at a tool and die shop, geometry, location,
and spatial visualization are important.
Just as a calculus student needs to visual-

ize a curve moving to form the boundary
or surface of a solid in space, a tool and
die employee uses such skill to set a
machine to locate and cut a huge piece of
steel to specifications that truly exceed
our imagination.  Here again is an area of
mathematics that has application in the
workplace and should be a part of the
education of all students.  This is also a
part of mathematics in which strand or
areas intersect.  While I have labeled this
area geometric shapes, location, and
spatial visualization, algebra becomes a
tool for specifying both location and
shape.  Even the spatial visualization
aspects of geometry are enhanced by
experiences with transformational geom-
etry and its related algebra.  This is also
an area with connections to measurement
which means rational numbers are
essential.  We cannot talk about any aspect
of measurement without being able to
deal with a continuous number line where
rational numbers and irrational numbers
fill in the spaces between the whole
numbers.  So again we see connections
among strands of mathematics.  Another
area that has much to offer to both the
world of work and to higher education is
chance.

CHANCE

Everyday humans are faced with
reasoning under uncertainty.  Many
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adults make wrong decisions as a result
of not understanding the difference
between random variables, correlated
variables, and variables that influence or
cause certain behavior in another
variable.  Probability is an area of
mathematics that is important across
the board.  It is a very challenging
subject and involves a practical every-
day kind of mathematics and reasoning.
Here, as in other strands we have
discussed, the rational numbers play an
important role.  Probabilities are num-
bers between 0 and 1 that express the
degree of likelihood of an event happen-
ing.  In experimental situations, prob-
abilities can be estimated as relative
frequencies—again a use of fractions
and proportional reasoning.  In other
situations, probabilities can be found by
analyzing a situation using an area of 1
square unit to represent everything that
can happen.  This makes a connection to
geometry and measurement.

So much of the information with which
we are surrounded in our modern world
is of a statistical or probabilistic nature.
Here the conception of mathematics as a
discipline that comes as close to truth as
we know it in the modern world and the
idea that what mathematics predicts may
not in fact happen in every instance
clash.  Students learn to deal with the
notion of random variables and the
seeming contradiction that there can be a
science of predicting what happens in the

long run when what happens in an
instance is random and unpredictable.
These are hard ideas that take a great
deal of experiencing before they seem
sensible and useful.  I would argue that
the study of chance or probability should
be a part of the curriculum for all stu-
dents in the middle grades.  It is in these
years that students have the interest and
we can provide the time to experiment
with random variables.  Students need to
collect large amounts of data both by
hand and with technology simulations, to
see that data can be organized to build
models that help predict what happens in
the long run, and our own theoretical
analysis of situations can help us build
predictive probability models.  Now an
argument for one last area—algebra.

ALGEBRA AND ALGEBRAIC
REASONING

I think it is pretty clear that few
workers meet a quadratic equation to
solve on a daily basis, or for that matter
few ever meet higher degree polynomial
equations to solve.  But they do deal
with formulas on a regular basis that are
quite complex.  Figuring the exact
amount of a chemical cocktail to inject
into a cancer patient demands complex
measures and uses of formulas.  The
consequences of a mistake raise the
stakes a great deal.  There are so many
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examples of such in the world of work
that a strong case can be made that all
students do need algebra, both from a
functions point of view and a structure
or equation solving point of view.  In fact
algebra that integrates with other areas
of mathematics and that uses applica-
tions as a driving force can reach all
students no matter what their career
goals.  For the future mathematician or
scientist, algebra is fundamental.  For
the future office worker, algebraic
thinking can mean the difference
between remaining in a low-level job
and advancing to much higher-paying,
more demanding jobs.

I do have to express one caveat.  If
this is the dry memorized algebra of the
past, then it is as likely to damage
middle school students as help them.
However, an algebra strand that at some
grade levels has a real concentration on
algebra and algebraic thinking can
benefit all students.  This means that the
ideas will develop over time.  This
means that applications will drive the
learning of algebra, not just be the
problems that you try after you memo-
rize the types of problems in the section
of the book.  This means that the funda-
mental ideas of algebra will be taught in
such a way that students have a real
chance of developing deep understand-
ing as they develop technical profi-
ciency.  It should also be an algebra that
takes full advantage of calculators and

computers as tools to explore ideas and
to carry out procedures.

Rather than belabor my point, let me
just make it outright.  We need to
develop a set of mathematical expecta-
tions during the middle years that are
for all students.  At some stage of high
school, students can benefit from
options of continuing in a statistics,
discrete mathematics direction or
toward calculus and more formal math-
ematics.  These should be real choices,
equally valued and equally valuable
depending on the post-secondary
directions a student aims to take.  But in
the middle years, we need to develop
curricula that preserve student’s options
for those future choices.  However, such
a curricula alone will not make an
excellent mathematics experience for all
students.  Teachers and teaching matter.
What teachers do with the curricula,
what the expectations are for students,
how students are expected to work,
what conversations are expected and
how these are conducted matter.  Teach-
ing in the middle grades requires
knowledge of the subject matter and
also of students at this age.

TEACHING MATHEMATICS IN
THE MIDDLE GRADES

What are the challenges associated
with teaching mathematics in the
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middle grades?  Not all students reach
the same levels of cognitive growth at
the same time.  This means that the
middle school mathematics classroom
teacher has the challenge of creating an
environment that supports students’
mathematics growth at many different
levels.  Since middle school students are
at many stages of cognitive, physical,
and social development, the teacher
needs to understand where students are
in their mathematical growth.  Typical
paper and pencil computation driven
tests give little specific understanding of
student’s thinking.  Thus, an additional
challenge for the teacher is creating and
using many opportunities for assessing
student understanding.  Teachers are
experimenting with many new forms of
assessments varying from partner or
group tests or performance tasks to
projects or student portfolios.

Middle grades students have many
social, emotional, and physical chal-
lenges with which to deal.  In order to
capture their attention and direct their
growing cognitive powers on mathemat-
ics, the mathematical tasks posed for
students must be focused on things they
find interesting and important.  Things
that we as adults think of interest to
middle school students are not always
on target.  This argues for opportunities
for choice within the mathematics
classroom.  Choice of project topics,
choice of problems of the week to work
on, and even dealing with problems that

allow different strategies for solution,
are ways of allowing students to feel the
power of choice.  In addition, the kinds
of problem settings used for tasks need
to take into account the interests of
students at this level.

In order for students to make sense of
concepts, ways of reasoning, productive
procedures, and problem solving strate-
gies in mathematics, and to develop skill
with number and symbolic operations
and procedures, they must be engaged in
exploring, investigating, inventing,
generalizing, abstracting, and construct-
ing arguments to support their ideas and
conjectures.  New mathematics materials
for the middle grades are problem
oriented.  Interesting contexts for investi-
gation are posed.  Within these contexts
students bump into mathematics that
they need but do not yet have in their
tool kit.  This need drives students to
invent, to create strategies for solving
their problems.  Out of these student
ideas come the conversations that, with
the teacher’s guidance, help make the
underlying mathematical ideas, concepts,
procedures, skills, and arguments more
explicit for the students.  As you think of
the socialization of the middle school
level, there is a natural match between
the mathematical need to deeply under-
stand ideas and the social need to inter-
act with ones peers around tasks that are
of interest.  We can use this energy and
need to socialize to advantage in math-
ematics by refocusing our instruction to
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be more on mathematics as an experi-
mental science where seeking to under-
stand why is the major quest.  Another
tool that we have available to us in
teaching mathematics is technology.

Technology is engaging to students. It
also allows access to mathematics that
could not be explored in the past.  It
helps to create environments in which
students can see change, can engage in a
dynamic way with mathematical conjec-
turing.  It allows students to tackle real
problems with messy data.  It allows
students control over different forms of
representation of mathematical relation-
ships.  It allows students to invent new
strategies for tackling problems; it allows
students to reason through problems in
ways that are different from the strate-
gies we would use.  Again this freedom
to experiment and to create makes
mathematics of greater interest to many
more students.  It connect mathematics
to the real world and to the interests of
these emerging adolescents.

SUMMARY

While mathematics in the middle
years is cognitively demanding, it is
suited to the developing capabilities of

middle school students. New forms of
classroom interaction, more emphasis
on experimentation, on larger, more
challenging problems, on seeking to
understand and make sense of math-
ematics and mathematical situations, on
using technology as a tool—these are
the ways in which new middle school
curricula are seeking to engage these
social, energetic, developing adoles-
cents in learning for their own future.
Mathematics can be a key to opening
doors or to closing them for students.
Our goals has to be to help preserve
future options for our students until they
reach a level of maturity to understand
the consequences of their decisions. We
cannot do this unless we can make
mathematics interesting and relevant to
our students.
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The Middle School Learner
Contexts, Concepts, and
the Teaching Connection

Thomas Dickinson
Professor of Curriculum and Instruction, Indiana State University

SMALL STORIES1

Successful middle schools have small
stories “because the school has time for
small incidents before they become
large” (Lipsitz, 1984).  I have one such
story to share.

It was one of those early spring days
that promised clear skies and warm
weather for weeks to come.  School
had just let out, and I was sitting at my
desk, grading papers.  Wrapped up in
the process of marking and recording,
I didn’t immediately see the small
figure at my door.  “Mr. Dickinson, are
you busy?” the voice asked and my
grading reverie was broken.  It was
Amy Bounds, a seventh grader in my
homeroom and a student in one of my
social studies classes.  Amy was one of
those students that make up the bulk

of our classes, best described by
phrases such as “good student” or
“neat kid,” one of those individuals
that we honor with the label of “nice to
have in class.”

The question repeated itself, “Mr.
Dickinson, are you busy?”  I shook my
head and waved her on into the room
where she took the seat next to my
desk.  “What are you doing here Amy?
You should be outside on a day like
this.” I told her.  Her reply abruptly
changed the detached mood I was in.
“Mr. Dickinson, I’ve got a problem.”

I attempted to fight off my immediate
adult questions—what kind of problem
could Amy have?  And as my mind raced
with possibilities, it didn’t slow down
with her next comment.  “You’re a man,
Mr. Dickinson, so you’ll understand my
problem.”  Gathering my strength, I

1 “Small Stories” was originally published, in an expanded version, in the November 1988 issue of
Middle School Journal. Used with permission.
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asked Amy, “What’s the problem?  How
can I help?”

“Well,” she said, “where do you get
your ties?”

“My ties?” I asked, trying to put two and
two together, unsuccessfully.  “My ties?”

“Yeah, your ties.  My father’s birthday
is tomorrow and I’m not going to let my
mother buy my present for him.  I want
to buy him a tie like the ones you wear.
And I’ve been saving my lunch money.
Do you think I have enough?”

And with that Amy extracted from her
backpack a plastic bag stuffed with
change and plopped it on my desk.

Amy Bounds was growing up.  She
was, to use her phrase, “no longer a
baby.”  And this translated most immedi-
ately into a problem with her father’s
birthday.  She wanted to buy her father
a present, an appropriate present, and
she wanted to do it herself.  But who
could she talk to, who could she ask?
Not her father.  It was his birthday, and
she wanted very much to surprise and
impress him.  Not her mother.  She
might not understand, or she might try
to interfere.  So I was chosen, partially
because I was her homeroom teacher,
partially because I was a man, and
mostly because she liked the ties I wore.

Before we did anything we sorted
the money and talked about her father.
I asked about his taste in clothes,
colors, and fabrics.  Amy could answer
all my questions because she’d

checked his closet, several times.
During our talk Amy related that she
didn’t have a regular allowance, that
she had been saving “extra” from her
lunch money for the last three months.
She’d also been lugging it around in
her backpack since she didn’t want to
risk it being discovered at home.  She
also knew better than to trust her hall
locker.  And once a day she’d been
handing it over to her best friend for
safekeeping while she took gym.  Most
interesting to me was Amy’s revelation
that she’d been counting it every night,
hoping that she’d have enough before
her father’s birthday.

We talked ties for quite a while—rep
stripes, paisleys, solids, Italian silks, and
knits.  She had a list of the ones I wore
that she liked, and we went through her
list and discussed all the possibilities.
Finally Amy decided on something silk,
something blue or blue/grey, and
something with a small conservative
pattern.  And then she asked her origi-
nal question again, “Where do you get
your ties?”  I had been buying clothes
from one men’s store ever since I’d had
my own money.  I drew a map for Amy
of where the store was located.  Would
she be able to find it?  She nodded with
a quiet “yes.”  Did she want the present
gift wrapped?  They would do it for free,
but she had to ask.  Did she have a card
already?  No, well, there was a card
shop two doors down.

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


34 T E A C H I N G  A N D  L E A R N I N G  M AT H E M AT I C S

And then everything was settled and
in place.  She left with a grin and a quick
thank you.  After she was gone I went to
the office to make a telephone call.  The
next day I had a note on my desk at the
start of homeroom—“Everything is set.
Thanks.”  That evening I received a
telephone call from Amy’s mother.
Years later I only remember her  “Thank
you.”  What I do remember as if it were
yesterday was the grin on Amy’s face as
she came into homeroom the next day
and her comment, “He wore it this
morning, and it looked terrific!”

DEVELOPMENT IN CONTEXT:
THE CHILD, THE SCHOOL,
AND SOCIETY

You teach Amy.  Or you teach teach-
ers about Amy.  Or Amy may sit across
from you at your dinner table.  Amy is
an individual.  She is a human being.
She is a person.  She is not a list of
developmental characteristics.  She is
not a “typical” young adolescent (there
aren’t any).  She is instead, Amy.  And
that is enough, if we would but see and
acknowledge it.

I began with a story about a young
adolescent—not in a mathematics
context—on purpose.  That purpose was
so that all of us would see development
for what it is: a natural and normal
process, bounded by general psycho-

logical guidelines, but embodied in
individuals.  And this embodiment is
bounded, shaped, and influenced by a
range of contexts—the individual
context of self, that mixture of heredity
and randomness; the context of family,
street, neighborhood; the larger social
context, which today includes an over-
whelming and disturbing mass media
context that impacts young adolescents
at their every turn.  (Half of all young
adolescents spend three hours or more
each day watching television.)  The
average young adolescent is exposed to
the mass media a total of about four
hours per day.  Only sleeping and
attending school occupies more time. I
won’t even go into the content—if you’d
like, watch MTV for an hour, or flip
through the latest issue of any popular
magazine.

To try to understand development for
young adolescents we have to frame
these contexts with their individuality.
To put it bluntly, we have to understand
the individual to understand their
development.  Good middle schools try
to do just this.  They try to understand
and teach individual children, not types
or categories of children, but individual
children themselves.  This is what This
We Believe: Developmentally Responsive
Middle Level Schools (National Middle
School Associations, 1995) talks about.
It’s what Turning Points: Preparing
American Youth for the 21st Century

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


T H E  M I D D L E  S C H O O L  L E A R N E R 35

(Carnegie Council on Adolecscent
Development, 1989) recommends.
And it’s what I’ve been seeing in a small
school in San Antonio, Texas.

DEVELOPMENT AND THE
TEACHING CONNECTION

Donna Owen looks out over the
overhead projector at a sea of khaki and
white and asks “What’s my rule?” and
points to the bright yellow poster on the
board.  Two columns of numbers lie
waiting for her young charges:

IN OUT

3 11
5 15
0 5

10 25

The students are already at work on
this daily ritual.  These are 6th graders,
in uniforms (that’s the khaki and white)
at the American Heritage School, an
Outward Bound Expeditionary Learning
(ELOB) school-within-a-school that is
part of Edgar Allen Poe Middle School in
San Antonio, Texas.  The vast majority of
students are Hispanic.  Their school, a
new building, stands in stark contrast to
its neighborhood surroundings.

Kids, seated in pairs, are tackling the
problem—some with charts of their

own, others with series of problems
trying to arrive at a formula that works
for all of the four pairs, one student
using a number line.  Around the room
there is a rich riot of color—number
lines, bought and teacher-made posters
with vocabulary lists and mathematics
operations, and two computers (still not
hooked up to the internet—it’s Novem-
ber when this is being written) in the
back of the room by the teacher’s desk.
The kids continue to work—focused, on
task, quiet.

What first drew me to this teacher is
outside.  On one side of the hall is a
large gallery (think about that word as
opposed to a “bulletin board”), maybe
15 feet long.  On it are student charts
and graphs.  But not just charts and
graphs, but charts and graphs about
the students.  In preparation for the
team’s first “expedition” where the
topic was the Americas, studied
through the lens of the focus question
“How is the good life in the Americas
nurtured and challenged?”  Donna had
her sixth graders work on charts and
graphs by collecting data on them-
selves.  Working in pairs the students
queried their teammates, recorded the
data and graphed or charted it, and
then wrote narrative explanations of
their findings.  There were bar graphs,
line graphs, pie charts.  And the topics
of the charts and graphs were wide
ranging:
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• the males and females in the class
• the numbers of letters in students’

names
• the days of the week students were

born
• the right- and left-handedness of

students
• the number of lima beans that each

student could pick up with one hand (!)
• the height of individuals in the class,

in centimeters
• the circumference of individuals’

heads, also in centimeters
And all this work was displayed (and
graded too).  The accompanying narra-
tives demonstrated:
• a sense of audience (especially in

their detail and completeness)
• a concern for language, structure,

and correctness
• an appreciation of self and others

(peers) as a source of information
that could be used in mathematical
understanding

Donna Owen was teaching individu-
als.  She was also teaching mathematics.
And she was also helping students
understand themselves.  She was
placing development within a context of
individuals and those individuals within
a rich and involving context of learning,
in this case mathematical understand-
ing.  And if you’re wondering about this
marvelously insightful teacher, here’s
the bio:  she is late to teaching; at 29 she

went off to get a degree after serving as
a teacher’s aide in a classroom where
she was getting more and more respon-
sibility because of her talent, insight,
and drive.  Encouraged by her teacher
and principal to pursue a degree and
teaching license, she did just that and
became the first of seven children (she’s
the oldest) to go to college.  And she did
her degree in three years, cum laude,
taking 18-21 hours of course work at a
time, arranged on three days a week so
that she could continue to do her aide
work.  By the way, Donna has taught
middle school English and journalism
for the past ten years.  She thought she
needed another challenge so she got
licensed in mathematics and is in her
second year of teaching that subject.
Last year, her first teaching mathemat-
ics, 91% of her students passed the
Texas Assessment of Academic Skills.

I’m back in the classroom again.  The
second expedition is under way.  Stu-
dents are working on problems involving
space travel.  Along one entire wall,
probably 40 feet, is a swath of purple
paper, floor to ceiling, with the sun at one
end and off on the other side of the room
(actually on the back of the door), Pluto.
This is the entire solar system, to the
scale of 1” = 10,000,000 miles.  And the
sizes of the planets are to scale as well.
The students are working on estimated
travel time in hours to the planets.  It’s
another example of “What’s my rule”
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where the kids are deriving the rule from
data.  I watch, amazed at the degree of
engagement.  At the end of the class my
notes summarize the lesson:

• focus on reading directions
• finding necessary information
• using available data
• drawing conclusions from data
• working in cooperative groups
• recording information accurately
• doing basic mathematical operations
• working alone
• making choices to investigate

individually

I could tell you all the developmental
psychology connections here, but I hope
you see them.  I know my readers,

being mathematically skilled, can see
what’s happening here mathematically.
This is another “small story.”  And like
most small stories in good middle
schools it goes relatively unnoticed,
except by the teacher and students who
are growing and changing together, as
individuals.
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Content and
Learning Issues in
the Middle Grades

The sessions on content and learning mathematics in the middle grades focused
on the questions:

• What developmental considerations are important in thinking about middle school
students as learners?  As learners of mathematics?  Are these compatible?

• What do we know about middle school students’ capacity for learning?  For learn-
ing mathematics?

• What are important ideas in mathematics for the middle grades and how are these
related to developmental learning considerations?

REFLECTIONS ON MIDDLE SCHOOL MATHEMATICS

Nancy Doda, Professor of Education, National-Louis University.

MATHEMATICS CONTENT AND LEARNING ISSUES IN MIDDLE GRADES
MATHEMATICS

Kathleen Hart, Chair of Mathematics Education (retired), University of
Nottingham, United Kingdom.

SUMMARY OF SMALL GROUP DISCUSSION ON CONTENT AND
LEARNING ISSUES IN MIDDLE GRADES MATHEMATICS
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Reflections on Middle
School Mathematics

Nancy Doda
Professor of Education, National-Louis University, Washington, DC

OVERVIEW

Young adolescence is a remarkable
and challenging time in human life not
always appropriately appreciated nor
well understood.  In 1971, Joan Lipsitz
published a review of research on the
middle grades child and learner in
which her chosen book title, Growing up
Forgotten, was essentially her most
provocative conclusion—that young
adolescents were American education’s
most neglected and least well under-
stood age group (Lipsitz, 1971).  Since
this seminal work’s debut, there has
been without question a steady ca-
cophony of hearts and minds that have
joined to recognize, celebrate, and
better understand and serve this unique
age group.  Indeed, several decades of
reform initiatives now stand before us,
yielding wisdom to guide future efforts
to improve schooling for young adoles-
cents (Lipsitz, 1981; George and
Shewey, 1994).

While we are fortunate to have this
rich history of middle grades reform,
with its now well-documented dividends
(e.g., Felner et al., 1997), it is nonethe-
less clear that the dividends of greater
student learning and achievement are
still more illusive than we might have
hoped.  There still remain enormously
stubborn achievement gaps between
white children and children of color;
between poor children and financially
advantaged children, between girls and
boys.  If asked the question, “How are
we doing in the U.S. with regards to
student achievement?”, the truthful
answer would be, “That depends on
which children we are discussing.”  And
in the case of our focus here, perhaps it
also depends on which subject we  are
examining.

We face a crossroads in middle school
reform.  One that calls upon us to
reexamine not only the fundamental
philosophy of the middle school con-
cept, but the beliefs and practices that
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remain as potential deterrents to our
gravest challenge—that of ensuring
academic success for all our children.
There is an urgent need to dig deeply to
understand what is needed in the
reform conundrum, particularly with
student learning in mathematics.  Stu-
dent success in middle school math-
ematics remains the great equalizer or
divider, as it were, and our students’
individual and our collective futures
depend upon it.

CHANGING THE IMAGE—
CHANGING THE CURRICULUM

While the contemporary dialogue
about the nature of young adolescents
has often been delivered with affection-
ate humor, such humor often highlights
the least dignifying portrait of the young
teen.  I have often quoted Linda Reiff’s
comments to evoke an affirming
chuckle from most middle grades
educators or parents.  She wrote:

Working with teenagers is not easy.
It takes patience, humor and love.  Yes,
love of kids who burp and fart their way
through eighth grade.  Who tell you
“Life sucks!” and everything they do is
“Boring!”  Who literally roll to the floor in
hysterical laughter when you separate the
prefix and suffix from the word “predic-
tion” and ask them for the root and what
it means.  Who wear short, skin-tight
skirts and leg-laced sandals, but carry

teddy bears in their arms.  Who use a
paper clip to tattoo Jim Morrison’s picture
on their arm during quiet study, while
defending the merits of Tigger’s personal-
ity in Winnie-the -Pooh.  Who send
obscene notes that would make a football
player blush, written in pink magic
marker, blasting each other for stealing or
not stealing a boyfriend, and sign the
note, “Love, ________  P.S. Please  write
back.” (Reiff, 1992, p. 90-91)

In their light-hearted intent, such
comments can spur teacher camarade-
rie, but they also can serve to remind us
of how easily this unique stage of
development might be misconstrued.
In fact, caution is in order since for a
variety of reasons beyond such lan-
guage, the intellectual character and
energy of young adolescents have often
been underrated.  Most certainly we
have nearly eliminated reductive images
portraying young adolescents as “hor-
mones with feet,” and yet the achieve-
ment question ought to call upon all of
us to make a more deliberate effort to
acknowledge and celebrate the incred-
ibly powerful intellectual character of
this age group.

As I travel around the nation, I have
had the delightful opportunity to dia-
logue with many young adolescents, and
I’d like to share with you that our young
people, from all ethnic and cultural
affiliations, from all levels of income and
from all levels of school competence,
repeatedly demonstrate that they are
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immersed in one of the most intellectu-
ally pivotal times in human develop-
ment.  I ask young people to share with
me the questions and concerns they
have about the world.  Their musings
should remind us at how phenomenal
our educational opportunity is during
the middle school years.  Let me share
a few of their recurring questions and
concerns:

• Will there ever be world peace?
• Can we clean up the environment?
• Will men and women ever be equal?
• Will there ever be a black President?
• What happens when you die?
• Why do people hate each other?
• Are millions of people in the world

really starving?
• Why is there so much hatred and

violence?
• Why does anyone have to be poor?
• How can we cure AIDS and cancer?
• Is there life in outer space?
• Why are we here?

Young adolescents are philosophical,
investigative, reflective, hypothetical,
and skeptical.  They love to debate,
query, conjecture, moralize, judge, and
predict. They are filled with the joy of
self-discovery and the inevitable disillu-
sionment of world discovery. They are
paradoxical.  While plagued with self-
doubt, they are armed with a heroic
invincibility (Elkind, 1984).  In sum,

these young people are developmentally
ripe for intellectual growth.

But when they enter our middle
schools every day, not many find in their
classrooms a match for the intellectual
intensity their questions reflect.  For too
many, curriculum is not seen as excit-
ing, useful, meaningful, or helpful.  In
numerous and lengthy focus group
interviews with students, I have found
their responses quite telling.  I asked
one energetic sixth grade student what
he was learning and why.  He responded
dutifully, “Latin America.”  I then asked,
“Why are you studying this?  What’s
really important about this topic?”  He
was equally honest and said, “I have no
clue, but I think it’s in the curriculum.”
His peer offered, “I think we need to
learn it cause we might need it later on.”
Another added, “No, I don’t really think
so because my father is very smart and
successful, and I know he never uses
this stuff.”  Something huge is missing
in how students are experiencing
curriculum.

We shouldn’t presume that it is only
those struggling students who raise
serious question with our curriculum.  I
asked a group of honor roll students in a
middle school to tell me about what they
had learned from the fall until January.
They couldn’t recall much.  In consider-
ing their plight of failed memory, one
eager student perked up with some
sense of enlightenment, “I think I know
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why we’re stumped.  We were in the
accelerated program and we went so fast,
we don’t remember much.”  In the very
least, his comments affirmed my often
nagging notion that much of what we
define in schools as accelerated is merely
more content taught faster, more home-
work done hastily, and not much more
learned deeply.  Clearly, the TIMSS
findings (Silver, 1998) illuminate this
“mile wide and inch deep” curriculum
problem that challenges our pedagogy.

That curriculum in all fields of knowl-
edge in middle school must be more
meaningful, challenging, and engaging
is unquestionable.  When observing
students and teachers at work, I dis-
cover that many of our students are
often not engaged in challenging learn-
ing experiences.  I watched extremely
bored students sit in a well managed
classroom listening to a litany from
peers who were to each report to the
class on  the content of an individually
read current event.  This was an entire
class period of high disengagement and
notable disenchantment.  This is where
an urgency for reform should be felt.
This still happens far too often.

THE REFORM PICTURE

While the middle school movement’s
thirty year history has secured a place
on the reform map and has contributed

greatly to the overall improvement of
many middle level schools, the
movement’s reform recommendations
and efforts have, I believe been more
successful in altering the climate and
structure of middle level schools than
the curriculum and instruction our
young people have experienced (Felner,
et al., 1997).  Organizing smaller, more
personalized learning communities,
commonly called teams, creating
teacher scaffolding and support for all
students, emphasizing interdisciplinary
planning and teaching, and creating
more flexible schedules liberated from
tracking, have without question, raised
teacher efficacy, encouraged profes-
sional dialogue, reduced school ano-
nymity, improved school climate, and
even in some pockets, raised school
achievement.  They have not always
resulted in the dramatic shift in teaching
and learning that was I believe a bold
hope of the middle school movement’s
many advocates and champions.

Perhaps the simplest explanation that
draws nods from many is that the
middle school movement has devoted
too much of its energy and attention to
reforming the organizational character
of our middle level schools.  James
Beane (1998a) would suggest that such
a situation with the state of reform in
middle school teaching and learning
was inevitable since we never fully
achieved consensus on the goals and
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purposes of the middle school curricu-
lum.  Likewise, some speculate that
three decades of work devoted to the
creation of more humane schools has
resulted in soft attention to the intellec-
tual development of our young people.
Others argue that achievement, particu-
larly in mathematics, has been short-
changed by our advocacy and imple-
mentation of thematic teaching which
often highlights social studies and
language arts or disparagingly, reduces
mathematics to labeling correct mea-
surements on an interdisciplinary
exhibit.  Still others I might say, quite
legitimately, have argued that mis-
guided interpretations of progressive
instructional methods have yielded
sloppy attention to intellectual develop-
ment and authentic and substantive
student learning.

Regardless of the complex puzzle of
causes that we are now facing, the
TIMSS results in mathematics are not
surprising.  In the last three decades of
classroom practice, approaches to
mathematics instruction in middle
schools have not changed as consis-
tently and dramatically as some of us
might have hoped following the publica-
tion of the NCTM standards.  The
islands of excellence are simply too few.

None of the recommendations for
middle school structural reform are void
of underlying theory about their rela-
tionship with student learning.  While

not always clear to the public nor
consistently conveyed in professional
development, we should not be too
quick to blame the current achievement
conundrum in mathematics or any field
on the middle school concept.

Interdisciplinary teaming, for in-
stance, remains at the core of middle
school reform, in large part because of
its research credibility to raise teacher
sense of efficacy—a key element in
high performing classrooms.  Team
organization has also been associated
with reduced school anonymity and
teacher collegiality, additional features
in safe and productive schools.  More-
over, attempts at increased personaliza-
tion, in the form of Teacher Advisory
programs and similar middle school
initiatives, were fundamentally
grounded in the belief that the quality
of teacher-student relationships greatly
impacts student motivation and perfor-
mance.  That learning is a social en-
deavor, embedded in relationships is
not an assumption unique to middle
school philosophy (Glasser, 1992).
That curriculum was intended to be
exploratory was not meant to suggest
that it could not also be demanding.
That middle schools were intended to
be humane and caring places was not
intended to be antithetical to serious
mathematics education.  Indeed, there
is a tremendous need to pursue and
refine these elements of the middle
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school concept as we engineer a new
plan towards higher performing middle
schools with greater learning for all.

MIDDLE SCHOOL MATHEMATICS—
SEARCHING FOR SOLUTIONS

The standards movement is accompa-
nied by a wave of achievement panic
that threatens to diminish the focus on
learning in the middle grades.  In this
panic context, the TIMMS data suggest
to some that classrooms have failed to
conduct sufficient skill and drill work.
Others cast the blame on thematic
teaching or detracking.   Fortunately,
there are several themes that are
recurring in current conversations
among middle school advocates and
those interested in mathematics reform
which, when united, bring clarity and
perspective to some of the more emo-
tional attacks.  Both groups call for a
curriculum that is challenging and
engaging for young people, offers
connections across disciplines, chal-
lenges students to apply knowledge,
putting mathematics to use, emphasizes
problem-centered learning, provides
opportunities for collaboration, and
seeks to end inequitable practices like
tracking (Beane, 1998b).

The earnest call to engage more
young adolescents in meaningful math-
ematics has led exemplary districts and

schools to pilot new programs and test
their own results.  In Corpus Christi,
Texas, where standards-based reform is
ongoing, all but one middle school has
extended the invitation to take algebra
to all eligible 6, 7, 8 graders.  Eligibility
is still the sticky issue since algebra for
all does not mean all students are
guaranteed exposure to algebra con-
cepts by the 8th grade.  In fact, while it
opens the door to early maturing,
frequently advantaged young people, it
still fails to embrace the very young
people we have missed all along.

In that same district one lone middle
school has employed Connected Math-
ematics, a program developed out of
Michigan State University, and the
student engagement and learning
success they are observing are inspir-
ing.  The manipulative and collaborative
nature of this curriculum approach finds
a place for varying levels of readiness in
a way I have not observed with tradi-
tional pre-algebra and algebra ap-
proaches.  Their story and the story of
other schools engaged in reflective
practice and study will continue to offer
promise to our steady search for solu-
tions.

I am frequently asked, “Should all
middle school students take algebra
before moving on to the high school?”  I
might begin by posing a clarifying
question, “As it is most often taught?”  If
the response is “yes,” then I am com-
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pelled to answer, “no.”  We recognize
that many of our young adolescents are
not formal operational thinkers with a
strong logical-mathematical intelligence
and that algebra has traditionally been
taught to them as if they were.  I am not
sure, however, that that is the right
question to ask; rather, shouldn’t we be
asking, what kind of mathematics
should all young adolescents be learn-
ing to enhance their understanding of
the world and the role mathematics
plays in it?

Algebra as a course is problematic.
Middle school algebra for high school
credit is even more problematic.  The
presence of algebra as a select course
with eligibility and teaching certification
requirements faithfully diminishes a
middle school’s chances at academic
equity.  When students are grouped for
mathematics instruction, they are
divided as well by race, economics, and
learning orientation.  As middle schools
organize in small learning communities
to ensure the noted benefits of teaming,
students are grouped by mathematics
levels in ways that can result in tracking
and the reduction of mathematics
learning for non-algebra students.
These students deemed less ready or
able, travel apart from algebra students,
and may spend an entire year relearning
mathematics concepts many already
know, while they wait to enter “the
algebra course.”

For young adolescents, meaning is
everything.  In fact, human learning
involves meaning making, does it not?
Should we tell our young teens to endure
our current version of algebra because
they will increase their chances of going
to college or because then we can outper-
form our international partners?

If we are eager to embrace more
learners in mathematics education, these
suggestions will hardly inspire the
tentative.  The same students with
involved parents or from advantaged
homes will be at our college doors while
those who wonder if there is life after
middle school or hope in life at all will
remain out of reach.  Even among sup-
ported students we still must go further
as not one of my son’s 8th grade friends,
all in 8th grade algebra, can explain to me
why or how algebra is or even could be
useful in the world.  Perhaps it is time for
a bold step to move towards creating in
middle schools, mathematics for life—far
more challenging and meaningful than
what many currently experience in
algebra?  Perhaps what all middle school
students should experience is the kind of
foundation algebra that few of us re-
ceived—the kind that would make it
possible today for you to identify the
many ways in which algebra is at work in
the world.  Perhaps we might even be
able to recognize when we use it?  Few of
us who do not teach mathematics can do
this well.
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What really stands in the way of true
reform in middle school mathematics
has less to do with education, however,
and more to do with politics.  Math-
ematics is a subject area with social
status.  To suggest that algebra not be
taught as a course reserved for “ca-
pable learners,” is to invite a public
relations disaster of epic proportions
(Beane, 1998a).  In fact, in James
Beane’s work with mathematics teach-
ers who have had success in teaching
mathematics in the context of curricu-
lum integration, many have begun to
schedule their mathematics as one of
the separate subjects in their pro-
grams, not because they think it is
sound educational practice, but be-
cause they would lose the rest of their
programs if they did not.

JOINING FORCES

We do have many important ques-
tions to consider:  what is the purpose of
the middle school curriculum?  Is it to
prepare students to be academic schol-
ars?  To understand themselves and
their world?  To make our students
score higher than students from other
countries and with what assurance that
it translates into benefits in life and
work?  To decide early who will take
what path in schooling?

These questions also reflect the major
points of deliberation such as whether
international test scores should shape
curriculum goals, whether all math-
ematics must be taught as a separate
subject, and to what extent higher
expectations ought to involve vertical
acceleration through mathematics areas
or application of knowledge to increas-
ingly sophisticated problems.

I believe we have answers to what
constitutes best mathematics education.
Perhaps the really critical question we
need to address is how can we make the
rhetoric of best practice a reality for
more of our young people.  In answering
this question, we in fact push ourselves
towards a vision of mathematics educa-
tion that offers great hope for equity and
academic excellence.
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In the United Kingdom compulsory
schooling starts at the age of five and
continues until 16 years of age.  The
provision of free education continues for
another two years.  The structure of the
school system varies and children can
proceed through infant school (age 5-7),
junior school (8-11) and secondary school
(11-16/18) or through a system in which
they change schools at 9 and 13 years of
age.  So in England a child in the middle
grades is probably changing (or has just
changed) schools.  In the first schools, the
teacher is a generalist and probably
teaches all the subjects the child meets
during a week.  For the pupil, being
promoted to a secondary school (or even a
middle school) means that there are many
teachers to face in any one day.  These
teachers tend to be interested in only one
curriculum subject.  In the primary school,
it is likely that the teacher has tried to
present the curriculum through project
work, which might mean that the intention
was to exploit a topic (e.g., The Vikings)

for its possibilities to illustrate English,
geography, religion, art, science, and
mathematics.  In the secondary school,
these subjects are allotted separate time
slots, and the teacher only teaches that
subject.

The institutional life in school
changes to a greater focus on formal
learning, and in mathematics the con-
centration is on competencies and skills
and their application.  Often assump-
tions are made concerning the reper-
toire of skills the child already pos-
sesses, and she may lose confidence
when it is shown her repertoire is
limited.  Add to this the changes in
children’s physical makeup and the new
interests which occupy them, and it is a
wonder that they learn anything.

FORMALISATION—
MANIPULATIVE LINK

The influence of Piaget on educational
theory has meant that much of the
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child’s primary education has been
imbedded in the idea that pre-11 years
of age the child is operating at the
concrete level.  Mathematics educators
for many years have interpreted this
stage as one which requires concrete
embodiments or manipulatives to
promote what are essentially abstract
mathematical ideas.  The chasm be-
tween the manipulatives and the ab-
straction has not been addressed very
thoroughly.  The research project
“Children’s Mathematical Frameworks”
(CMF) sought to investigate the transi-
tion made by children when moving
from “concrete” experiences to a for-
mula or mathematical generalisation.
Teachers who were pursuing a masters’
degree in mathematics education
enrolled for a module which required
them to:

a. Identify a topic which they would
normally introduce with the use of
manipulatives, which experience was to
lead to a formula, algorithm or other
mathematical generalisation.

b. Prepare a series of lessons and
teach them to a target class.

c. Allow the CMF research team to
interview six children, before the
teaching started, just before the
formalisation took place, just after it,
and three months later.

d. Alert the researchers to when the
“formalisation” lesson or acceptance of

the rule would take place and allow the
lesson(s) to be observed and tape-
recorded.

e. Interview two other children in
the class and report on the responses.
Additionally, an analysis of the tape
recorded lesson would be written (the
transcript of the recording being sup-
plied by the researchers).

Topics which were included in the
study, fulfilling the description of con-
crete embodiments leading to
formalisation, were area of a rectangle,
volume of a cuboid, subtraction of two
and three digit numbers with decompo-
sition, the rule for fractions to be equiva-
lent, the circumference of a circle, and
enlargement of a figure.

The advice given to teachers in teach-
ing manuals etc., often describes the
experiences the children should have
and then implies (or even states) that
“the children will come to realise” the
formula.  In practice, it seems that a few
children in a class might come to the
realisation, and the rest be encouraged to
accept the findings of their fellows.  The
teacher feels that time is short, and the
class must move on.  Part of the three
month follow-up interviews was to ask
the pupils for the connection between the
two experiences, concrete and formal.
Only one of the interviewees (out of 150)
remembered that one experience led to
the other and provided a base for it.
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Most of the replies are summed up by
the girl who said “Sums is sums and
bricks is bricks.”  The forgetting would
be unimportant if the concrete experi-
ence (which is often arduous and time
consuming) had resulted in a successful
use of the formalisation, but it had not.
The observations of lessons and analysis
of the transcripts of what the teacher said
brought to light how very disparate were
the views of teacher and pupil.  The
teacher knew the mathematics, knew the
formula or rule, and had devised a set of
“manipulative” moves to convince the
child of the truth of the rule.  The child
did not know where the manipulations
were leading and to him/her a red brick
made from two centimetres of wood was
exactly that.  The teacher might refer to
it as “x, 2, 4” and could even say “let us
pretend it is 17.”

JOINING THE GROWN-UPS

From the observations in CMF (and
some subsequent research), it was plain
that teachers and children embarked on
a voyage of discovery to a place well
known to the teacher.  None of the
teachers observed (some 20 experi-
enced practitioners) explained why the
pupils would want to abandon bricks,
naive methods, and even invented child-
methods in favour of the formalisation.
Nobody explained the power of the new
knowledge.  The nearest statement to a
reason for its adoption was “you do not
want to carry around bricks for the rest
of your life.”  The teacher’s attitude was
one of friendly guidance, more in the
sense that the lessons were a review of
something we already knew rather than
an introduction to the complete un-
known.  Consider how few teachers
draw on the board accurate subdivisions
when partitioning a circular disc into
equal fractional segments.  The illustra-
tion is produced free-hand and quickly
split into sections.  Little wonder that
Terence produced this set of diagrams
when he was trying to convince the
interviewer that 9/27 = 3/9 (Figure 1).

Andrew was in a group learning
subtraction when the teacher produced
a three digit subtraction which resulted
in zero in the hundreds place.  The
ensuing conversation with the class of
eight pupils was as follows:

Figure 1.  Terence’s Diagram for Equivalence
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 (Note:  T = Teacher; P = Pupil):

P: And that would be one hundred
take away one hundred is nothing.

T: Is nothing, so do I put that there?

P: No.

T: Shall I put that there?  Who thinks I
should put that there?  Who doesn’t think
I should put that there?  Well, I mean, you
can, but if I was to ask you to write down
99 . . . in your books, just write down 99,
you wouldn’t write down 099 would you?

P: No.

T: You would just write the 99,
wouldn’t you?  So we don’t really need to
put that there. 1 take away 1 leaves you
with an empty space, so we might as well
leave an empty space, okay?

Andrew’s attempt at 304–178 gave the
answer 2 and his argument went as
follows:

A: Say if you said, four take away 8,
it’s 4. You’ve got 4 and you can’t take 8
from 4, so there’s nothing there and . . .
nothing take 7, you can’t do that and 3
take away 1 gives you 2.

T: I see.  So take 4 away 8 I can’t do,
right.  So do I write anything underneath
there or do I not bother?

A: Not bother.

He had absorbed the “don’t bother”
but not when to use it.  There were other
instances in the interviews of children
selecting a specific part of a teacher’s
statement and generalising incorrectly or
of remembering the one erroneous
statement the teacher had made.

FRACTIONS AND DECIMALS

The middle grades are the years
when the elements of arithmetic cease
to be exclusively whole numbers, and
much energy and time is spent on the
study of fractions and decimals.  There
has been a lot of research on children’s
understanding of these “new” numbers.
Generally most eight–nine year olds can
recognise and name a region as 1/2, 1/4,
1/3, 1/8; fewer recognise that a region
split into twelfths can also be labeled in
sixths.  Far fewer children can success-
fully carry out operations on fractions.
The model for introduction currently in
most of our textbooks is that of regions
(square, circle, line).  This enables us to
talk of shares, but the result is a tangible
amount (slice of pizza, cube of choco-
late) which does not neatly fit within the
operations of addition, subtraction,
multiplication and division.  How can
you multiply two pieces of pizza?  The
other meanings of a/b are often not
addressed separately in school text-
books, and the child is expected to infer
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division or ratio from the same region
model.  The result is confusion and a
heavy reliance on rote-learned rules.
Many children reject the whole idea of
noncounting numbers and attempt to
deal with secondary school mathemat-
ics without them.  The research project
“Concepts in Secondary Mathematics
and Science” (CSMS) obtained data by
both interviews and tests.  A representa-
tive sample of 11-16 year olds was asked
to give the answers to various division
questions, and they were told that if the
question was “impossible” they should
say so.  Table 1 shows some results.

A parallel test had required pupils to
write a story to illustrate 8 ÷ 4 and
128 ÷ 8. Very nearly all the responses
involved the sharing of sweets among
friends.  This interpretation of the divi-
sion sign is in conflict with 16 ÷ 20 as
there are obviously not enough sweets
for the friends to share.  Do teachers

redefine the operations to accommodate
fractions and decimals?  The middle
grades is when children are trying to graft
new concepts on hopelessly inadequate
foundations put in place for counting
numbers.  Algebra is likely to be intro-
duced during these years and viewing it
as generalised arithmetic seems fraught
with difficulties.  In algebra, we need to
spell out all connections among the
numbers now represented by letters, and
in arithmetic the aim is to carry out the
operations and to obtain a result as
quickly as possible.  “x + y” stays as such
and cannot be processed to become xy
whereas we find it unwieldy to work with
5 + 3 and replace by 8 as soon as possible.
Collis (1975) described a level of algebraic
understanding as “Allowing Lack of
Closure” (ALC).  When a child can accept
and even work with (x + y), a significant
step has been taken.

Table 1.  CSMS Results to Division Questions

Large Survey Results

Divide by 20 1.2 1.0 1.4 1 rem 4 Impossible

(i) 24 (n=170) 11-12 yr 9% 7% 8% 12% 15%
(n=240) 14-15 yr 34% 1% 15% 3% 6%

0.8 0.0 0.16 0 rem 16 Impossible

(ii) 16 11-12 yr 7% 2% 4% – 51%
14-15 yr 36% – 6% – 23%
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MATCHING THE MATHEMATICS
TO THE CHILD

It has long been known that from any
class lesson, the child participants take
away very different pieces of knowl-
edge.  In CMF a group of eight pupils,
all thought by the teacher to be “ready”
for subtraction and all taught in the
same way, were found to have very
different paths to success.  A child’s
success depends on what was known
before (how many of the pre-requisite
skills are in place?); how much of the
current content matter is understood;
his attention span (was he even in
school, absences matter) and the
confidence with which the mathematics
is approached (does the child feel in
control of the mathematics content or is
it magic?).  A child cannot be confident
if all the mathematics exercises he does
are marked incorrect.  By the middle
grades it is likely that any group con-
tains a number of “low attainers” who,
without positive action, are unlikely to
become even “average attainers.”

The curriculum development project
“Nuffield Secondary Mathematics” was
designed to provide suitable material for
all attainment levels in the secondary
school (ages 11-16 years).  The books
were:  a) Topic books; short “content”
orientated material in four sets—
Number, Space, Probability and Statis-
tics, and Measurement; b) Core books;

books of problems for an entire year to
allow groups of mixed attainment to
work together applying their mathemat-
ics; and c) Teachers guides; very full
information for teachers.  To find where
to start the Number strand, children in
primary school (some 100 pupils),
including some who were identified as
displaying “special needs” were tested
with items that researchers had previ-
ously used with six year olds.  Follow-up
interviews disclosed that there were
pupils about to enter secondary school,
who had very limited number skills.  A
list of pre-requisite skills was drawn up,
and we stated that to start on the Num-
ber books, children had to demonstrate
that they could do the following:

• Arrange cards showing configura-
tions of dots for 1 to 6 in order.

• Give the number before and after a
written two-digit number.

• Count on (rather than count from 1)
when given two strips of stamps.

• Write correctly two-digit numbers
when they are read out (oral).

• Put written numbers, less than 25, in
order (written).

• Interpret the words “more” and “less”
when given two sets of dots

• Count a pile of coins (less than one
pound) accurately, taking account of
the different face values.

• Choose the correct single coin for a
purchase of 45p.
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Practising secondary school teachers
during in-service courses were shown
the contents of Level One Number and
asked if they had pupils who could only
“do this.”  Usually they assured us that
none of their pupils knew so little, but
later we were bombarded with requests
for the material at this level.  In the trial
schools there were usually about ten
11-12 year olds who needed it.  We only
found one pupil in a normal school for
whom the work was too difficult.  The
material was put through several, well
regulated trials and re-written if it proved
too difficult for the pupils using it.  The
intention was that the child should
experience success and so become
confident in mathematics, no matter how
limited.  An early result was that al-
though the first book took perhaps three
months to complete, the second took
much less time.  As confidence built, so
did the speed with which the child
worked.  The classes using this early
material were usually small, and the
pupils worked in pairs or groups of three
with a lot of teacher help.  No child
progressed to the next book until he/she
had demonstrated that the content of the
previous book had been absorbed by
passing a test at the 80% (or better) level.
No test was given until the teacher was
sure that the child would pass because all
the book had been understood.  Failing a
test helps neither teacher nor child.  This
concept was very difficult for some

teachers because they assumed there
would always be failures.  We were
closely involved in all the trials and often
marked the tests.  In one school, the
teacher agreed that the reason six
children had not reached “mastery” level
in the test was because they had not
covered the entire book but only part of
it.  This must perpetuate a situation
which is bound to be deficient—half
learned mathematics grafted onto holes
in knowledge.  The teacher explained
that she could not wait for these pupils.

CONSTRAINTS AND BELIEFS

Running parallel to any new curricu-
lum effort, and having an unseen but
powerful influence on it, are the con-
straints and beliefs of the general
populace, politicians, headmasters,
publishers, and even classroom teach-
ers.  Some of these are listed here:

1. There are certain topics which
every child should be taught.

2. There are specific topics that
every child should have learned before
a certain time in his/her life.

3. A certain amount of time spent in
school on mathematics lessons is
sufficient.

4. A certain amount of material (books,
worksheets or scheme) is enough.

5. Mathematics is difficult.
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We should be wary of these beliefs
because they are very strongly held
and usually backed up by appeals to
“raising standards.”  In the UK during
the summer of 1998, the Minister of
Education boasted that the number of
pupils passing the school-leavers’
examination in mathematics had
fallen, in order to claim that standards
had been maintained.  The expecta-
tions the community has of pupils
vary from country to country and
what may seem obvious to a Japanese
writer, is not obvious to an Italian
observer.  Howson (1991) published a
list of ages at which specific math-
ematics content was presented to
pupils.

An excerpt is shown in Table 2. There

is obviously no “obvious” age for the
introduction of a topic.

CONCLUSION

Mathematics in the middle grades is
still “Mathematics for All,” although the
move is towards a formalisation of the
subject.  Failure to understand destroys
the child’s confidence so any introduc-
tion of new concepts, such as numbers
which cannot be used for counting
objects, must be built up carefully and
with few assumptions on the part of the
teacher.  Learning mathematics is a
series of leaps, so it is good to know that
the ground from which you take off is
solid.
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Summary of

Table 2.  Age of Introduction of Content (adapted from Howson, 1991)

Belgium France Italy Japan England

Decimals 9 9-11 8-11 8 9
Negative numbers 8 11-12 11-14 12 9
Operations on these 12 12-13 11-14 12 13
Fractions 7 9-11 8-11 8 11
Use of letters 12-13 11-12 11-14 10 13
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Working through a problem in the role
of student can serve as a springboard for
a discussion of the issues around content
and learning mathematics.  Contrasting
student solutions with adult solutions
(Appendix 4) further grounds the conver-
sation in a situation—reading student
responses—that is in fact, part of the
practice of teaching.  Marcy’s Dots

(Figure 1) from the 1992 National
Assessment of Educational Progress grade
8 test provoked a variety of responses
ranging from concern over the clarity of
directions to surprise at the many and
diverse ways students found their solu-
tions.  Common themes that emerged
from the group discussions are described
below.

Summary of Small Group
Discussion on Content and

Learning Issues in
Middle Grades Mathematics

Figure 1.  Marcy’s Dots Problem from the 1992 National Assessment of Educational Progress

A pattern of dots is shown below.  At each step, more dots are added to the pattern.  The number of dots added at
each step is more than the number added in the previous step.  The pattern continues infinitely.

(1st step) (2nd step) (3rd step)

• • • •
• • • • • • •

• • • • • • • • •
2 Dots 6 Dots 12 Dots

Marcy has to determine the number of dots in the 20th step, but she does not want to draw all 20 pictures and then count them.
Explain or show how she could do this and give the answer that Marcy should get for the number of dots.

Note:  See Appendix 4 for sample student solutions and the guiding questions for the discussion.
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STUDENT WORK

“Student work helps teachers think
about how students learn mathematics
and about the depth of their own under-
standing.”  (Participant comment)
Studying how students come to learn
mathematics by using a “site of prac-
tice,” an activity that is something
teachers do as part of teaching, led
some discussants to conclude that the
richness of student thinking about a
problem accompanied by student
solutions can be buried in the raw
statistics reporting student achieve-
ment.  The variety of strategies used by
the students in their solutions—charts,
recursive rules, formulas, listing all of
the cases, drawing diagrams—paralleled
the strategies used by the adults.
Discussing how students used their
understanding of the mathematics to
select an approach led to a discussion
about the reasoning used by the adults,
and in fact, led to some stimulating
mathematical discussions.  In some
cases, there was concern over the lack
of consistency between the work stu-
dents did and their description of what
they did.  This was attributed to a lack of
communication skills on the part of the
students, although learning to commu-
nicate is an important middle grades
topic.

An effective strategy to promote
student learning could be to have

students themselves learn by using
other student work.  The question of
quality answers vs. quality thinking
became an issue, however.  How do
teachers reward and reinforce correct
thinking even though the desired
solution is not presented?  Groups
identified non-mathematical causes for
student errors, answering the wrong
question, not reading carefully, or
jumping to conclusions, as well as
mathematical reasons such as identify-
ing the wrong pattern.  A side effect of
the analysis of the diversity in the
student work was a reminder to the
teachers not to impose their solution
method on their students.

THE MATHEMATICS

The question of teacher knowledge
and capacity to deal with problems such
as Marcy’s Dots is a serious one.  There
was a strong feeling that many middle
grade teachers do not have the neces-
sary background to deal with some of
the broad mathematical and algebraic
concepts involved in the problem:
variables and an introduction to sym-
bols, functional relationships, linearity,
sequences and series, recursion.  The
problem links algebra and geometry, is
multi-step involving logical thinking, and
leads to making generalizations.  The
perception that teachers are not pre-
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pared to teach this kind of mathematics
was reinforced by studying the algebra
portion of the draft version of the
revised National Council of Teachers of
Mathematics standards: Principles and
Standards for School Mathematics:
Discussion Draft.  The issue of certifica-
tion for teaching mathematics in the
middle grades, the nature of preservice
programs, and professional develop-
ment were repeatedly identified as
critical in helping teachers move beyond
their comfort with number to other
mathematical strands that should be
part of the middle grades curriculum.
There was also strong agreement that
content knowledge is not enough;
teachers must learn how to help stu-
dents bridge from the concrete to the
abstract.

ALGEBRA IN THE
MIDDLE GRADES

The issue of whether all eighth grad-
ers are developmentally ready for alge-
bra and how to position algebra in the
learning environment of the child raised
more questions. There was a consistent
belief that the study of patterns was
important, but there was tension over
how to move from the specific to a

generalization with all students.  The
nature of the problem allowed students
with different abilities and understanding
to find a solution, an important feature
for good problems. It is important for
students to see each others work and
then come to consensus on an effective
way to solve the problem at the most
abstract level that the students are
developmentally capable of understand-
ing.  Common beliefs were that the use
of a problem without a context lacks
motivation for students and that prob-
lems should be relevant and real to
engage students. Students should be
able to see where a problem is going and
how it connects to other areas they are
studying. They need to understand why
formulas and generalizations are impor-
tant, as well as how to think about and
use them appropriately.

ORGANIZATIONAL ISSUES

Two organizational issues surfaced as
barriers against practicing teachers
approaching any such problem in a
thoughtful and analytic way: the lack of
time during their school life to engage in
this kind of thinking and the current
emphasis on testing, where most of their
energy is concentrated on what is being
tested or the need for accountability.
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Teaching Issues in the
Middle Grades

The sessions on teaching issues in the middle grades focused on the questions

• What are the important characteristics of effective teaching in the middle grades?
Of effective teaching of mathematics in the middle grades?

• How can instruction in middle grades classrooms be organized to maximize
learning?  How can we tell when learning is happening?

• What tools and strategies will make a difference in how middle grades students
learn mathematics?

USING VIDEO OF CLASSROOM PRACTICE AS A TOOL TO STUDY AND
IMPROVE TEACHING

Nanette Seago, Project Director, Video Cases for Mathematics Professional
Development, Renaissance Project.

PANEL REACTIONS TO THE “CINDY VIDEO”

TEACHING AND LEARNING MATHEMATICS IN THE MIDDLE GRADES:
STUDENT PRESPECTIVES

Linda Foreman, President, Teachers Development Group, West Linn,
Oregon.

PANEL RESPONSE TO FOREMAN STUDENT VIDEO

SUMMARY OF SMALL GROUP DISCUSSION ON TEACHING ISSUES IN
THE MIDDLE GRADES
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Using Video of Classroom
Practice as a Tool to Study

and Improve Teaching

Nanette M. Seago
Project Director, Video Cases for Mathematics Professional Development

A newly-funded NSF project,1 which I
direct, is focused on developing video
cases as tools for use in mathematics
professional development.  Currently, staff
are in the process of hypothesizing,
testing-out, analyzing, and revising work-
ing theories around the use of video as a
tool to promote teacher learning.  There is
limited knowledge in the field about how
and what teachers’ learn from professional
development experiences.  It is mostly
uncharted territory. Not much is known
about what teachers learn from profes-
sional education (Ball, 1996), especially as
it pertains to the effect on teachers’

practice.  Even less appears to be known
about how and why teachers develop and
use new understandings in their own
contexts.  Conversations with colleagues,2

experiences of classroom teachers, and
experiences of professional developers
responsible for teacher learning are the
basis of our current knowledge.

Reflecting on the practice of teachers
and teachers of teachers, I have devel-
oped some “working hypotheses” (Ball,
1996) about the use of video to promote
teacher learning.  These frame the
design, development and formative
evaluation3 of my current work:

1National Science Foundation; (ESI #9731339); Host Institutions: San Diego State University Founda-
tion, West Ed

2I would like to acknowledge my colleagues Judy Mumme, Deborah Ball and her research group at
University of Michigan, Magdalene Lampert, Deidre LeFevre, Jim Stigler, Joan Akers, Judy Anderson,
Cathy Carroll, Gloria Moretti, and Carole Maples for their on-going help in thinking about these ideas.

3Joan Akers is the formative evaluator of the VideoCases Project; Deidre LeFevre is a graduate student
of Magdalene Lampert and Deborah Ball at the University of Michigan and is using the developmental
process of our project to research the impact of different forms of video case facilitation on teacher
engagement and learning around issues of pedagogy, student learning, and mathematical content.
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• teachers’ mathematical and pedagogi-
cal learning is greatly enhanced by
connecting learning opportunities to
classroom practice—to the actual
work of teaching.

• video cases of teaching can afford
teachers’ opportunities to learn
mathematics as well as pedagogy;

• video cases of teaching can afford
teachers’ opportunities to study and
learn about the complexities and
subtleties of teaching and gain ana-
lytic tools; and

• video case materials cannot stand
alone; the facilitation process is as
critical to what teachers learn  as
teaching is to what students learn.

This paper is organized around some
questions to explore in the attempt to
understand how video can be used to
promote effective learning:  What is the
work of teaching?  What do teachers
need to know and be able to do in order
to do the work of teaching well?  How
can video cases be used effectively to
develop teacher learning?  Putting forth
working hypotheses and questions
invites others responsible for teacher
education to make explicit the teacher
learning theories or working hypoth-
eses that guide and frame their own
work so that the community can engage
in critical professional discourse and
inquiry into practice as professional
educators responsible for teacher

learning.  Educational researchers can
use this work across multiple and varied
contexts to research why and how
teachers learn from professional educa-
tion experiences—whether it is using
video or other practice-based materials
such as student curriculum, student
work, or written cases.

Teaching is thinking, intellectually
demanding work.  Teaching is complex
and involves the interactive relation-
ship between content, students, and
teacher (Figure 1).  Typically in profes-
sional development we tend to isolate
and separate this relationship which
can pull apart and oversimplify the
work of teaching.  What gets left out

Teacher

Math Student

Embedded in a Context of 
Particular School and Community

Figure 1.  What Is the Work of Teaching?
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when this happens is the actual role of
the teacher in the thinking work of
teaching.  For example: we spend time
doing mathematics because under-
standing mathematics is crucial to
teaching mathematics for understand-
ing and interpreting student thinking.
But learning mathematical content in
and of itself hasn’t helped teachers deal
with figuring out the mathematical
validity in students’ thinking, to recog-
nize the validity in partially-formed and
inadequately communicated student
thinking, or to analyze mathematical
misconceptions.  But this kind of
mathematical analysis is a large part of
the mathematical content needed in
teaching for understanding.

Another example of professional
development is the examination of
student work and student thinking.
This is a critical part of the work of
teaching but not sufficient to help
teachers deal with the work of figuring
out what to do with student thinking
once they have it.  Are there certain
strategies or solutions that the teacher
ought to highlight in whole-class discus-
sion?  Does the order in which solutions
are shared matter in creating a cohesive
mathematical story line?  How does one
use individual student thinking and
alternative approaches to further the
collective mathematical learning of the
whole class?  Does a teacher stop and
pursue every child’s thinking, always, in

every lesson?  How does context factor
into the decisions?

Other efforts focus on teaching
strategies such as use of cooperative
groups, manipulatives, or writing in
mathematics separate from mathematical
learning goals and student learning.
Does one always use cooperative groups?
Are there advantages or disadvantages in
terms of student learning?  For what
mathematical learning can manipulatives
be helpful?  Do they ever hinder learn-
ing?  Are some manipulatives more
helpful than others?  If so, why?  Does
how they get used make a difference?
These are just some of the recurring
dilemmas teachers face without suffi-
cient help in acquiring the skills and
knowledge necessary to make intellectu-
ally flexible decisions.

The work of teaching involves more
than “in-class time.”  It involves acts of
professional practice before, during, and
after the moments of face-to-face teach-
ing.  Some examples of the kind of work
teaching entails are:

Before

• Setting mathematical learning goals
• Choosing/analyzing tasks and cur-

riculum in relation to goals and
students

• Figuring out various student ap-
proaches and possible misconceptions

• Learning about students
• Planning a mathematical story
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During

• Figuring out what kids are thinking/
understanding—the mathematical
validity of student thinking on-the-spot

• Figuring out what to do with student
thinking once you have it—seize or
not to seize? For what mathematical
learning goal?

• Balancing between individual student
and whole class mathematical think-
ing and learning—analyzing and
deciding

• Building a mathematical story
• Budgeting time
• Learning about students

After

• Figuring out what to do tomorrow
based on today

• Analyzing student work
• Learning about students

PURPOSES FOR USING VIDEO

When most people think of the
purpose for using video with teachers,
they think of models, exemplars, or
illustrators of a point.  The question this
poses is one worth researching. What is
being modeled or exemplified?  What is
it that teachers learn and use in practice
from viewing models or exemplars?
Teachers approach new learning in the
way in which they were taught by

following the procedure in an example.
Using this familiar “way of learning,”
they watch the video in search of proce-
dures to follow or features to copy.  This
can create barriers to a deep level
examination of teaching, for it often
keeps the focus on surface and superfi-
cial features of classroom practice.

Video can be used with a different
frame, an analytic frame which focuses
on the analysis of teaching practice,
gaining the awareness necessary to
analyze and interpret the subtleties and
complexities involved in the relationship
between knowledge of content, stu-
dents, learning, and teaching.  Analysis
involves studying the same video
episode through multiple lenses, as well
as the comparative study of multiple and
varied videos through the same lens.  It
involves examining the details and
specifics of practice—in this instance, in
this context, under these circumstances,
and perceiving the subtle particulars
(Schwab, 1978) in classrooms while
recognizing how these together form a
part of an underlying structure or
theory of teaching.  Analysis involves
supporting and disputing assertions or
conjectures with evidence or reasoning.

Taking an analytic stance in framing
the use of video creates a set of teacher
learning issues for teacher educators/
professional developers to consider.
Gaining awareness of the subtleties and
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complexities of practice does not hap-
pen easily.  We exist in a strong culture
of quick fixes, definitive answers, and
oversimplification of the practice of
teaching.  It will take purposeful teach-
ing of analytic skills (Ball and Cohen,
1998) in order for teachers to use
analytic skills.  This means it will also
take the study of how teachers develop
and use those skills over time to under-
stand how to help teachers acquire
them.

Developing a culture where teachers
can learn to critically examine the
practice of others as well as themselves
will be no easy task either, for there
currently exists a strong culture of
being nice.  Teacher struggles and
challenges need to be seen as opportu-
nities to learn rather than secrets to
hide.  Teachers need to be active mem-
bers of an intellectual professional
community that values risk-taking,
diversity of opinion, critical debate, and
collaborative analysis.  This has implica-
tions for the teachers of the teachers,
for they will be responsible for develop-
ing this culture—a culture foreign to
most U.S. teachers.

Video can be used for educative
purposes (Lampert and Ball, 1998), as
opposed to a more open-ended “what
do you think?” approach.  Open-ended
discussions can be useful in gathering
data on what teachers attend to, are

aware or unaware of, or how they think
about teaching, learning and math-
ematics in practice, but for teaching
something such discussions are not
usually effective.  Often the conversa-
tions become unfocused and scattered.
When viewing video, there is so much
data that sorting through it needs
focused guidance and structure.  An
educative point of view means to plan
and focus on specific goals for teacher
learning.  What can teachers learn
from this particular video and how can
they best learn it?   The mathematical
and pedagogical terrain of the video
needs to be mapped out in relationship
to what each episode offers teachers to
learn about mathematics, teaching, and
learning.  An educative point of view
explores the question, how can we go
beyond this particular video or set of
videos to learn the big ideas of practice?
the big ideas of mathematics?

HOW DO WE USE VIDEO TO
PROMOTE TEACHER LEARNING?

What might it mean to plan and
orchestrate professional education that
is guided by analytic and educative
purposes?  What are the implications for
the work of teaching teachers?  Just as
the practice of teaching is complex and
involves the interactive relationship
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between teacher, students and content,
the practice of teaching teachers in-
volves the interactive relationship
between professional educators, teach-
ers, and teaching content (Figure 2).

While there is no one right way to
plan and facilitate a video session,
purposeful planning around three key
areas is helpful: (1) the content of the
video segment(s), (2) the learning goals
of the session and (3) audience (or
learners).  A discussion of the planning
and facilitating these three areas using
the Cindy video as a context for analytic
and educative purposes in the work of
teaching teachers follows.

THE CONTENT OF THE VIDEO

The Cindy video clip lesson begins
with Cindy posing the problem, If you
lined up 100 equilateral triangles in a

row   (shared edges), what would
the perimeter be?  This is the first part
of the larger mathematical problem of
the lesson:  if you lined up 100 squares,
pentagons, hexagons in a row, what
would the perimeter be?  Can you
generalize and find a rule for the perim-
eter of any number of regular polygons
lined up in a row?  Figure 3 shows a
graph of Cindy’s lesson with an arrow
marking the point in time that we drop
in with the video clip.

Educational
Leader

Teacher

Context of 
Professional Education

Teacher

StudentMath

Content of Video or 
Other Professional 

Development Curriculum

Figure 2.  Teaching Teachers

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


U S I N G  V I D E O  O F  C L A S S R O O M  P R A C T I C E 69

Just as teachers need to know the
content of tasks they pose to their
students, teacher educators need to
know the content of the material they
are using as tools for educating learn-
ers.  Analyzing the material means to
analytically examine the terrain of the
video.  What opportunity does it offer to
learn about mathematics? pedagogy?
students? learning? In what ways can it
be used to learn new professional habits
of mind?  How can it be used to develop
skills in analysis and develop disposi-
tions of inquiry?  The Cindy video has
been used to:

• Learn mathematics.  The math-
ematical content allows for teachers
to learn about multiple algebraic
representations of a geometric rela-
tionship in non-simplified forms.  It
offers the opportunity to examine and
learn about recursive and relational
generalizations.  The role of math-
ematical language and definitions are
also embedded opportunities for
working on mathematics within this
video.

• Learn about student thinking/
reasoning.  Focusing on student
conversation and responses (Nick,
Chris, and Lindsey) provides the
opportunity to learn what we can or
cannot tell about the student’s appar-
ent understanding.  Nick may have

the beginnings of making sense of the
geometric relationship by viewing the
whole of each individual polygon’s
perimeter multiplied by the number
of total polygons, and then subtract-
ing out the inside shared edges:
(n represents the number of polygons;
s represents the number of sides of
each polygon).

Figure 3.  Cindy Lesson 1.  Overview of whole lesson (50
minutes)

We drop in

Sharing homework10 min

8 min

Whole class sharing 
5 minute video segment 
within this time

10 min

15 min

Whole class group 
status check

7 min

Posing triangle problem
Individual/small group

Posing of additional
polygons problem
in small groups
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Nick’s Response
Total Number of Sides – Shared
Sides:   p = ns – 2(n – 1)

ns is the number of polygons multiplied
by the number of sides of each poly-
gon.
2(n – 1) is the number of shared sides,
i.e., sides of the polygons not contribut-
ing to the perimeter.  The perimeter is
the total perimeters of all polygons
minus the perimeter of the shared
sides.

(Congruent    ’s)

Chris sees the relationship like Cindy
does—tops + bottoms + 2 end sides,
where the tops + bottoms are the contri-
bution each polygon makes toward the
perimeter of the whole:

Chris’s Response
Tops and Bottoms + 2 End Sides:
p = n(s – 2) + 2

If top and bottom are considered
together, each polygon contributes the
same amount to the perimeter.  Thus,
the perimeter equals the number of
polygons times the perimeter contrib-
uted by each polygon plus the two end
sides.

Lindsey may be trying to make sense
of the relationship by taking out the end
polygons, counting the outside edges of
each and dealing with the middle
polygons separately.

Lindsey’s Response
Interior Polygons + End Polygons:
p = (n – 2)(s – 2) + 2(s – 1)

(n - 2) is the number of interior polygons

(s - 2) is the amount contributed to the
perimeter by each interior polygon

(s - 1) is the contribution of each end
polygon to the perimeter

The perimeter equals the number of
interior polygons times the amount
contributed to the perimeter by each
interior polygon, plus the contribution
toward the perimeter by the two end
polygons.

Examining students’ thinking can
provide opportunities to work on math-
ematics.  It also offers the opportunity
to examine the teacher-decisions around
each student’s thinking. What appears
to be the teacher thinking and reason-
ing for the decisions around each
student’s thinking?  For what math-
ematical learning goals would she seize
individual student thinking, when would
she not?  When and why might she slow
things down? or speed things up?
Veronica introduces a recursive pattern
she sees from the table.  Examining the

End side

Interior polygon
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table and being able to generalize the
pattern is an opportunity that can be
utilized.

• Learn about teacher decision-
making.  While it may seem obvi-
ous that teachers make constant
conscious or unconscious decisions
while planning and orchestrating
discourse, this is not typically recog-
nized and critically examined by
teachers and administrators.  In order
to analyze teacher decision-making in
light of content and students, one first
needs to become aware such deci-
sions even take place.  You can’t
analyze and interpret what you can’t
see. It is the work of the facilitator to
“lift the veils so that one can see”
what isn’t normally seen (Eisner,
1991).  Using this video over multiple
sessions helps to move the learning
from awareness of decisions to the
level of analysis of decisions in light of
content and context.  When focusing
on teacher decisions, the opportunity
exists to push at the current tendency
for teachers to be definitive in their
claims around teacher decisions.
Pushing for alternative possibilities,
alternative possible reasoning or
conjectures with supporting evidence
and arguments over time can create
the necessary dissonance for learning
new norms and practices.

• Learn about the uncertainty in
teaching.  These video segments
offer the opportunity for participants
to learn about the uncertainties
involved in a complex practice
(McDonald, 1992), especially the
recognized uncertainties involved in
the moments of not knowing if a
student’s reasoning has mathematical
validity (Lindsey and Nick).  It can
highlight the recurring teacher
dilemma of figuring out what a stu-
dent is thinking and offer the opportu-
nity for teachers to gain multiple tools
for dealing with these uncertainties
themselves.  This learning can create
a tension for the facilitator between
not wanting teachers to leave with the
notion that all of teaching is uncertain
and on-the fly nor with the notion that
one can always predict what will
happen with certainty.  The learning
focus is to gain understanding of the
importance of planning for possible
student approaches as well as gaining
tools for better decisions in their own
moments of uncertainty.

GOALS FOR TEACHER LEARNING

It is important to decide on goals for
teacher learning when using a video
case.  Why are you using this case?
What outcomes do you seek from the
video case experience(s)?  A case can be
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used and facilitated for a number of
purposes, so it is very important to be
clear in your own mind about your
purpose (Miller and Kantrov, 1998).  It
may be that you have multiple goals for
using this video case, but you should be
clear about what they are.  Do you want
participants to extract principles from
the specifics of the video case?  Peda-
gogical principles?  Mathematical
principles?  Cognitive principles?  In
other words, can you abstract bigger
ideas about the practice of teaching
mathematics?  If so, does a facilitator
bridge from the concrete and specifics
of the video case experience to larger,
more abstract ideas?  Your decision
needs to be informed by what you know
about the group’s expectations, past
experiences, and interests.  As in teach-
ing, figuring out how to begin with the
learner’s experiences and bridge to new
learning is part of your work as a
facilitator in planning and orchestrating
video case experiences for learning.

THE AUDIENCE (LEARNERS)

It is important for the facilitator to
learn as much as possible about the
audience who will view the video case
session.  This will enable the facilitator
to anticipate possible reactions and ways
of viewing the video. While people will
attend to the things that they them-

selves find important, spending time
thinking of audiences as a whole can aid
in planning.  This will help bridge from
the audience’s world to a new learning
that may be outside the experience of
the group.  It will also help engage the
participants by identifying an entry
point (a best guess determined by what
is known of the group).  Since the Cindy
Case is complex and offers a number of
possible entry points, it is important
both to know the case and what it offers
as well as knowing the participants in
order to make an educated guess as to
what part of the case is an attractive
entry point for the participants.  While
this may be very different from the way
in which the facilitator connects to this
video case, reaching the participants
means the facilitator has an understand-
ing of where the participants will enter
the video case.

Some entry points into the Cindy
video include:  student thinking—
specifically Lindsey and plus 4; teacher
questioning—specifically all of the
questions Cindy asked in the segment;
the role of the table in furthering/
hindering student learning; classroom
environment; and the role of mathemati-
cal understanding in teacher decision-
making around student thinking.

It is also important to spend some
time thinking about possible audience
barriers to analysis.  These are things
that can get in the way of analyzing the
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video segment.  It helps to come up with
strategies for dealing with these barri-
ers.  Some barriers might be:

• The mathematics.  Gaining
awareness of the task helps partici-
pants to see more in the video than
possible without mathematical access.
In some cases doing the problem with
the squares first helps to highlight the
relationship and multiple representa-
tions while moving to the triangles
prior to viewing the segment(s).
Anywhere from 20 minutes to 45
minutes can be spent on the math-
ematics depending on the time
available and the audience.  Pushing
to get the three ways of representing
the relationship out has proven
helpful in participants’ ability to
recognize the alternate ways that
Nick and Lindsey use to making
sense of the relationship.

• Judging Cindy as good or bad.
Spending some time up front framing
the session as the analysis of one
moment in time without enough data
to judge Cindy as good or bad helps,
but it will probably be necessary to
seize seemingly judgmental comments
and go underneath them—asking for
specific evidences in the video and
why that is important to them.  Figur-
ing out how to use evaluative state-
ments as entries into analysis is
something for which strategies are not

yet well-defined.  Comparing this to
analyzing student thinking is helpful.
The point is not to judge the student as
good or bad but to analyze the math-
ematical thinking and reasoning.  In
this way, we are examining teacher
work—analyzing the mathematical
and pedagogical thinking/reasoning.
An analogy that is sometimes helpful is
an archeological expedition—concen-
trating on what can be learned from
each layer of artifacts, analyzing the
relationship between content, stu-
dents, and teacher decisions.

• “This class does not look like
mine!”  Cindy’s class is in an upper-
middle class suburban community.
The ethnicity of the class is not repre-
sentative of the national population of
students.  It might help to raise this
issue up front, acknowledging the
fact that it is different from many
contexts—asking that the video be
viewed from what can be studied and
learned about mathematics, teaching
and learning even though it is situated
in a context different from one’s own.
This issue can emerge when other
grade levels view and discuss this
video as well.  The notion that we can
learn from situations like our own as
well as those not like our own might
be a worthy goal in an initial session.
It may also be that this particular video
may not be a good first experience if it
presents too much of a barrier to the
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analysis of practice.  This raises the
important issue of providing opportu-
nity to use many video cases to analyze
through the same lenses, so learners
have a chance to bump up against the
big ideas of practice in multiple and
varied contexts.

• Too many things to pay atten-
tion to.  There are multiple things to
pay attention to when viewing the
complexities of classroom practice.
While participants can be asked to
focus on one aspect (i.e., student
learning, teacher decision-making,
mathematics), a group will pay
attention to multiple and varied
things—what they care about as
individuals.  It is helpful to recognize
this up front and to plan for at least
two viewings—the first to get out on
the table the things they will pay
attention to anyway and the second to
focus using a particular lens.  Asking
that viewers choose individual stu-
dents to follow and figure out their
apparent thinking along with the
apparent teacher decisions and
possible reasoning around that
thinking is a helpful task in learning
to focus.

In planning professional education
experiences, time is a necessary consid-
eration.  Do you have 2 hours?  4 hours?
Multiple sessions?  Consider how
variables of time, goals, and number of

participants interact.  What can be done
in advance?  Can readings help?  What
about after the session?  If you have
multiple sessions, what can participants
do between sessions?  Think about what
can be done realistically in the time
available.  Using some time up front to
access the mathematics of the task is
worthwhile.  This time is not intended
to mine the task for all of its mathemat-
ics but rather to get enough experience
to access the video case for analysis.
The viewing and discussion can offer
more opportunities to examine the
mathematics with purposeful question-
ing by the facilitator.

Video of classroom practice offers
potentially powerful resources for the
professional education curriculum.
Video and surrounding contextual
material constituting a video case study
can provide much needed tools for
professional developers to use with
teachers for observing and analyzing
complex practice.  Increasingly acces-
sible and affordable technologies create
exciting possibilities for the use of video
in teacher development.  Yet, the most
powerful, well-designed, and technologi-
cally advanced tools will do little to
improve teaching in this country by
themselves.  As good as the curriculum
may be, it can’t teach.  Teaching matters
in what students learn; teaching teach-
ers matters in what teachers learn.
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Hyman Bass, a mathematician from
Columbia University in New York,
spoke from the perspective of a math-
ematician about his observations on
mathematics and the teaching of math-
ematics after viewing the video.  He
pointed out that in his experience, the
mathematics preparation of teachers
comes from a list of topics that have
been incorporated into the design of a
course.  Either the teachers do not learn
what is taught at all or they learn the
content, but see no connection to what
they will do in their classrooms.  He
indicated that the use of a video might
be an appropriate tool to help bridge the
gap between mathematics as content
and mathematics in practice.

From his perspective, although the
video was framed as an algebra lesson,
he found it hard to think of it that way.
The lesson covered functions, data,
patterns, graph, but algebra as he thinks
about it was not dominant.  He noted
that the teacher had navigated through
measurement and the topic of unit and
that some students moved past symbolic
patterns to use geometry to solve the
problem.  There was also some math-
ematical tension because using  T+2 to

find the perimeter seems on the surface
to conflict with the fact that the perim-
eter increases by increments of 1.  What
the expressions T+1 and T+2 each mean
in the context of this problem, as well as
how they map onto each other, are
crucial mathematical issues in this
lesson, according to Bass.

Choices made by the teacher indi-
cated that she was on unfamiliar terri-
tory in some respects and approached
some of the topics with uncertainty.
While some teachers would have been
insecure in this role and moved toward
something they understood, Cindy was
a courageous teacher willing to move
into unfamiliar terrain to explore the
mathematics.  He noted that the impor-
tant analysis is not just about the math-
ematics but also about how that math-
ematics is begin taught.

Deborah Ball, a mathematics educa-
tor and researcher,  addressed the video
from the platform of teaching and
framed her observations in the context
of conducting a lesson by discussion.
She pointed out that it is much simpler if
the teacher does the talking because the
teacher then has control.  In discussion
situations, the teachers and students are

Panel Reactions
to the “Cindy Video”
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jointly authoring the text and if the
teacher has a goal in mind, it can be
difficult to reach the goal with this joint
authoring.  She raised four points, and
in each, indicated that there were two
ways to approach the situation and there
were costs in choosing either.  Her first
point was the mix of Cindy’s reactions to
student responses.  Some were open
and elicited student ideas, “What do you
think?” and some closed off discussion,
“That’s right.”  When teachers elicit
responses, they leave what they hear to
chance, not knowing what kind of input
they will get.  When they close off
discussion, they don’t have access to
student thinking but can be sure they
direct the lesson in ways to finish within
the class period.  Ball indicated it would
be interesting to analyze what Cindy’s
choices in this respect meant for the
learning that went on in the class.  In
handling student errors teachers make
the same choices.  In one case, Cindy
moved the student past an error to the
right vocabulary and in another instance
asked the class what they thought of
the statement, again either closing off
any discussion or opening it up and
taking a chance on  hearing something
unexpected.

Ball’s second point was to examine
who was being called on to respond.
Teachers make choices based on a
variety of considerations  knowing what
a student is likely to say, who is likely to

be having problems, and so on.  These
are complicated decisions and the way
teachers make them contribute in
significant ways to creating lessons out
of discussions.

Her third point was that the lesson
contained very little praise. Japanese
teachers use praise and reinforcement
in ways much different from teachers in
the United States.  Praise can be moti-
vating and a clue to students that they
are on the right track, but too much
reinforcement increases student reli-
ance on the teacher and makes them
less self directed.  The clues about
whether the class was doing well in the
video seemed to be embedded in the
content.  The students seemed to feel
they were thinking appropriately al-
though there were very few verbal
clues.

Ball’s final point was to emphasize the
relation between the ability to ask
questions and the teacher’s understand-
ing of the mathematics in the problem.
She commented that it strikes her as
particularly unhelpful in professional
development  to talk about good ques-
tioning techniques absent a content
base.  The teacher has to have the
ability to hear students and to keep an
eye on where she is going with the
discussion.  She has to have a sense of
the mathematics and of the students she
is teaching to make the right decisions
about the questions she will ask.
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The final remarks came from Sam
Chattin, a middle grades science
teacher.  Chattin began with some
comments on the TIMSS video of an
eighth grade Japanese classroom that
he had viewed during lunch.  He
observed that the Japanese classroom
had students in rows, no decorations,
the map on the wall was in only two
colors, there were no interruptions,
and there were two teachers for 36
students.  This is a significant cultural
difference compared with middle
grades classes in the United States.
Chattin drew a parallel between this
and some other observations about
Cindy’s teaching behavior.  If students
were to answer any questions, they had
to do it very fast because she moved
on.  When the students spoke, you

could not hear—which is typical be-
cause in U.S. classrooms it is often not
required that everyone hear student
responses.  Jenny gave a wrong an-
swer, but it is important to know that
you can have wrong answers and still
do well.  The U.S. culture uses some
prompt such as “excuse me” to speed
up and move on.  The question “Does
everyone agree?” elicits no response or
just one—everyone knew they did not
have to pay attention because she was
moving on.  Remarks such as “Think
about this,” are immediately followed
by “Okay, no…” with no time to think.
Teachers can do all of the changes they
are asked to make as teachers but don’t
have the time to internalize them so
they will be useful in the actual process
of teaching.
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In the spring of 1994, I spent six
weeks teaching mathematics to a
heterogeneous class of 4th and 5th
graders so that I could field test several
activities I was developing for the
Mathematics Alive! curriculum.1 Work-
ing with these students informed my
writing in remarkable ways, and since
my assignment was to create a complete
four-year curriculum, this six-week
project extended to four years. During
this time, a few students moved away
and a  few were added, but most of this
group remained, receiving their only
mathematics instruction for three or
four years in my classroom.

In the spring of 1997, I read several
excerpts from the TIMSS report to my

class. The students responded strongly
to descriptions of “typical” American
and Japanese classrooms and suggested
they would like an opportunity to share
their ideas about what is possible.
Hence, they applied and were invited to
present at the 1998 annual meetings of
the National Council of Teachers of
Mathematics and the National Council
of Supervisors  of Mathematics in
Washington, DC. Each of the students
identified a “big idea” related to teach-
ing and learning mathematics, wrote a
two-page paper about the idea, and
based a 3-4 minute presentation on that
paper. Included below are excerpts from
five students’ papers/presentations.
Although students received input and

Teaching and Learning
Mathematics in the

Middle Grades
Student Perspectives

Linda Foreman
President, Teachers Development Group, West Linn, Oregon

1 Mathematics Alive! is a comprehensive mathematics curriculum for grades 5-8, written by Linda
Cooper Foreman and Albert B. Bennett, Jr., and developed with support from the National Science
Foundation.

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


80 T E A C H I N G  I S S U E S

support from one another as they read
each other’s drafts and practiced their
presentations, each student’s ideas and
work are original.

Please note that I did not begin this
project intending to do research or
expecting the students to share stories
as they have. Rather, I chose a school
that was convenient to get to and from
so I could test ideas and maximize my
writing time. I chose the class because
the teacher had been thoughtful about
assuring a heterogeneous mix of stu-
dents (interestingly, the students’
achievement levels were very diverse in
the beginning but grew to be very
similar, e.g., by the end of their 8th
grade year, they averaged in the 92nd
percentile on the statewide standardized
test). With this in mind, I encourage you
to set aside the concerns you have
about ways these students may differ
from yours or others you know, and
simply consider the issues and possibili-
ties prompted by these young mathema-
ticians’ comments.

As you read their papers, you might
speculate about the nature of the class-
room instruction and culture that enabled
the students’ views about learning,
teaching, and mathematics. While these
students are explicit in their recommenda-
tions, are there implicit messages about
teaching and learning in the middle
grades? What can you “read between the
lines” about their mathematics experi-

ence? In particular, what thoughts do the
students’ comments and work samples
prompt about the following:

• What are the important characteris-
tics of effective teaching in the middle
grades? Of effective teaching of
mathematics in the middle grades?

• How can instruction in middle grades
classrooms be organized to maximize
learning? How can we tell when
learning is happening?

• What tools and strategies will  make a
difference in how middle grades
students learn mathematics?

ERICA—QUESTIONING

Ben:  “Ms. Martin, I am stuck on this
problem. How do I figure out the area of a
triangle? Can you help me get started?”

Teacher:  “Sure, Ben. First, here’s what
you need to do. Think about what a
triangle looks like. Now where would you
find the formula in your book for deter-
mining the area?”

Ben:  “Okay. I’ve got it. It’s 1–2 bh.”

Teacher:  “Good job. Now what is the
base measurement? What is the height
measurement? Do you see how to plug in
those measurements for base and height
to get the right answer?”

Ben:  “Thanks! I really understand now!”

No way!!  I don’t think Ben really
understands.  This dialogue is an
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example of what I call ineffective ques-
tioning by a well-intentioned teacher.
This type of questioning leads a student
to a certain way of thinking instead of
having them figure it out on their own.
… Also, using questions like this only
generates one method, focuses on the
answer not the process, and stops the
student from thinking very much….

Ineffective questions do not allow the
students to explain anything that they
have done or thought about.  If students
don’t have the chance to explain their
thoughts, then the teacher can’t know if
they really understand the problem.
Students may have the answer, but that
doesn’t help them in the long run.

… I know how powerful it is to come
up with an answer all by myself.  My
teacher might help me get started, but
I prefer to solve a problem myself.
Once I find an answer I am intrigued to
continue thinking of other possible
methods.  Also, when I find the answer,
I am more likely to remember how to
do that problem, or ones like it, than if I
am told the solution by a teacher or a
book.…

Some examples of effective ques-
tions to ask a student or a group of
students are:

• “What do you think?”
• “What if __________?”
• “Is there another way to think about

that problem?”

• “What are some observations you can
make?”

• “Can you explain your thinking?”
• “Can you predict what might happen

next?”

…Being asked questions that didn’t
lead me right to the answer was hard to
adjust to at first. I wasn’t used to finding
more than the answer.  Eventually the
whole class got used to being asked
these open-ended questions.  Then we
asked the same type of questions that
the teacher had asked us, but to each
other.…

In the beginning dialogue, Ben was
led to his answer by the teacher and he
wasn’t able to feel the joy of finding a
solution on his own.  Sooner or later he
may realize that he really doesn’t under-
stand the mathematics concept; he just
figured out the answer by plugging into
a formula without thinking. Ben would
have had a greater understanding if the
questions his teacher had asked had
been something like this instead....

Teacher:  “First, tell me what you
understand about area.”

Ben:  (explains his thinking)

Teacher:  “Can you tell me what you
already know about the triangle from the
picture?”

Ben:  (describes what he “sees”)

Teacher:  “What do you think you need to
know in order to find the area of a triangle?”
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Ben:  “Can you give me a clue?”

Teacher:  “Sure.  What if you build the
triangle on a geoboard to help you see it
in a different way?”

Ben:  (explores and invents a formula for
the area of the triangle)

Teacher:  “So now you have a formula
that works for the area of that triangle. Do
you think it will work with a right tri-
angle? ...an equilateral triangle? ...any
triangle? Why don’t you investigate that?”

JULIE—WORTHWHILE ACTIVITIES

In order for a mathematics class to be
worthwhile, I believe that the teacher
needs to provide the students with
worthwhile activities.  For example,
when we explain our thinking out loud,
make posters of our work, draw dia-
grams, work in groups, and use
manipulatives, we are more productive
and therefore learn more.... To deter-
mine if an activity is worthwhile, some
helpful things to ask are:

• Will it make students stretch their
thinking?

• Will it branch off to other topics?
• Is there more than one way to solve

the problem?
• Will it help students’ understanding of

the idea?
• Will it cause some disequilibrium?

… The best activities to do are ones
for which the teacher can say “yes” to all
of the above questions.  Teachers can’t
expect the students to work well in
groups if they give them a problem like,
“Find the sum of twenty-eight and
seventeen.”  Better questions to ask
would be, “Can you find more than one
way to solve the problem twenty-eight
plus seventeen?” or “Can you invent an
algorithm for adding any two digit
numbers?” …

As you read on, look for evidence in
Lindsay’s, Joel’s, and Kyle’s papers that
effective questioning and worthwhile
activities are/are not elements of their
instruction.  What questions and/or
activities  might have prompted the
mathematical thinking that Lindsay,
Joel, and Kyle demonstrate in their
examples?

LINDSAY—VISUAL MODELS

Working with models for mathematics
ideas helps me have a better under-
standing of mathematics concepts which
leads to confidence and success in
mathematics.  Visual models don’t just
help me find an answer, they help me
understand why the answer works.
When I use visual models, I have more
confidence in my thinking, and I have a
stronger grasp of the mathematics
ideas.  When I can find an answer by
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myself, and see why it works, it makes
me feel confident and that makes
mathematics more fun for me.

Models help guide me to the inven-
tion of formulas.  Visual models also
help me reinvent ideas.  If I forget a
formula or concept, all I have to do is go
back to the model and I can reinvent the
proof.  For example, if I forget how to
find the area of a trapezoid, different
formulas just pop right out to me in the
model.  Before I was able to invent the
following formulas, I invented formulas
for the areas of triangles, rectangles,
and parallelograms.

In diagram 1, I divided a trapezoid
into 2 triangles. I found the area of both
triangles and added them together. That
gave me the area of the trapezoid.

In diagram 2, I took 2 trapezoids and
“smooshed” them together to form a
parallelogram. I found the area of the
parallelogram  and then divided it by 2.
In diagram 3, I divided the trapezoid
into 2 triangles and a rectangle. I

“smooshed” together the 2 triangles,
forming a larger  triangle.  Then I found
the area of that triangle and added it to
the area of the rectangle.

…There are many advantages to
using visual models.  They help me
produce work more efficiently, and give
me a better understanding of mathemat-
ics concepts because I can actually “see”
the why behind a concept.  Most impor-
tantly, these models enable me to be
confident in myself as a mathematics
student and know that I really do have
an inner mathematician.

Diagram 1

Diagram 3

Diagram 2
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been working on in class.… I have
chosen a few excerpts from my journal
to help demonstrate how we record
important ideas and look back later if
we are stuck.

It is by coming across examples such
as this that we have learned that it is
very important to record the important
mathematics ideas we come across, and
to try applying methods we came up
with earlier, even if at first look it seems
as though the methods have nothing to
do with the idea we’re examining.  In
this way, new ideas make sense and are
easier to understand.…

JOEL—RECORDING IMPORTANT
IDEAS

As we work on dif ferent problems,
we come across “big ideas” that
seem to keep coming up, even in
seemingly unrelated topics.… This is
where our journals come in.  They
allow us to record our thoughts and
processes so that we may look back
later and work through our thought
processes again.

Each student’s journal is different, as
a journal is a place for records of per-
sonal struggles, discoveries, and in-
sights that help illustrate what we have

Figure 1.  Journal excerpts 1 and 2
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KYLE—MATHEMATICAL TRUST
Learning mathematics is a journey.

… Our teacher trusts us as capable
mathematical thinkers who can find our
own way.… That is, she believes there is
a mathematician within each of us.
Therefore, she does not lead, show, or
guide us in our journey… .

A teacher that does NOT have math-
ematical trust in her students may:

• Show a best way to solve a problem,
• Ask a leading question that looks for

an expected answer,

• Answer a question without letting the
students get involved,

• Not allow students to invent their own
procedures,

• Not allow students to feel disequilibrium.

The above actions discourage the use
of new ideas and different approaches.
They also take away the student’s
opportunity to feel the joy of learning
and doing mathematics.  I have noticed
that when someone tells me how to
solve a problem, my thinking stops.  On
the other hand, when someone allows

Figure 2.  Journal excerpt 3
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me to wrestle with an idea, I find myself
inventing more strategies and I get a
stronger grasp of the idea.  Solving a
problem myself helps me clarify my
understanding of the mathematics and
leads to important conjectures.

Last year our class invented the
strategy “completing the square” to
solve quadratic equations.  This fall,
when the idea came up again, we felt
certain we could solve any quadratic
equation.  So, our teacher said, “Just for
fun, if ax2 + bx + c = 0, what is x?”  After

the first day of exploration our teacher
asked us if we wanted clues.  We pro-
tested and ended that day and the next
day of class in disequilibrium.  Finally,
after three days of building models,
cutting and rearranging pieces, debat-
ing and discussing, and no clues, we
found the value of x.

The journal entry on the left below
shows  how I solved a specific quadratic
equation.  The journal entry on the right
shows how I used that idea to generalize
about any quadratic equation.

Figure 3.  Journal entries
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Because our teacher trusted us and
we trusted ourselves, we invented an
algorithm for solving any quadratic
equation (later we found out that other
mathematicians had also invented that
algorithm).

Learning is a journey.  Mathematical
trust keeps us going and allows us to
travel in new directions without worry-
ing about getting lost or taking the
routes that others do.

CONCLUSIONS

Working with these students for four
years has stirred my thinking about
learning and teaching and enabled my
growth as a writer. More importantly
perhaps, it has left me with food for
thought about teaching mathematics.
Following are a  few ideas on my mind,
prompted by the students’ comments
and work and by the Convocation
panelists and participants. Perhaps they
will provide thought or discussion
starters for you, and/or perhaps you
have other ideas to add to the list.

• It is possible to form a remarkable
mathematics community and class-
room culture when youngsters and
their teacher stay together over time.
How can this model be adapted to
work in the mainstream middle
school setting?

• We teachers and curriculum develop-
ers can impose artificial  limits on
students by the questions we don’t
invite or pose and by our own concep-
tions of learning, teaching, and
mathematics. How do we learn to
recognize this in our actions and
work?

• While it is the case that Lindsay, Joel,
and Kyle each went on to explore
applications of the area of a trapezoid,
center of rotation, and quadratic
formula, their papers suggest it was
the mathematical ideas themselves
that were engaging. What motivates
students to engage in thinking about
mathematical ideas? What makes a
problem “real”  for students? What is
meaningful  context?

• If one agrees that these students
provide evidence that it is possible to
cultivate interest in serious math-
ematical content, what are the instruc-
tional practices that are most influen-
tial in cultivating such interest?

• What is important and relevant
mathematics for middle grades? What
is worthwhile mathematical activity?
Note: deriving the quadratic formula
was not a part of my original lesson
plan; however, as Kyle pointed out,
the class spent 3 days wrestling with
the challenge. What may have been
gained or lost by taking this math-
ematical excursion? It seems to fit
Julie’s criteria for worthwhile activi-
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ties. What are other criteria to add to
Julie’s list?

• Many teachers were educated in a
system that promoted the notion that
only certain people can do mathemat-
ics. Can students come to recognize
and nurture their “inner mathemati-
cians” if  the teacher does not believe
every student has a capable math-
ematical mind? What professional
development experiences are neces-
sary for teachers to develop a sense of
“mathematical trust” in their students?

• Contrary to many common descrip-
tors, doing mathematics is an emo-
tional experience, and those emotions
can be positive ones, e.g., empower-
ment and passion for the subject
matter, pride in discovery and inven-
tion, respect for disequilibrium, and
joy over solving challenging prob-
lems. What teacher actions best
facilitate the development of such
feelings about mathematics?

• When students are called upon to
communicate mathematically, they
learn the language of mathematics as
they learn to speak any language-
simultaneously using invented lan-
guage (e.g., smooshing) and formal
language (e.g., disequilibrium, trans-
formations). It can be uncomfortable
for teachers as they strike a balance
between accepting students’ invented
language and teaching formal math-
ematical language.

• As Erica pointed out, teaching that
focuses on how students think about
mathematics has a powerful influence
on students’ learning as well  as their
views of themselves as mathemati-
cians. It also  provides the teacher
rich information about the extent to
which students understand and are
able to integrate mathematical ideas
and processes into their own way of
thinking. For example, in Lindsay’s
and Joel’s explanations of their
thinking, their use of transformations
provides evidence of their sense of
geometry as a process; and we see
evidence of Lindsay’s and Kyle’s
sense about the integrated nature of
algebra and geometry by their use of
algebraic symbols to represent the
geometric and algebraic relationships
they could “see” in models. Because
teaching that centers on how stu-
dents’ think is so different from the
mathematics instruction most teach-
ers and parents have experienced, it
is particularly challenging to shift
away from practice that emphasizes
telling students what to think. Long
term professional development and a
curriculum that emphasizes students’
mathematical thinking  are essential
for teachers to make this shift.

The examples given in this paper
provide a glimpse of what is possible
when students are immersed over time
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in a Standards-based curriculum;
however, it is important to keep in
mind the fact that this project lasted for
four years. Just as implementing
reform is a challenge and requires
long-term support for teachers, the
benefits of reform-based teaching are
not immediately apparent in students.
Had these students written their papers
even a year earlier, some students
would have expressed doubts about
how and what they were learning (they
kept close tabs on activity in their
peers’ more traditional classrooms—

the media, and even some mathematics
teachers, told them they would never
learn what they needed to know); there
would have been more disequilibrium
about certain mathematical ideas that
are described with confidence here;
their parents may have expressed
doubt due to the uproar about math-
ematics reform in the local news; and
their teacher would have been a little
less secure in her conviction to main-
tain high expectations, trusting
everyone’s disequilibrium was a sign of
new learning about to occur.
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Three panelists were invited to
comment:  Hyman Bass, a university
mathematician, Sam Chattin, a career
middle grades teacher, and Deborah
Ball, a researcher on teaching and
teacher educator.  Sam Chattin, who
does not teach math, reacted to the
video thinking about middle grades
students in the context of social groups.
He observed that the students in the
video had formed an effective social
group and seemed to have made a
conscious choice to stay in the group,
probably because of the affirmation they
received about their ability to do math-
ematics and be successful.  The teacher
had clearly done some modeling about
learning mathematics and about group
behaviors.  He noted that a strong
commitment to the social group was
evident in the students’ willingness to
raise money to travel to Washington,
DC.  The body language of the students
making their presentations indicated
they felt very secure, and it was clear
that adults had made them that way,
free to make mistakes with no censure.
They used their own words (e.g.,
“smooshed”), an indication they felt free

to translate what they knew to their own
world.  Probably the most significant
observation for the audience was his
remark that the audience laughed when
the students were the most serious.
Chattin pointed out that it is hard for
adults to recognize just how serious
middle grades students are.

Hyman Bass described himself as a
university mathematician “infected” with
observing elementary teaching and
thinking about how students learn
mathematics.  He shared Sam’s impres-
sions and saw in the students a reflec-
tion of the teacher’s practice:  attitude
towards content, classroom culture,
philosophy, and principles of teaching.
Bass felt the students saw themselves as
mathematicians with the pride of discov-
ery when they realized they were part
of history.  The mathematical topics
covered algebra and geometry, which in
his view have been excessively sepa-
rated in the standard curriculum.
Particularly nice was the use of transfor-
mational geometry, cutting and pasting
to find the area of the trapezoid (which
preserves area), and in one of the
presentations the use of rotations and

Panel Response to
Foreman Student Video
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the center of rotations as a way to
approach the problem.  He observed
that some of the methods of teaching
were obvious in the student presenta-
tions, such as keeping a journal of
mathematical ideas.  When one of the
students was given a problem about
using perpendicular bisectors of chords
to find the center of a circle, although he
had the answer, he returned to his
records in the journal and made the
connections with the mathematics he
had recorded to learn why his answer
worked.  According to Bass, the tape
revealed products of enlightened teach-
ing where the students were able to
communicate about mathematics and
had a passion for the subject.

Deborah Ball noted the challenge of
commenting on teaching when teaching
was not visible on the video segment.
However, she said, several key observa-
tions were possible about what the
teacher must have done for students to
be able to do the things displayed on the
video.  She framed her remarks around
the conjecture that this teacher had

actively held and communicated high
expectations for students.  She said that
teachers can move children if they hold
expectations that students can learn and
do not take refuge in “Most (or my) kids
can’t do this.”   Ball’s first point was that
the teacher in this case had to teach her
students how to use her questions as a
way to learn; they had to learn to make
sense of the way she teaches.  Second,
the teacher had to cultivate interest in
the mathematics.  Thinking students are
not interested is the static view; the
teacher had done something to make
these students interested and involved.
A third point was that the teacher had to
cultivate a language within which the
class could work.  She had taught them
some formal words that were not part of
their vocabulary (e.g., “disequilibrium”)
but she also accepted their words
(“smooshed”).  And finally, she must
have created some incentives for stu-
dents to learn to work this way.  The
students had been given high incentives
to engage in mathematically sound
work.
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Using the videos and panel observa-
tions as a backdrop, the discussion groups
addressed the following questions: What
are the important characteristics of
effective teaching in the middle grades?
Of effective teaching of mathematics in
the middle grades?   How can instruction
in middle grades classrooms be organized
to maximize learning?  How can we tell
when learning is happening?  And, what
tools and strategies will make a difference
in how middle grades students learn
mathematics?  What are the important
characteristics of effective teaching in the
middle grades?  Of effective teaching of
mathematics in the middle grades?

The answers to the first question
clearly reflected the middle school
philosophy, with an emphasis on a safe
learning environment where students
work in a social caring classroom and
learning mathematics is treated as a
social activity.  There was strong sup-
port for student-centered classrooms
and reinforcement of student ideas
and work.  Some caution was voiced
about using praise to reward less-than-

adequate performance.  As the groups
struggled to identify effective math-
ematics teaching, many mentioned that
“quiet discomfort” signals new learning
and that a sense of disequilibrium is
essential to learning, reflecting the
message from one of the videos.  A
clearly identified characteristic of
effective middle grades mathematics
teaching was the need for strong con-
tent knowledge on the part of the
teacher.  This was particularly signifi-
cant when mathematics was viewed
from the perspective of a challenging
middle grades curriculum that goes
beyond computational skills.  The
groups identified the following charac-
teristics of effective middle grades
mathematics teachers.  Effective middle
grades mathematics teachers:

• have high expectations for their
students

• have students who are involved in
active learning situations and en-
gaged in communicating mathematics

• design their lessons with well defined

Summary of Small Group
Discussion on Teaching

Issues in the Middle Grades
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goals and a coherent message making
connections within the course and the
curriculum

• are able to build understanding from
concrete models, knowing how and
when to bring the ideas to closure

• understand the importance of asking
the right questions in ways that
promote thinking and allowing
sufficient time for students to respond

• listen to their students’ responses so
they know where those students are
in their mathematical understanding
and use this knowledge to develop
student learning

• are flexible yet have created a familiar
structure and routine for their classes

• provide models for student learning
by the way they teach.

How can instruction in middle grades
classrooms be organized to maximize
learning? The groups stressed the
critical role of the school administration
in creating a structure and support for
student learning, from setting the
school environment to ensuring that
class disruptions were minimized.  The
groups also consistently mentioned the
need for time for teachers to work
together developing lessons and think-
ing through the curriculum, for flexible
blocks of time (not necessarily block
scheduling), for manageable class sizes,
and for clear articulation between
grades.  Over a fourth of the groups

supported “looping”—having a teacher
remain with a class of students over
several years.  There was strong sup-
port for using teams as a way to create a
community of teachers.

How can teachers tell when learning
is taking place?  Students provided such
evidence when they were engaged and
able to explain the mathematics they
were learning to others.  Students who
understand can apply mathematics to
solve problems and have the ability to
revise their thinking based on their
investigations.

What tools and strategies will make a
difference in how middle grades
students learn mathematics?
Manipulatives, calculators including
graphing calculators, and computers all
were referenced by the discussants as
important tools to help students learn
mathematics. Assessment as a tool to
enhance learning was suggested, as
well as engaging students in writing
and projects.  Strategies for helping
students learn mathematics included
creating a warm and open environ-
ment, where there were clear and
consistent policies among the team
members. Parents should be informed
and involved.   Mentoring and building
a community of teachers were reoccur-
ring themes.  Teachers should be
working with other teachers on les-
sons, visiting classes, and designing
professional development activities
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around the context of the content
teachers were teaching.   Teachers
should be engaged in posing questions
and debating answers to stimulate
student thinking. Attention should be
paid to the developmental levels of
students, although questions were
raised about what the term develop-
mentally appropriate meant and how
teachers would understand this in
terms of their students.

The comment was made that “We are
not taught to teach, only about teach-
ing.”  Video as a way to initiate a discus-
sion of teaching was perceived as both
positive and negative.  The initial ten-

dency to criticize can overtake the
discussion.  There was concern that
viewers might not recognize good
teaching.  The risk of going public as a
teacher and standing for inspection was
too great to make this a useful medium.
Those who found viewing actual in-
stances of teaching useful, appreciated
the different thinking that can result
from talking about actual practice.  A
video allows a situation to be viewed
repeatedly from different lenses. The
groups did agree, however, that the
viewer should have a well defined focus
in order to make the viewing and
ensuing discussion useful.
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The sessions on organizational issues in the middle grades focused on the questions

• What are the important characteristics of school organization and mathematics
programs that support teaching and learning meaningful mathematics in the
middle grades?

• How can the schedules of teachers and students be organized to implement what
we know about effective teaching and learning in the middle grades?

• What are the issues surrounding specialists vs. generalists?  What kind of teach-
ing assignments maximize program effectiveness in mathematics?

THE ORGANIZATION AND STRUCTURE OF SCHOOLS AT
THE MIDDLE GRADES:  A PRINCIPAL’S PERSPECTIVE

Stephen O. Gibson, Patapsco Middle School, Ellicott City, MD.

THE ORGANIZATION AND STRUCTURE OF SCHOOLS AT
THE MIDDLE GRADES:  THE ROLE OF DEVELOPMENT, SUBJECT
MATTER, AND TEACHER PROFESSIONAL DEVELOPMENT

Mary Kay Stein, Learning Research Development Center, University of
Pittsburgh.

IMPROVING ACHIEVEMENT IN THE MIDDLE GRADES IN
MATHEMATICS AND RELATED AREAS:  LESSONS FROM THE
PROJECT ON HIGH PERFORMANCE LEARNING COMMUNITIES

Robert D. Felner, National Center on Public Education and Social Policy,
School of Education, University of Rhode Island.

PANEL DISCUSSION ON THE ORGANIZATION OF SCHOOLS
AT THE MIDDLE GRADES

Organizational
Issues in the

Middle Grades
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The key word in the three questions
we were asked to consider is “meaning-
ful.”  At the middle level, principals and
administrators often fall into a trap of
offering programs that many do not
consider meaningful.  To ensure that we
are looking at meaningful mathematics
programs, we have to represent a full
scope of the types of mathematics that
we offer within middle schools.  We
need to look at the individual needs of
students as opposed to placing everyone
into a nice box starting here in math-
ematics in sixth grade and ending there
in eighth, knowing that our students do
not come to us like that.

One of the major key issues is the
examination of data.  All too often, our
students come to us from elementary
schools with testing that has gone on in
first, second, third, fourth and fifth
grades.  They arrive at the middle level,
and very few people review that data.

The students are placed into an area and
do not move.  They stay within that
functional mathematics program, or
they stay in a designated mathematics
program without any flexibility.  In that
regard, it is very important to look at
the different levels that we can give to
students.  We see students who come
into the classroom who are not achiev-
ing well in mathematics.  One of the
things that you do is to ask some ques-
tions and start examining behind the
picture.  Then you see there are just
fundamental flaws in small areas that
have prevented them from having
achieved at the highest level. We need
to use data effectively to be able to get
that done.

Within that structure, we must also
make sure the schools are organized
well so that articulation can take place.
A fundamental flaw that we have within
the K-12 system is that levels do not

The Organization and
Structure of Schools at

the Middle Grades
A Principal’s Perspective

Adapted from the Transcript of Remarks by Stephen O. Gibson
Patapsco Middle School, Ellicott City, MD

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


98 O R G A N I Z AT I O N A L  I S S U E S

articulate among each other.  Students
come to middle school.  The middle
schools have really never talked to
anyone at the elementary school to see
how these students are doing in math-
ematics.  What are the basic premises
that we need to teach them?  When
students are not achieving and are not
doing well in that first few weeks of
school, all too often what we want to do
is to point a finger at the grade level
before and say, “You did not teach them.
You did not give them the capabilities,
the skills to prepare them for middle-
level mathematics.”  Conversely, the
same thing happens when those stu-
dents go on to high school, and our high
school teachers say they are not ready
or prepared for the rigorous mathemat-
ics they need to be competitive with
people across the world.

We need to set up a process for
articulation.  It is important that we talk
to fellow colleagues at the elementary
level and set up those times where
middle grade teachers can speak to the
elementary teachers of mathematics
because elementary teachers have the
toughest job in the world.  They are
trying to deliver multiple skills and
sometimes skills that they are not even
prepared for as well.  Articulation will
give us a better picture.  Also, we need
to make sure we are taking a look at the
assessments that we give students so
that we are getting a real feel for where

students are as far as understanding and
skills.

If we can build a program where we
are utilizing data, data that tells us a lot,
then we will start to build programs that
allow us to have multiple levels that
actually work.  Schools need to be
organized so they are not afraid to be
risk takers.  Schools can modify assess-
ments. They can look at assessments
that fit their particular building.  We
have a middle-level TT-type program.  It
is not taking our students two levels
above, but one level above.  How do we
get students into that program?  Is it by
feel?  Is it by guess?  When we do that,
we short-change youngsters.  We set
them up so they cannot succeed.  You
can develop assessments that actually
match students and content knowledge,
and when students are put into those
programs, it works better.

A major flaw in what we are doing
with students is not utilizing technology
that is out there.  There are students
who, given the right tools, can be
successful.  I have a daughter who does
tremendously well if you give her the
calculator as a tool.  If you take that tool
away, she is going to struggle.  She
knows the systematic way of doing
things, but she may not always know
how to do it correctly.  She gets frus-
trated to the point where she can’t put
the calculations together.  We have
computer technology that has not been
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utilized within our schools.  It is prob-
ably the biggest shame in American
education.  Principals and others will
admit to having 100 computers in their
building.  When you ask them how they
are used instructionally, there are
frowns on people’s faces because they
really don’t know.

Students are using computers at
home all of the time.  They come to
school, their parents ask did you use
computers today, and the answer is no.
Are computers in the building?  Yes.  In
visiting a school that was in reconstitu-
tion, I had the distinct privilege of
looking at a school that had four brand
new computer labs, and nobody knew
how to use them.  We need to question
whether or not the technology is there,
whether it is being used, and how we
effectively train our teachers to use it.

Moving on to the other questions,
students’ schedules need to be put
together so that they have opportunities
to be able to move, to match those
schedules effectively with other issues.
Mathematics is not taught in a vacuum.
Mathematics is part of a larger course of
teaching; if mathematics is not used
effectively across the different subject
matters, then it is not going to be really
learned well.  It must be integrated into
other things that are going on.  We must
utilize schedules that enable students to
see the relevance of mathematics across
multiple discipline areas.  Mathematics

can be used all the time.
Writing, conversely, can be used the

same way in mathematics.  We have to
make sure the students know the old
fundamental question.  How do I use
algebra?  How do I use geometry?  How
do I use calculus?  There should be
places for students to be able to see and
maximize the use of that understanding
in terms of their learning environment.

If effective teaching is really going on
within a building, teachers can collabo-
rate and talk across subject lines and
see how it all fits together for the rel-
evance of the student going to school.
When students were two, three and four
years old, all of the things they put
together were relevant to one another.
They could figure out why they
matched.  We get to school, and all of a
sudden everything is in an individual
subject compartment or area.

Perhaps the main issue in all of this is
looking at the last one in the set of
questions—of generalists versus special-
ists in teaching mathematics.  Some
generalists are outstanding mathematics
teachers, and they call themselves
generalists.  However, if you watch them
and sit in a classroom with them, they
are no longer generalists—they have
worked exceptionally hard; they have
taken course work; they have studied
their materials.  They have pushed
themselves to a new level, and they are
no longer generalists.  They have

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


100 O R G A N I Z AT I O N A L  I S S U E S

become specialists in their areas.
Perhaps the flaw in that is taking the
teacher and then moving them around
year after year and having them feel
they can teach this mathematics or that
mathematics.  So they no longer be-
come a specialist.  They are a generalist
again.

There are teachers who are trained as
specialists who are in the same realm.
They are pushed around.  They do not
get a chance to acquire the knowledge
and the skills to be able to teach courses
effectively.  We must put together
schedules that make things work for
teachers.  We should not put teachers
into a bind of every year returning back
to school, looking at a master schedule,
and finding themselves scheduled to
teach something different.  They are,
therefore, in a trap and a vacuum,
starting day one off along with the
students.  It is a huge flaw.  It is a
problem that we create for teachers
sometimes.

As principals and effective leaders of
the building, we have to be able to sit
down and communicate with our teach-
ers, to understand their skills and know
the support that they need to succeed.
We need to push them along.  We need
to counsel them to push their classes.
We need to observe their classes,
ensuring that mathematics instruction
takes place, where students actually
learn, where students can ask ques-
tions, and where students can succeed.

Every student coming into the sixth
grade or the seventh grade or the
eighth grade can learn very quickly if
given the proper tools, given the proper
training, and, perhaps the most impor-
tant thing of all, given a caring, nurtur-
ing environment that says
instructionally, academics are first and
that we are going to make it work.  But
we are going to support you as an
individual in an academic environment
so that you can find success.
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Middle school scholars and math-
ematics educators agree on the broad
goals for middle school reform:  High-
performing schools for young adoles-
cents should be developmentally re-
sponsive, academically excellent, and
socially equitable (Lipsitz, Mizell,
Jackson, & Austin, 1997).  Despite this
broad agreement on goals, however,
these two groups have tended to advo-
cate different strategies for reaching
those goals. Middle school advocates
favor a developmental approach, while
mathematics educators favor what I will
label a subject matter approach.

The developmental approach to
middle school reform is based on a well-
established literature which asserts that
the imperatives of adolescence are too
powerful to be ignored.  Therefore,
school practices must be adapted to

meet these needs.  In large part, the
response of reformers has been to
initiate organizational and structural
changes aimed at creating small, consis-
tent communities of learning for stu-
dents. The subject matter approach, on
the other hand, is driven by the impera-
tives of mathematics, particularly by the
new ways of conceptualizing the teach-
ing and learning of mathematics which
have been recommended by the Na-
tional Council of Teachers of Mathemat-
ics Standards (NCTM, 1989). At the
middle school level, these standards call
for the broadening of topics beyond the
typical review of general arithmetic, and,
at all grade levels, for more student-
centered forms of pedagogy, more
cognitively challenging mathematical
tasks, and  greater diversity in pedagogi-
cal practices (e.g., the use of extended

The Organization and
Structure of Schools at the

Middle Grades
The Role of Development, Subject Matter,
and Teacher Professional Development

Mary Kay Stein
Learning Research Development Center, University of Pittsburgh
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projects, small workgroup settings, and
a variety of representations).

In this paper, I suggest that each of
these approaches is inherently incom-
plete and propose a third approach—one
that attempts to build on and integrate
the two. The proposed approach to
middle school reform joins professional
development for teachers and administra-
tive functions giving rise to a new middle
school organization and structure that is
jointly informed by subject matter and
developmental concerns.

THE DEVELOPMENTAL APPROACH

The developmental approach to middle
school reform builds on our knowledge of
the social, emotional, physical, and
intellectual characteristics of students in
their early adolescent years. Socially, we
know that adolescents have great needs
for peer affiliation, while at the same time
struggling to establish a personal identity.
Emotionally, adolescents are often torn
between attempts to assert their indepen-
dence, and feeling the need for adult
support and guidance. Physically, adoles-
cents are experiencing changes in the size
and shape of their bodies, changes which
are associated with anxiety and the need
for physical activity.  And, last but not
least, adolescents are growing intellectu-
ally.  The expansion of their cognitive
capacities to include formal operational
thought and the ability to entertain “the

possible” is a well-documented phenom-
enon of this stage of life.

In response to these characteristics,
middle school reformers have set into
motion a variety of structural and organi-
zational changes that have resulted in
middle schools which look very different
from traditional junior high schools.  For
example, many middle schools have
been reorganized into a series of smaller
units (e.g., houses, teams, advisory
programs, homebase groups, team-based
mentorships) that are designed to
encourage students to form stable
relationships with a consistent group of
peers and adults. Many schools have
organized their faculty into interdiscipli-
nary teams in order to better teach
integrative and exploratory forms of
curricula that are meant to challenge
adolescents’ expanding cognitive capa-
bilities. Some reforms even extend
beyond the physical walls of the school
building by setting up home-school
partnerships, liaisons with community
organizations, and comprehensive
guidance services.

Over the past decade as these organi-
zational and structural changes have
taken hold, we have seen considerable
progress in the creation of a new middle
school climate, one that is discernibly
warmer, more respectful, and more
encouraging of adolescent development.
Unfortunately, this improved climate
has not been accompanied by increases
in student achievement in the content
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areas.  A variety of state, national, and
international studies—not just in math-
ematics—but also in reading and sci-
ence, suggest that the performance of
middle grades students can be charac-
terized by academic stagnation (Lipsitz,
Mizell, Jackson, & Austin, 1997)

Why is this so?  The theory was that the
above changes would set the conditions for
strong academic learning. If students felt
secure, respected, and intellectually
stimulated, it was argued, they would be
motivated to engage with the cognitively
challenging academic work before them.
One hypothesis for the lack of academic
progress is that the organizational rear-
rangement and resulting climate changes
have not been nearly as widespread as is
often reported; this argument goes on to
suggest that in those schools in which the
changes have been successfully installed,
students are showing learning gains (see
Felner, this volume).

Another hypothesis, however, is that
middle schools, across the board, have
been overly focused on organizational
and climate variables.  While houses may
promote a stable sense of community
and rearranged schedules may permit
students to have steady access to consis-
tent mentors, all of these efforts, positive
as they are, will not—in and of them-
selves—lead to improved student learn-
ing.   School principals and teachers
must progress to the next step:  the
critical examination of their instructional
programs.  What is actually being taught

and learned inside the classroom door?
The failure of organizational changes

to impact student achievement is not a
new problem, nor is confined to middle
schools.  Throughout history there has
been resistance to making profound,
lasting changes in the educational core,
that is, in  “how teachers understand the
nature of knowledge and the student’s
role in learning, and how these ideas
about knowledge and learning are
manifested in teaching and classwork”
(Elmore, 1996, p. 2).  Most of what
passes for reform is the rearrangement
of structures at an organizational level
which—although well intended—is not
robust or potent enough to induce, let
alone sustain, real improvements in
classroom teaching and learning.

If the second hypothesis is accepted,
the problem of the middle school
reforms of the last decade can be recast
as a problem of not penetrating the
educational core, a core that by defini-
tion resides in teaching and learning
interactions inside the classroom door
and hence needs to be informed by
subject matter. Teaching and learning is
always about something.

THE SUBJECT MATTER APPROACH

The subject matter approach starts at
the educational core with questions
regarding the nature of mathematics
and how it is best taught and learned.
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In fact, questions about issues of teach-
ing and learning—What does it mean to
know mathematics?  How can students
develop deep and flexible understand-
ings of mathematics? What is the role of
the teacher in a mathematics class-
room?—define the reform movement in
mathematics.  With the release of three
landmark documents (i.e., the Curricu-
lum and Evaluation Standards for School
Mathematics, 1989; Professional Stan-
dards for Teaching of Mathematics, 1991;
Assessment Standards for School Math-
ematics, 1995), the National Council of
Teachers of Mathematics has stead-
fastly called for deep epistemological
shifts in how these questions are an-
swered.  In order to truly “know”
mathematics, these documents argue,
one must be able to use mathematical
concepts and procedures to think with,
reason about, and communicate with.
In order to develop into mathematical
thinkers, students must have the oppor-
tunity to construct their own under-
standings of mathematics.  And in order
for students to develop in this way,
teachers’ instructional practice must
provide students with the opportunity to
engage with cognitively challenging
tasks and to learn to think, reason, and
problem solve.

Over the past decade, there have
been encouraging signs that the “math-
ematical core” is undergoing, or about
to undergo, reconstruction in hundreds

of middle school classrooms across the
country.  Largely through the outreach
efforts of NCTM and other professional
networks, middle school teachers are
beginning to recognize the value of
instructional programs and practices
that are more student-centered and
inquiry based.  The signs of progress
include increased levels of awareness of
the NCTM Standards among teachers
(Weiss, 1993), as well as beginning
attempts to redesign curriculum, in-
structional methods, and assessment
practices to align with the Standards. In
some schools and classrooms, substan-
tial changes in how mathematics is
actually taught and learned can be
witnessed.

Despite these efforts, however,
middle school students’ performance on
national and international tests of
mathematics proficiency has remained
at low levels over the past decade.  For
example, on the Third International
Mathematics and Science Study, U.S.
8th grade students’ mathematics
achievement was found to be below
average internationally and lower than
that of students in many countries
which are our economic competitors
(Silver, in preparation). These findings
parallel the disappointing middle grades
performance on the most recent Na-
tional Assessment of Educational
Progress.

Why is this so?  Similar to arguments
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that there has not been widespread
adoption of the organizational and
climate changes advocated by middle
school reformers, the extent to which
mathematics reform has actually
reached most of our country’s schools
and classrooms has been brought into
question. Although there are increasing
calls for more widespread, often system-
wide changes in mathematics instruc-
tional practice, there are few answers
for how to do this effectively. It is more
typical to find pockets of excellence than
it is to see entire schools or districts
enacting the mathematics reforms.

Another (related) reason for the lack
of progress in student achievement,
however, is the ambitious nature of the
reform itself.  Learning mathematics in
this way is very difficult for students
who have been socialized into another
way of thinking about what it means to
know and do mathematics.  When speed
and accuracy have been the main
criteria for successful performance,
students are likely to feel anxious (and
sometimes resistant) when they first
encounter tasks that demand conceptual
understanding, problem solving, and
communication. In addition, teachers
are being expected to teach in ways that
they themselves have never experi-
enced and for which they have not been
trained.  And teachers are the linchpin
in any reform effort. Students will not
receive the opportunities to learn

mathematics well unless their teachers
are well prepared and supported.

Seen in this way, low student perfor-
mances on mathematics assessments is
at least partly attributable to a failure on
the part of the educational system to
adequately educate its teachers to teach
in this new and demanding way.  Most
professional development consists of
one-time, pull-out workshops with little
or no attempt to transfer what has been
learned to teachers’ day-to-day working
environments (Loucks-Horsley,
Hewson, Love, & Stiles, 1998). Fre-
quently, teachers select professional
development sessions from a district-
generated menu of options, with little or
no continuity from one session to the
next and little or no connection to the
overall goals of their school or district.

Aware of these shortcomings, profes-
sional development experts have begun
to recommend more focused, continu-
ous, classroom-based forms of profes-
sional development.  In addition, they
point to the need for professional
development that connects to the
curriculum that teachers are implement-
ing, as well as to their school’s overall
improvement plan.  Given the current
structure of the educational system,
however, there is little chance of such
forms of professional development
flourishing in the near future.

In most schools and districts, profes-
sional development is organized and
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delivered as a discrete activity, far from
the line of institutional decision mak-
ing, power, and authority.  As such, it is
viewed as an optional activity, often
with limited resources and little institu-
tional sway.  If conflicts arise between
the philosophy and needs associated
with professional development offer-
ings and the standard operating proce-
dures of a school (as they will), these
conflicts are likely to be resolved in
favor of maintaining the status quo, if,
indeed, they are noticed at all.  Without
continuous attention from the highest
levels of school organization, profes-
sional development, the only provision
for adult leaning in the educational
system, is bound to be viewed as
tangential by administrators and
experienced as disconnected and
unhelpful by teachers.

A THIRD APPROACH

Although some successes can be
claimed by both the developmental and
the subject matter approaches to middle
school reform, to date, neither has led
to the level and kind of student perfor-
mance that one would like to see.
Although both approaches could argue
that the reason for poor student perfor-
mance has been the lack of widespread
adoption of their recommended prac-
tices, I’d like to argue that the alterna-

tive hypotheses (i.e., failure to reach the
educational core and lack of appropriate
forms of teacher support) also deserve
deep consideration.

In the remainder of this paper, I argue
for a third approach which has two
unique features.  First, it calls for the
joining of subject matter concerns and
developmental concerns into a new
definition of mathematics for the middle
school student. The second feature is the
joining of professional development and
administrative functions into a new
middle school organization that is jointly
informed by mathematical and develop-
mental concerns.

MATHEMATICS FOR THE MIDDLE
SCHOOL STUDENT

Although middle school scholars and
mathematics educators have ap-
proached the topic of adolescent
learning in different ways, there is
considerable overlap in their conclu-
sions regarding the kind of cognitive
activity in which adolescents should be
engaged.  Both agree that young
adolescents need to be challenged
academically in order to make use of
their expanded cognitive capabilities.
Both agree that adolescents benefit
from working on authentic tasks, tasks
which they view as relevant to them-
selves personally and to the world in
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which they live.  And, finally, there is a
great deal of similarity in the kind of
cognitive process advocated by middle
school scholars and mathematics
educators.  Both see the need for
students to actively engage in the
construction of their own knowledge
using processes such as exploring,
debating, and collaborating with peers.
In fact, mathematics educators view
these and other cognitive processes
(e.g., reasoning and justification) as
part and parcel of what it means to “do
mathematics.” Given the extent to
which there seems to be a common
framework on which to begin discus-
sions, it would appear as though consen-
sus could eventually be reached regard-
ing the definition of mathematics for the
middle school student, a consensus that
would take into account the develop-
mental needs of adolescents, as well as
reach the subject matter objectives of
the mathematics community. This new
field could then become a guiding
influence on the organization of the
middle school—an organization that
aims to provide for the learning of
students and adults. As a learning
organization for students, this would
involve the creation of organizational
structures that would provide the best
possible contexts for meaningful,
developmentally appropriate forms of
mathematics learning. In the remainder
of this paper, I focus on what it would

mean for a middle school to be a learn-
ing organization for adults.

PROFESSIONAL DEVELOPMENT
AS PART OF SCHOOL
ORGANIZATION

The urgency of bringing professional
development into the organization of
schools as opposed to treating it as an
afterthought is suggested by the follow-
ing quotation. After noting that universi-
ties exist to nurture the ongoing learn-
ing of their faculties, as well as to
educate students, Sarason (1998) states:

If you ask schoolteachers to justify the
existence of an elementary, middle, or
high school, the answer will be that it is
for students; it is not for the learning and
development of teachers.  Yet if contexts
for productive learning do not exist for
teachers, they cannot create and sustain
that context for students. (p. 10).

Sarason goes on to cite the failure of
schools to provide for the ongoing
learning of adult professionals as one of
the major flaws in our educational
system.

How can the continuous learning of
adults become a more central function
of middle schools rather than something
to be done only if there is extra time and
funds?  Although the commitment to
adult learning must occur at the highest
levels of the educational system (see, for
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example, Elmore & Burney’s discussion
of Community School District 2’s
management and professional develop-
ment system, 1997), the integration of
professional development into the
mainstream of school life has specific
manifestations at the school level as
well.  It is these upon which I will focus.

In order for professional development
to become ingrained in the culture of a
school, the principal must set the tone
as a forceful instructional leader.  Rather
than focusing primarily on administra-
tive work, principals need to communi-
cate, through their talk and actions, that
the continuous improvement of student
learning through an unrelenting focus
on instructional improvement is the
school’s primary mission.  Daily visits to
the school’s classrooms, attendance at
professional development sessions
alongside their teachers, and bringing in
and then working with school-based
professional developers are just a few of
the ways that principals can become
deeply involved in their schools’ instruc-
tional improvement efforts.  Observa-
tions that my colleagues and I  have
conducted in schools that attempt to
follow this approach (Stein, 1998;
Johnston & Levine, 1997) suggest that
these kinds of principal activities and
attitudes go a long way toward ensuring
that teacher support is focused, coher-
ent with school goals, tailored to their
needs, and ongoing in a meaningful way.

A second key element in creating a
culture of continuous adult learning in a
school is the development of a sense of
professional community among teach-
ers.  Professional communities afford
teachers the opportunity to collaborate
on a regular basis, plan together, dis-
cuss each other’s teaching practice,
develop consensus on ways to assess
their students’ thinking, and support
each other through difficult points in
the improvement process. They also
enable teachers to feel a sense of be-
longing as members of a community.
One of the hurdles that must be over-
come in building such a community is
the deprivatization (or opening up) of
instructional practice.

A final (and perhaps controversial)
element of this third approach to middle
school reform is the melding of account-
ability and professional development
functions. In schools in which expecta-
tions for instructional practice and
student learning are high, teachers
begin to develop their own internal
standards for accountability, as well as
holding each other accountable. Never-
theless, principals must accept the
responsibility for hiring and training
new talent, and they also need to en-
courage the exodus of teachers who are
not interested in or capable of meeting
the needs of their students.  After poorly
performing teachers have been given
ample opportunity to take advantage of
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training opportunities and improve their
practice, if change is not forthcoming,
the principal must be willing to consider
options for removing the teachers.

The foundation upon which this third
approach to middle school reform is
built consists of an unrelenting focus on
the educational core. The underlying
principle is that issues of teaching and
learning must drive the organizational
structure, not the other way around.  At
the student level, for example, it may be
decided that the normal 42 minute
period is too short for engaging stu-
dents with complex, authentic prob-
lems.  At the teacher level, it may be
decided that shared planning periods at
a particular grade level are needed in
order to work through a new curricu-
lum.  Impacting the core in a focused
and coherent way means looking at
each organizational decision from the
viewpoint of its influence on the oppor-
tunities for continuous learning of
students and adults.

These suggestions for bringing
professional development into the
mainstream of a school’s organizational
structure bring their own set of chal-
lenges.  Principals will find it easier to
follow such an approach if it is expected
and supported by the district.  Even
then, it requires a tremendous amount
of knowledge and stamina on the part of
principals.  They must understand
instruction in the subject areas well

enough to critique practice fairly.  They
must build relationships with their
teaching staffs that are both fair and
firm.  Another challenge is finding time
and resources.  Both are needed to free
up teachers to observe one anothers’
classes, to attend professional develop-
ment, and to put into place a classroom-
based staff development model.  Some-
times the time demands associated with
students’ vs. teachers’ needs are found
to be in direct conflict. Despite these
challenges, bringing professional
development into the mainstream is a
worthwhile undertaking.

CONCLUSION

In this paper I have made a case for
middle school reform that targets the
educational core and that provides for
the ongoing learning of teachers as well
as students.  I have argued that, in
mathematics, the educational core can
be described as “mathematics for the
middle school student,” a field of study
that takes into account the developmen-
tal needs of adolescents and the math-
ematical processes and content that
students ought to learn.  Furthermore, I
have suggested that improvements in
how the educational core is taught and
learned will be dependent on the prepa-
ration and support of teachers.  By
bringing professional development into
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the day-to-day administrative function-
ing of the school, the learning of adults
will become a critical function of the
school organization, leading to an
overall improvement in the quality of
middle schools and middle school
student performance.
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In recent years much has been
written about the poor performance of
America’s middle grade students on the
International Mathematics and Science
Assessments (TIMSS).  Of particular
concern is that America’s young adoles-
cents perform more poorly relative to
their counterparts in other countries.
Further, they show significantly poorer
performance than would be predicted
based on the scores and relative ranking
of fourth graders in the United States.

This state of affairs has led to a
number of calls to address the “vast
wasteland” that some see as the Ameri-
can middle school.  Key to these recom-
mendations has been the need to have

students take more rigorous, challeng-
ing, and advanced courses in mathemat-
ics and science; one such recommenda-
tion is that all 8th grade students be
required to take algebra.  Proponents of
this position often argue that such a
stance is at odds with current recom-
mendations for middle level education.
They maintain that it is not until those
concerned with the schooling of young
adolescents shift from their “fuzzy”
developmental recommendations to
those emphasizing content and high
standards that the United States will
make gains in these areas.

In this paper we hope to accomplish
three goals.  The first is to briefly
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clarify the degree to which critics of
current recommendations for middle
level education are far afield in their
mischaracterization of current recom-
mendations for middle level education.
Our second goal is to provide evidence
that directly links more adequate levels
of actual implementation of the recom-
mendations for middle level reform to
higher achievement and performance
by young adolescents in mathematics
and related areas.  Our third and final
goal is to provide some recommenda-
tions for more effective ways to ad-
dress the need for continued improve-
ment in this area than are provided by
overly simplistic, blaming, and unidi-
mensional calls to arms.

THE PROJECT ON HIGH
PERFORMANCE LEARNING
COMMUNITIES

Over the past two decades the senior
author of this paper has been engaged
in examining the common elements of
high performing schools: those schools
in which students perform, achieve and
display more positive adjustment in
social, behavioral, and emotional
domains than would be predicted for
students from similar backgrounds and
environments.  These school settings
enhance the resilience and competen-
cies of students and others in them far

beyond that accomplished in the typical
school.  High performance schools are
ones that take the stance that we have
termed  “no acceptable casualties”; that
is, they seek, more successfully than
most, to help all students succeed and
perform at high levels, regardless of
the initial level of a student’s social or
economic disadvantage.  They view no
student as disposable.  They hold the
perspective that if schools raise scores
by enhancing the performance of
some, using tactics that leave out
others, their strategies are not effec-
tive.  And, their practices and outcomes
reflect these views.

A core finding of our work has been
that if educational improvement efforts
do not attend to the full ecology of the
setting they will ultimately fail.  Even if
they “work” by raising scores or the
performance of all students for a brief
time, the changes will not be sustain-
able.  Here, we view sustainability as a
core litmus test for judging recommen-
dations for reform—no matter how
transiently successful.  Strategies
employed must not only provide condi-
tions for all students to succeed and
develop at their highest levels; they
must in addition assure that improve-
ment will continue, so that schools,
students, and teachers do not go
through the continuous cycle of dashed
hopes and effort wasted that ultimately
impedes all future efforts to improve
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and drives wedges between students,
staff, and communities.

An ecological approach is one that is
defined by its comprehensiveness and
coherence.  Separate elements of
change cannot be implemented as if
they will be effective when they are
divorced from other elements in the
building.  For example, when structural
changes such as common planning time
for teams, block scheduling, or flexible
periods are instituted, it is recognized
that they are but parts of a whole whose
intent is to provide the conditions in
which more effective, integrative, deep,
and meaningful long-term instruction
may take place.  Such a recognition
leads to the clear understanding that if
these “parts” are provided apart from
other necessary elements, such as
adequate levels of professional develop-
ment, teacher buy-in and understanding,
and adequate degrees of [instructional]
decision-making authority for teachers,
the potential of structural, motivational,
and resource opportunities for change
will go unrealized.

As part of the Project on High Per-
forming Learning Communities (Project
HiPlaces) we have had the opportunity
to study and conduct evaluations of
several major initiatives that focus on
transforming middle grades education,
as well as reform efforts in a number of
states and communities with similar
goals.  National initiatives we have

studied include the Carnegie
Corporation’s Middle Grades School
State Policy Initiative (MGSSPI), the
Lilly Endowment’s Middle Grades
Improvement Project (MGIP), and the
Kellogg Foundation’s Middle Start
initiative.  In addition, at various times,
schools in the Illinois Middle School
Network, the Texas Mentor Networks,
the state of Missouri “Outstanding
Schools” initiatives, the state of Rhode
Island’s statewide reform, and the
Ewing Marion Kauffman Foundation’s
Successful Schools Project have all con-
tributed to our work and data set.  To
date we have had more than 1,000
schools, approximately one million
students, and more than 60,000 teachers
participate in this work.

At the core of the study process is a
set of assessment instruments com-
pleted by teachers, students, other staff,
and parents.  These assessments,
collectively known as the High Perfor-
mance Learning Community (HiPlaces)
Assessment, were developed and se-
lected to examine the degree to which a
broad range of recommendations for
effective school reform are imple-
mented and manifest in a school as well
as to examine more fully their impact on
students and staff.  Initially, in determin-
ing the elements of schools on which to
focus  we drew from such sources as the
work of Seymour Sarason, the develop-
mental literature on human ecology,
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Turning Points: Preparing American
Youth for the 21st Century, the work of
James Comer, the Coalition of Essential
Schools, the Accelerated Schools
Initiative, other major reform efforts,
the empirical literature and Felner’s
previous work.  From these sources we
identified a first set of constructs and
dimensions of school reform to consider
as they would relate to the outcomes
with which we were concerned.  Over
the last two decades we have continu-
ously revised and refined these instru-
ments, based on both the emergence of
new recommendations and lessons for
reform (e.g., the standards movement,
the work of Lauren Resnick, Fred
Newmann, Michael Fullen, and others)
and on the continuous testing of the
model and the measures against their
ability to predict and account for gains
in student performance, achievement
and adjustment on a broad spectrum of
indices (e.g., everything from “New
Standards” exams to nationally norm
referenced tests to teacher provided
grades, ratings, and reports of student
performance and adjustment).

As a result of this work we have
identified nine major dimensions that
are characteristic of High Performance
schools at the middle level.  (Indeed,
our work has shown that these same
dimensions appear to hold true as
characteristic of High Performance
schools at all grade levels!)

 What should be clear is that each of
these dimensions represents a large
overarching construct that cannot be
directly observed but that is defined by
the presence of a number of more
directly observable conditions.  These
observable conditions or “manifest
variables” can be grouped into five
elements (Table 1), and it is the ways in
which the specific school actually does
or manifests each of these common
elements in a given school that define
the degree to which any of nine
overarching dimensions is implemented
in that school.  In turn, it is the degree
to which each of the nine dimensions is
then implemented across the school
that defines the degree of implementa-
tion of the recommendations in the
model and its potential impact on
students and staff.  This model is
provided in Table 2.  Importantly, in
different schools and at different grade
levels the specific manifestations of a
dimension may vary significantly.  For
example, one school may create a more
personalized middle grade environ-
ments through teaming and others
through self-contained classrooms.

In the remainder of this paper, when
we refer to whole school change and
“levels of implementation” (LOI) of
High Performance middle schools, we
are referring to the practices, processes,
and conditions that are consistent with
comprehensive and integrative gains in
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the dimensions and defining elements
that are reflected in Tables 1 and 2.
There are a number of important
features of this model that respond to
the critics of current middle level
recommendations versus current
middle level practice.  Most critically, at

the heart of all major recommendations
for middle level education, including the
integrative model we present, are calls
for a high quality core curriculum that is
rigorous and embedded in high expecta-
tions for all students.  This stands in
stark contrast to the statements of

Table 1.  Elements that Define Implementation of High Performance Learning Community—
Dimensions in Middle and Secondary Schools and Grades

1. Structural/organizational characteristics and conditions.  These conditions provide the opportunities for
other implementation elements to emerge and change. They are necessary but in and of themselves, as for all of the
other elements, they are typically not sufficient.
Examples include: school/grade enrollment, grade configurations in the building, class size, student-teacher ratios of
teams/grades, number of students a teacher is responsible for in a day, instructional grouping, block scheduling,
common planning time for teachers, strategic planning time for staff, bell schedules, length of the day, span of classes
covered by a team, length of class periods/school day, number of instructional and professional development days.

2. Attitudes, norms, and beliefs of staff.  Staff buy-in, beliefs, and norms define yet another necessary but not
sufficient element of each dimension. For example if staff buy-in to the professional development offered and they have
the other necessary structural/organization opportunities and supportive climate, they may implement the practices that
are addressed in the professional development. But, if they do not, such professional development experiences or content
may do little good.

3. Climate/empowerment/experiential characteristics.  The levels of stress, safety, and support for achieve-
ment, and the degree to which teachers and other staff feel empowered to make necessary decisions for effectively
implementing that element are critical for a high performance school. Illustratively, teachers who are overly stressed and
feel little opportunity for making instructional improvements are less likely to make and sustain changes with any degree
of fidelity.

4. Capacity/skills/professional development. Simply put, staff and other stakeholders who do not know how to
do something will not do it, or at least not do it well. For each of the nine dimensions there is a significant skill and
knowledge component needed that requires adequate professional development. Teachers who are not well prepared to
engage parents, to provide standards-based instruction, or to participate with community agencies, will not be able to do
any of those things well if at all.

5. Practice/procedural variables.  These are the practices, processes and procedures used in the building for
instruction, decision-making leadership, administration, and staff development, parent involvement, and community
involvement, building and conveying high expectations, etc. Surprisingly, this element often receives the least amount of
attention or is attempted without necessary attention to the other elements.  In either case practice and procedures will not
change in the desired directions, and schools will fall short of maximum impact on student achievement and learning.
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critics of middle level education who
argue that such high quality instruction
is not part of the focus of middle level
reform or recommendations.  Given this
understanding why then do middle
grade programs appear to their critics in
the ways that fuel alternative views of
middle grades as low expectation
environments that lack rigor and sound
instruction?  What must be considered
here is the degree to which current
practices in many middle grade pro-
grams, whether in elementary schools,
in middle schools, or in junior high
schools actually reflect what most
middle level educators would consider
to be the recommendations for best
practice at the middle level (i.e., Table

1).  Critics of middle level reform argue
that it is in the recommendations where
the shortcomings exist.  By contrast,
what we have found in our work is that
the deficit is in the implementation, not
in the recommendations.  The unfortu-
nate reality is that most middle level
programs, whatever the grade configu-
ration of the schools they are in, fail to
approximate high levels of implementa-
tion of the current state of recommenda-
tions for best practice by middle level
proponents.

So, if we can now put aside the argu-
ment that the recommendations for
middle level reform are responsible for
the “vast wasteland” in education that
the middle grades appear to be, the next
question is:  What happens when the
recommendations are actually imple-
mented?  If  the recommendations are
not responsible for the problem, could
they be a significant part of the solution?
We have come at this question in several
ways.  We first examined, cross-section-
ally, differences in mathematics, sci-
ence, language arts, and other forms of
achievement (e.g., student grades,
grade-level performance in core sub-
jects, behaviors, and adjustment), as a
function of the degree to which middle
grade schools and programs could be
categorized at various levels of imple-
mentation by the HiPlaces Assessment.
Next, to further explore the actual
association between increasing levels of

Table 2.  Common Dimensions of High Performance
Learning Communities.  (R.D.Felner, 1999)

• Small, personalized learning communities
• Deep, integrated standards based-instruction and curriculum
• A continuing emphasis on literacy and numeracy development at

all grades and for all students
• High expectations and opportunities that promote success for all

students
• Empowered decision-making at each of the appropriate system

levels for each of the key stakeholders at those levels (e.g., the
district, school, the team)

• Professional development that provides for teachers who are well
prepared to teach the subject matter and developmental levels of
students on which they focus

• A focus on fostering and addressing health and safety for all
student and school-community members

• Engage families in the education of their students
• Strong school-community and school-to-work linkages
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implementation and increasing levels of
student achievement we then examined,
longitudinally, with changes within
schools (and sets of schools) that were
consistent with the nine dimensions and
the way that these changes impact
subsequent functioning of the inhabit-
ants of the school community (i.e.,
teachers, students, administrators,
parents of students, and other targeted
subgroups).1  Let us briefly turn to a
representative set of the findings of
these analyses.

In the initial year of the representative
study on which we report here, there
were 11 schools in the sample.  During
the following school year, the number of
schools was increased by 20 to a total of
31 schools, and we obtained second-year
data on the 11 original schools.  While
the number of schools now in this
particular sample has reached more
than 90, the results presented below
pertain to the 31 schools that were a
part of this element of the Project on
High Performance Learning Communi-
ties from that second year through a
fifth year of the Project.  Analyses of the
larger samples are ongoing and prelimi-
nary results are highly consistent with

those reported next.  The subsample on
which we report here was selected for
this paper due to the availability and
consistency of the achievement mea-
sures over time and the degree to which
these measures have been found in our
work to generalize to other widely
employed measures of achievement and
performance.

Employing data we had obtained
about the 31 schools using the HiPlaces
concerning key structures and re-
sources, decision-making patterns,
teacher norms, and instructional pat-
terns, each school was classified into
one of three levels of implementation
(LOI).  Briefly, schools classified as
being in the highest level of implemen-
tation, relative to the other schools in
the sample, were those that had accom-
plished the majority of structural
changes “at high levels,” i.e., in ways
that most reflected the constructs they
were intended to manifest rather than
simply being present in a checklist
sense.  For example, schools in which
teams had four to five common planning
periods per week, relatively small
numbers of students on the team (i.e.,
not more than 120), relatively low

1 Univariate and multivariate correlation analyses, multiple regression procedures, multivariate
analyses of covariance (MANCOVA) (and subsequent univariate analyses [ANCOVA]), and structural
equation modeling are the primary analytic procedures that serve as the bases for the results reported
in the remainder of this paper.  They have been conducted to test for nested settings effects at multiple
levels (e.g., school, grade, team).
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teacher-student ratios (i.e., one teacher
per 20-25 students), advisories occur-
ring with relatively high frequency (e.g.,
four or five times per week), and
teacher-student ratios in advisories of
20-22 or less were weighted as having
more fully implemented the creation of
“small communities for learning.”  Not
surprisingly, these schools also showed
critical changes in the school context
and in the teaching and learning pro-
cess.  Schools that showed patterns of
instruction, decision-making, and
teacher norms consistent with the
educational practices that attended to
the developmental issues of adolescents
also were generally included in the
highest group.

Schools in the initial “partial imple-
mentation” group were those schools
that had implemented at least some of
the key structural changes at high levels
but were not yet showing the levels of
instructional and contextual changes
that were typical of the high group.  The
schools in this group had made the
structural changes either more recently
or at lower levels than those in the most
fully implemented group.  Finally, those
in the “low implementation” group
included those schools that were not yet
making significant progress on imple-
mentation and that looked most like
traditional junior high schools in their
organization and functioning.

In considering the findings that

follow, the reader is again reminded that
the assignment of schools to a LOI
group was done on the basis of their
relative similarity (within groups) and
relative difference (across groups), not
on the basis of some absolute scale.
Moreover, in assigning schools to
groups, and, more specifically, in estab-
lishing “boundaries” between groups,
we also considered sociodemographic
characteristics of the schools to maxi-
mize comparability of the groups.  As a
result, there were three sets of schools
that, although clearly differing in level
of implementation, are demographically
comparable in terms of size, percentage
of free/reduced priced lunch students
served (an indication of family income),
and per pupil expenditures.  It is not the
case, as some might suspect, that the
highly implemented group are all
affluent, suburban schools and the least
implemented are poor, urban schools;
rather, each group contains a represen-
tative mix of schools reflecting the
diversity of schools in the sample.

STUDENT OUTCOMES

Figure 1 shows the average achieve-
ment scores in reading, mathematics,
and language arts that were obtained by
schools in each of these groups.  There
is a total number of more than 15,000
students and nearly 900 teachers in
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these schools.  The average score for all
schools in the State of Illinois on each of
these achievement dimensions is 250
with a standard deviation of 50.  The
data show that across subject areas
adolescents in highly implemented
schools achieved at much higher levels
than those in non-implemented schools
and substantially better than those in
partially implemented schools.  Average
achievement scores shown in this and
later charts are a composite of sixth and
eighth grade scores.  The states’
achievement tests are constructed so
that scores across grade levels are
comparable, and can therefore be
averaged to create a single school-wide
composite, as we have done here.  It is
important to note, however, that com-
bining sixth and eighth grade scores
into a single index is a more conserva-
tive test than if only eighth grade scores
were used, which some would argue
represents a truer assessment of the
power of the conditions that appear to
influence achievement.  Reflecting
longer exposure to these conditions,
differences between groups when only
eighth grade scores are used are sub-
stantially larger than with the combined
sixth/eighth grade index.

A critical feature of our design is that
we have attempted to obtain multiple
convergent measures on aspects of both
the implementation of reforms and
outcomes across related dimensions.

Figure 1.  Student Achievement Test Scores by Schools’
Level of Implementation of High Performance Learning
Communities Dimensions
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Hence, for these initial LOI analyses
there were a number of other student
outcomes that were considered includ-
ing additional indicators of achievement.
These indicators included the percent-
age of students who are performing at
grade level and scores in subsets of

Note:  State mean = 250, Standard deviation = 50
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schools that administer the Iowa Test of
Basic Skills, the California Test of Basic
Skills and similar nationally norm
referenced assessments.  Generally,
these additional indicators show strong
association with the state-level scores.

We also examined different domains
of student outcomes as they related to
the level of implementation that schools
had obtained.  These include teacher
ratings of student behaviors as well as
student self-reports of behavior, depres-
sion (fear, worry), anxiety, and self-
esteem.  Here the patterns of teacher
reports of student behavioral problems,
including aggressive, moody/anxious,
and learning-related behavior problems,
are highly correlated with the patterns
noted earlier within achievement data,
but in the desired opposite direction.  In
the most fully implemented schools,
teachers report far lower levels of
student behavior problems than do
teachers in less implemented and non-
implemented schools.  Similarly, teach-
ers in the partially implemented schools
still perceive students as showing fewer
behavioral problems than those in the
least implemented schools.  Similar
patterns were found for student self-
reports of a representative set of the
domains of socioemotional function that
were measured.

Clearly, across quite different types
and sources of data (e.g., achievement
tests, teacher reports, student self-

reports) there are distinct differences
between schools that have attained
differing levels of implementation of
the recommendations for High Perfor-
mance middle and other schools.  Such
patterns are important indicators of the
reliability and validity of the joint
outcomes.

The above findings notwithstanding,
the data reported above are limited by
their cross-sectional nature.  The focus
of the current evaluation is a long-term
longitudinal study in which we are
following schools as they move through
different levels of implementation.  We
will then consider the association of
such changes in implementation within
schools as they relate to shifts in contex-
tual conditions and, ultimately, student
achievement and related outcomes.  The
focal question here is, does student
performance and adjustment improve as
the level and quality of implementation
increases over time?

As in the cross-sectional analyses,
schools in the longitudinal analyses are
categorized according to level of imple-
mentation.  These categorizations,
however, have been expanded to con-
sider both the level of implementation
obtained, as in the cross-sectional
analyses, and the degree of change over
the past year.  Consequently, a Level 5
school is one that is non-implemented or
only marginally so in the previous year
and has made no changes during the
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current one.  Level 4 would include
those schools that were not or only
marginally implemented in the previous
year but over the intervening year had
initiated planning processes and begun
to make some structural changes that,
while important, will in the future
require further refining to be truly
effective.  Level 4 schools would also
include those that had moved to teams
of 130-150 or more students, with
teachers having perhaps one to two
planning periods, and where the plan-
ning did not yet reflect any instructional
changes.  By contrast, Level 1 schools
include those that had attained the
highest levels of structural changes, had
implemented key changes in instruction
and decision-making, and, importantly,
were showing continuing refinements in
these latter critical areas of teaching and
learning processes and practices.
These continuing refinements show that
even our most fully implemented
schools had, and continue to have
considerable room to improve, particu-
larly in areas of instructional change
and in the extent to which HiPlaces
recommendations are embraced by all
teachers within the school.

A first set of analyses considered the
simple correlations between changes in
level of implementation across one and
two year periods along with changes in
reading and mathematics scores.  As
schools move up in their level of imple-

mentation of the recommendations of
concern from 1991-92 to 1992-93, the
one-year correlation of such changes
with increases in eighth grade reading
scores was .51 (p < .001) and with
increases in eighth grade mathematics
scores was .30 (p < .001).  Similar
patterns were found for two-year
changes in implementation level and
achievement scores (from 1991-1992 to
1992-1993), with correlations of .53 and
.35, respectively (both p < .001).  It is
encouraging to note that longer-term
analyses, if anything, tended to yield
findings that were as strong and stable
or stronger than did shorter-term
change analyses.

Patterns similar to those found
regarding achievement score gains
were also found when we examined
indicators of students’ experiences of
school climate, student adjustment, and
health indices.  These data complement
the cross-sectional data described
earlier, showing that whatever the pre-
existing levels of student outcomes in
these areas, as schools move through
levels of implementation of the elements
of middle grade reform, there appear to
be associated gains in key areas of
student behavior and socioemotional
adjustment.

We also examined, in a comparison
group fashion, the relative magnitude of
the gains that were associated with
differences in levels of implementation.
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For these data we have four years of
observations of changes in achievement
scores (i.e., from the school year 1990-91
through 1993-1994.  These data are
available even for schools that joined after
1990-91) and attained changes in LOI
from 1991-92 forward.  We considered
both one and two year changes in achieve-
ment scores in mathematics and reading
(the most consistently available data for all
schools) across LOI change and attain-
ment categories.  In all analyses of both
one and two year data there were large
and meaningful differences between

schools that had reached the highest
levels of implementation, or those that
had made the most progress toward high
levels of implementation, and those
schools in which little implementation had
occurred and where relatively smaller
LOI changes had occurred.

To illustrate the general pattern of
these findings, Figure 2 shows the
combined average gain in reading and
mathematics scores across two sets of
changes obtained by schools in each
category across two years (i.e., 1990-
91 to 1992-93 and 1991-92 to 1993-94).

Figure 2.  Average Changes in 6th and 8th Grade Reading/Math Achievement Across Two Years

Amount of Change in Achievement Scores
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Little Refinement
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Partial
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Ongoing Refinement
(Category 1)

–0.98
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20.91/2
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Deviation

0

Note:  All scores are the combination of the average gains in 6th and 8th grade Math and Reading
achievement scores in participating schools across two, 2-year periods.
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LOI attainment and change scores are
based on 1994 and prior data, as 1994-
95 implementation data was not yet
fully available for these analyses.  As
can be seen in Figure 2, the average
gain in mathematics/reading achieve-
ment scores across two 2-year periods
in the most fully implemented schools
(Category 1 described above) was
nearly 21 points (recall that 25 points
is a full half standard deviation on
these scales).  Schools that had at-
tained high levels of implementation
structurally, but had done so most
recently and thus had rather moderate
levels of change in the core teaching
and learning processes (labeled
Category 2: “highly implemented,
more recent”) showed average
achievement gains of more than 15
points.  Those schools that were not
yet highly implemented, but that had
shown several categories of LOI gain
(labeled “Category 3 - Partial imple-
mentation, greater improvement”),
had average gain scores of nearly 12
points.  By contrast, schools in Cat-
egory 4:  “partial implementation, little
refinement” (i.e., where little improve-
ment had recently occurred) showed
average gains of less than 3 points,
and those schools that had made little
or no movement toward implementa-
tion showed “negative” average gains
scores.  In other words, achievement
in these schools actually declined.

Taken together, the above findings are
extremely encouraging and show the
potential impact on the achievement and
adjustment of adolescents of the implemen-
tation of the elements of high performance
middle schools that are consistent with
most current recommendations for middle
level practice.  Yet as teachers and adminis-
trators in our Category 1 schools would
quickly point out, these highly imple-
mented schools are far from fully trans-
formed, particularly in terms of actual
changes in instruction at the classroom
level.  Hence, if we consider that our most
fully implemented schools are only part
way there, then the potential positive
impact of the comprehensive transforma-
tion of a school to reflect the recommenda-
tions appears to be well beyond what we
have already obtained.  This is an issue we
will explore further in our ongoing efforts.
What will happen if schools fully imple-
ment the recommendations?  How do we
get there and what have we learned about
the current process that can help?  These
are the focus of our ongoing work.

SUMMARY AND CONCLUDING
COMMENTS

For the current paper and this Convo-
cation, the results of the above analyses
and our continuing work indicate
clearly that it is not the recommenda-
tions for middle level best practice that
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have turned the middle grades into a
“vast wasteland” in which our young
adolescents are underachieving and
failing to learn.  Instead, it is the failure
of schools to actually implement those
recommendations and their clinging to
practices that do appear to be far less
effective (i.e., instruction and structural-
procedural conditions that have long
been characteristic of the American
high school and the junior high school

that seeks to emulate it) that appear to
constitute the problem.  It is important
to note that these failed models (i.e.,
increased emphasis on specific, isolated
course work) are in keeping with much
of what is now seen as the solution to
the problems of middle level achieve-
ment.  Our results clearly indicate this
is the wrong conclusion resulting from a
poorly framed understanding of what is
actually happening at the middle level.
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The panel, consisting of Stephen
Gibson, principal from Patapsco Middle
School, Ellicott City, MD; Mary Kay
Stein, mathematics education re-
searcher from Learning Research and
Development Center,  University of
Pittsburgh, and Robert Felner, Director,
National Center on Public Education,
University of Rhode Island, responded
to a set of questions prepared in light of
the previous day’s discussions as well as
questions from the floor.

“How do you organizationally foster
attention to students and, at the same
time, to content, thinking of departmen-
tal structure in terms of content and a
team structure in terms of students?”

Ms. Stein responded that the heavy
demands of content knowledge on the
part of teachers make it unreasonable to
ask them to teach across all content
areas.  Consequently, we have to pay
attention to the development needs of
children within a department  structure
of learning mathematics.  Mr. Gibson
agreed and added that compartmentaliz-
ing students in a given program does

not always meet the diverse needs of a
student.  Mr. Felner identified the issue
as one of trying to serve student needs
through special programs instead of
understanding that the way instruction
is carried out can meet students’ needs.
He added that the instruction for all
students discussed at the Convocation is
the same kind of instruction often
prescribed for those identified as
“gifted.”

“How can we ensure that inner city
and poor community middle grades
children have the same opportunities as
suburban and affluent to take challeng-
ing mathematics?  What structure or
system will support this?”

Mr. Felner indicated that there are
contexts that can allow all students to do
well, but we need to help teachers
understand that lowering expectations
as an act of kindness is not a good thing.
To alibi that “it’s not fair to expect this
from students” aggravates the prob-
lems.  Mr. Gibson reinforced the notion
of raising expectations and of looking
beyond where students come from to

Panel Discussion on the
Organization of Schools

at the Middle Grades
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increase both teachers’ and students’
belief in what the students can do.  He
cited an example of a Saturday school
program for inner city students where,
when given relevant challenging tasks,
the students did the work because they
wanted to prove they were smart.  He
went on to say that we should commend
those students for getting where they
are without any resources; think of what
they can do if they are given resources
and support in using them.  Ms. Stein
agreed but indicated we need to under-
stand what it means to educate children
that bring varying kinds of both exper-
tise and problems to the learning
situation.  She believes that we need to
understand how to use assessment to
inform teachers about instructional
strategies with movable and flexible
groups to make up for past deficiencies.
We must move away from “pockets of
excellence,” but to do so we have to
level the playing field by ensuring there
are teachers of comparable quality in
suburban and inner city urban schools.

“How can we structure schools that
are attentive to students’ differences
without short changing their future
opportunities?”

Mr. Gibson replied that as middle
schools were developed, the initial
premise did not include ensuring aca-
demic excellence;  there was no attempt
to make sure that middle schools were
content driven.  He called for research

into what we know works and to avoid
changing structures at will (e.g., 42
minute periods, block scheduling)
without helping teachers understand
how to use the structure to maximize
achievement.  Ms. Stein responded that
the best gift possible for middle grades
students is to educate them well in
critical areas such as algebra so they can
build confidence and move forward
whatever their aspirations.  Mr. Felner
indicated that we have to shift to a mode
where there are no acceptable casualties,
something that has not ever been the
presumption of American education.  He
used the metaphor of building cars,
where in today’s world we have special
needs kids (Ferraris) that need to be
hand built. There is a factor of ten to
twelve times more to know today than
yesterday.  Detroit does not even try to
build twice as many cars, half of which
are more complex and need to be hand
built, in the same number of hours and
same ways with the same norms for
building.  While there is a public sense
that schools are not doing well, he feels
the contrary is true. We are doing better
than ever—the level of the task keeps
rising.  All students need algebra today
whereas in earlier years, it did not matter
if some did not have it.  We have to re-
engineer a system in which the task is
different.

The audience raised the issue of
teacher turn-over within schools and
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within grades.  Officials in North Caro-
lina project they will need to hire 72,000
new K-12 teachers over the next eight
years.  How can we set up a reform
environment when you do not have a
stable staff to create that environment?
Ms. Stein’s response indicated that
involving the classroom level in the
organizational structure may increase
the chance of keeping some teachers in
the same positions.  She also mentioned
the need for local training institutions
for new teachers so that staff develop-
ment does not have to start at ground
zero for every new teacher that is hired.
Mr. Gibson received applause when he
described his school’s staff retention
rate of 98% during his nine years as
principal.  He spoke for instructional
leadership and the need to include
principals as well as teachers in the
conversation, matching principals to
teams of teachers, and working with
principals to ensure they bring growth
to their staff and students.

When pushed by the audience to
describe the blend of content area
specialists and attention to children, Ms.
Stein described the need for a teacher to
understand the mathematics she

teaches in a profoundly deep way and
how this should be put into the fore-
ground in teaching mathematics and in
thinking about how mathematics relates
to other content areas.  Mr. Felner
responded that a careful analysis of the
NCTM standards reveals that most of
the teaching processes and ways to
teach students to think about mathemat-
ics are taught in all the core subjects.
While it is important to have teachers
proficient in mathematics on the team,
teaching in an integrated unit takes
people who know what they are doing
and how to work together to make the
integration happen.  Problem situations
such as Marcy’s Dots should be seen by
all teachers as an expansion problem,
not just searching for patterns.  Teach-
ing students how to think in terms of a
super structure will give them con-
structs around similarities and issues
that can be used in any subject.  Mr.
Gibson believes that teachers should
not look at themselves as a single entity
in terms of teaching one subject but
must integrate that with recognizing
they are teachers in general with a
vision that goes beyond their own
particular subject.
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Closing Remarks

REFLECTIONS ON THE CONVOCATION

Edward Silver, Chair, Program Steering Committee for the Convocation,
Learning Research and Development Center, University of Pittsburgh
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Most of us came to this Convocation
because we have a serious commitment
to enhancing the quality and quantity of
mathematics learning in the middle
grades, such as the development of
important algebra and geometry con-
cepts. Most of us also came here because
we have a serious commitment to ad-
dressing other needs of young adoles-
cents such as their healthy social and
emotional development.  The Convoca-
tion took as a premise that this dual
commitment to both the development of
mathematical ideas and the development
of children actually could, in many ways,
mask differences in perspective regard-
ing these two emphases; that is, individu-
als and groups might differ with respect
to the relative emphasis of these two
commitments in their work. For most of
us, although both are important, one
looms larger in our thinking than the
other.  This difference in relative empha-
sis has been evident in the discussions.

A second premise was that the educa-

Reflections on the
Convocation

Adapted from the transcript of remarks by Edward Silver
Chair, Program Steering Committee for the Convocation

Learning Research and Development Center, University of Pittsburgh

tion of young adolescents would be
enhanced if we took off the mask,
exposed these differences in perspec-
tive, seriously examined them in order
to identify the convergences and diver-
gences, then tried to crystallize some
issues, concerns, and questions that
would benefit either from some kind of
concerted action or from further serious
deliberation.  A third premise was that it
would be productive in the search for
these issues, concerns, and questions,
to look for them along three different
dimensions—curricular, pedagogical,
and contextual—and we organized this
conference along these dimensions.

So now the question is: What have
we learned?  Several different kinds of
learning might have occurred.  We’ve
identified some things we do agree on
and some things we don’t agree on.
We have gained an enriched under-
standing of the issues and deeper
insights into questions.  We now
understand some things a little deeper,
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a little differently than when we walked
in. And we have identified some poten-
tial areas for concerted action.  Finally,
we have also identified a set of issues
about which we need to think much
harder and much longer.

In the remainder of my remarks, I’m
going to give you examples of a few
areas in which I think we made some
progress during the meeting.  Let me
turn to the first one.

INTEREST AND RELEVANCE

We have broad agreement that the
study of mathematics is important for
young adolescents.  There is also broad
agreement that we want mathematics to
be interesting to students.  The question
is, then, how do we make it interesting.
We have had a set of examples pre-
sented to us that I think challenge a
view (which is very prevalent these
days) some of us might have held
walking into this Convocation—that in
order for students to be interested in
mathematics, the mathematics has to be
relevant.  That is, good mathematics for
middle grades students has to be tied to
some important application or some-
thing related in some important way to
students’ lives.

Glenda Lappan told us on the first
night that we need to connect students
to things that are generally interesting

to them, and Tom Dickinson described
students who were gathering data in
experiments about questions that were
genuinely of interest to them and then
displaying the data.  Students were
driving the investigations and making
decisions about how to display the data
in the best way to answer their ques-
tions.  This is a good example of what it
might mean to have interesting math-
ematics for students.

But then, on the other hand, we saw
different examples in the videos.  One
almost by inference in Linda Foreman’s
case and the other more directly in the
video that Nannette Seago showed of
Cindy’s teaching, in which students
were engaged in the investigation of
mathematical ideas in problems that
you could hardly call applied.  They
were problems that didn’t come from a
meaningful context.  They lacked the
connection to thematic or application
oriented settings that many of us might
take to be bound up inextricably with
this notion of what’s interesting to kids.
There is no question that in order for
young adolescents to learn mathemat-
ics, they’re going to have to find it
interesting.  The question is what is it
that makes the mathematics interest-
ing.  The videos and the discussion
about the videos help to remind us that
students can find mathematics inher-
ently interesting.  They can find “ap-
plied, real-world” tasks interesting, but

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


C L O S I N G  R E M A R K S 133

they can also find tasks that aren’t
applied in the real world interesting—
because these are tasks that arise
within a classroom community of
students who are investigating math-
ematical ideas about something that
they value.

Yesterday, Deborah Ball talked about
the notion that students’ interest can be
cultivated.  That is, students bring their
interests to the classroom, but teachers
have the capacity to cultivate new areas
of interest, as well.  In many of the
things that I’ve been involved with in the
Quasar Project, and in the work that
we’re doing related to the new NCTM
standards, we’ve been trying to grapple
with this idea of how you cultivate
students’ interest and thoughtful en-
gagement in classrooms.  It is very clear
that we have examples, some of which
you saw yesterday and many of which
you can see in other locations, demon-
strating that students can be challenged
and supported in engaging with math-
ematical ideas and find them quite
interesting in a variety of ways.

What we should take from this is not
that students should never see context
nor that everything has to be embedded
in context.  Rather, our thinking about
this issue is enriched when we reflect
back on the set of examples that we saw
and the way in which they represent
mathematical possibilities.  They show
us that students are engaged when they

have interesting things to think about,
and mathematics is filled with interest-
ing things to think about.  We need to
give students the chance to see math-
ematics as being interesting and some-
thing to think about.

As I reflected on this matter of rel-
evance and engagement, I recalled
something from my first year of teach-
ing.  I taught seventh grade in the South
Bronx in New York City.  One of the
students in my class was named Jeffrey.
I want to tell you about Jeffrey.  He was
very pleasant, and he had learned that
the way you get through school is to
smile at the teacher and be polite.
Jeffrey was a wonderful little boy, but
academic school was not a priority for
him.  Nevertheless, during the year,
Jeffrey, for some reason, became very,
very interested in palindromes.  For
those of you who don’t know about
palindromes, a number like 1,331 is a
palindrome because if you write the
number forward or backwards, it’s the
same number.  Jeffrey got very inter-
ested in palindromes not because he
could apply them to his every day life,
but because they struck his curiosity.
Jeffrey spent most of the seventh grade
in an independent exploration of palin-
dromes.  And it turns out that you can
learn a lot of algebra by exploring
palindromes and looking at the struc-
tures of these numbers and what hap-
pens if you multiply them by certain
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numbers, what happens if you combine
them in certain ways, how many possi-
bilities there are for certain forms, and
so on.  Jeffrey had his own independent
study course going on because that’s
really what engaged his interest.

To bring closure about what makes it
interesting for kids to grapple with
mathematics, the examples we’ve seen
at this Convocation suggest that the
“interest” can be in the tasks themselves
that we give students, or it can be in
challenges raised by the tasks and in the
process of grappling. Students can find
it very interesting and can learn a lot
from struggling with challenging tasks.
They can derive a tremendous amount
of well-deserved self-esteem from this.
Mathematics is not easy.  It is not always
fun.  It is something that’s worth strug-
gling with and worth doing well.  This
struggle can be a very rewarding
experience, and it can be meaningful.

Now I want to draw attention to a
second area that I heard as a popular
topic at this Convocation—algebra.

ALGEBRA

There were many mentions of algebra
in the plenary sessions, and from
looking at the records from the discus-
sion groups, it is clear that algebra came
up quite frequently there.  It is quite
possible that some of us came to this

meeting with a view of algebra in the
middle grades as a course very much
like the first year course in high school.
That is, algebra for middle school
students would mean that students in
some grade before high school would
take this course, whether it’s eighth
grade or seventh grade or sixth grade.
This conception of algebra as the only
notion of algebra in the middle grades
was called into question by much of the
discussion and many of the examples
that we saw.  That is not to say that one
cannot have a one-year course in alge-
bra.  But even a one-year course that
focuses on algebra can be different than
what we might expect. If you think
about the video involving Cindy, she was
teaching an algebra course, but the way
she was teaching that algebra course
strikes me as somewhat different than
our caricature of the way in which the
first year of high school algebra is
typically taught.

If we think about the set of ideas that
Glenda talked about on the first night,
the set of ideas that you might have read
about in the first discussion session on
algebra in the middle grades section
drawn from the Principles and Standards
for School Mathematics: Discussion
Draft, or in other materials for this
Convocation, you get a different view.
This view suggests it might be possible
to think about algebra and the develop-
ment of algebraic ideas over grades six
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through eight in some way that doesn’t
require a separate course for the year
we decide to teach algebra.  This kind of
algebra instruction would be integrated
algebra, integrated with the study of
numbers, with the study of geometry,
and so on.  This is, in fact, the approach
that is represented in most of the
curriculum materials that have been
produced and released in recent years.
Many of those materials differ in the
way that they go about doing this, but
they all share a commitment to trying to
develop algebraic knowledge or fluency
in a more integrated way throughout the
middle grades rather than concentrated
in a single year. This view of algebra is
really quite different than the view that
some of us might have had coming into
this Convocation.  And it is a view that
challenges us to think harder about
what it would mean to learn algebra in
the middle grades.

Now I want to connect that to a last
point which I think came through very
clearly in the panel session, much more
strongly than it had in earlier sessions.
Good curriculum and good intentions and
good practices and pedagogy may not be
enough.  There is a range of policy and
political matters that need to be consid-
ered.  As we heard this morning, other
kinds of support from parents, administra-
tors, and organizational context matter,
and they matter a great deal.

There were a number of people who

talked about the politics that surround
reform ideas, whether they were middle
school reform ideas or mathematics
reform ideas.  And many kinds of
politics have been mentioned in this
Convocation—community politics,
district politics, school politics, personal
politics, professional politics, and so on.

I remember from my first year of
teaching when we were trying to create
“open classrooms,” which was then the
avant-garde reform idea. But we didn’t
have the kind of physical space needed
for open classrooms.  We had a very old
building with lots of walls.  In response,
we rearranged space and used the
hallways. We arranged students in
groups rather than having them sitting
in straight rows of desks.  But we didn’t
have tables—in fact, we didn’t have any
of the things that now are standard
practice.  Instead, we had individual
student desks, and so the desks were
organized into small groups to allow
students to work together.  Some
students would work in different loca-
tions in the room, some out in the
hallway, and so on.  Every night Tom,
the janitor, would come to my room,
take all of the desks, whether they were
in the hallway or in different corners of
the room, wherever they were and
arrange them into straight rows.  Tom
had done this for 22 years in this school.
And the fact that a new teacher thought
that the furniture was going to be
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arranged in some other way had no
impact whatsoever on Tom.

Every night Tom would come and
move the desks.  And it quickly became
a joke.  The first thing the students
would do in the morning was rearrange
the furniture.  No intervention by the
principal, no discussion with Tom,
nothing would have an impact on this.
We did this all year long, and mine
wasn’t a unique case in the building.
There were other teachers doing the
same thing.  So there is politics even at
that level, let alone dealing with commu-
nities and parents and so on.

How does this relate to algebra in the
middle grades?  At this Convocation,
we’ve heard that there is a pretty wide-
spread view of algebra, what it means
and how it looks.  Essentially, this is the
view I described as the one that many of
us might have had walking into this
Convocation—algebra that looks just
like the first year of a high school
course, all happening in one year.  And if
that is, in fact, the common perception
of what algebra is, and if you’re trying to
implement some other way of teaching
algebra, there’s likely to be a problem
because people won’t understand it,
whether it’s Tom the janitor or whether
it’s Tom’s great grandson who is now in
your class or his grandson who’s a
parent in the community.  There is a
serious set of issues that have to be
addressed in terms of unpacking for

ourselves and for the whole community
what it means to say that students are
learning algebra, and what it would
mean for all students to learn algebra.

Can we design programs so that
students succeed in learning algebra in
the middle grades?  Bob Felner’s com-
ment about “no acceptable casualties” is
a very important one.  We don’t have a
very good conception of what this
means.  Our programs in mathematics
have not always been designed so that
everybody could be successful with
them.  Mathematics education has
generally been organized to find the few
students who could be successful, so
they could get on to the next course.
Some folks are working hard to change
this way of thinking, and it is now a goal
for many that all students should be
more successful in mathematics.  But
we need to recognize that there is a
huge education and political job to be
done in “unpacking” what it means for
“all students” to learn algebra, if we
want something that’s different from
just taking that high school course one
or two or three years early. We need to
develop a broad understanding of this
notion of algebra with others, including
administrators and parents and other
members of the public.  We need to
systematically examine different in-
structional and curricular arrangements
that are designed to have all students
learn algebra.  We have a lot of hunches
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and a lot of opinions about which way is
best or which way will work.  Many
people believe that if we just did it the
old way, it would be fine.  But, if we
could be more precise about what it is
that we’re trying to get students to be
able to do, what it is that we want them
to know, and how it is that we would like
them to be able to perform, we could
then ask whether or not taking that high
school course one or two or three years
early really meets these goals.  We
would also have to ask ourselves
whether putting students through a
well-taught version of an innovative
middle school mathematics program
does this.  We have to push ourselves to
ask this evidence question.  What is the
evidence that we can, in fact, produce
the kinds of competence we want in our
students through these different in-
structional approaches?

So for me, this issue has gotten no
less complex.  But it strikes me that this
is a place where we have an opportunity
to begin to work together, because I
think the middle school community and
the mathematics education community
are both very interested in finding ways
to increase the competence and confi-
dence of students with respect to
mathematics.  We want all students to
have the opportunities that mathemati-
cal competency and mathematical
proficiency affords them.  Some people
call it “mathematical power.”  Some

people don’t like that term, but that’s
what it’s about.  It’s about having math-
ematics, owning it, having it be your
own and being able to open the doors
that mathematics can open.  We want
this to happen for students, and we want
this to happen in ways that are sensitive
to their needs.  This Convocation has
crystallized some of this for us, sharp-
ened some of the issues, and left us with
a number of other issues about which
we have to continue the conversation.
The issue of “mathematics for all stu-
dents” is one in which we might be
ready to begin to act on.

OTHER ISSUES

There are also a few other issues of
note that were raised in this morning’s
conversation and in the discussion
groups.  The issue of teacher preparation
was not discussed explicitly in any of the
sessions but was certainly a running
theme along with teacher professional
development.  And those two coalesce
around questions about teacher short-
ages and turnover.  Occasionally, there
was mention of the special needs of
students and teachers in high poverty
communities.  This is a very important
issue that is different in rural communi-
ties and in urban communities.  This
plays out in the middle grades in quite
different ways.  The organization of
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schools is often different in those com-
munities, and the ways of thinking about
specialist teachers and generalists is
quite different also.  More conversation
is needed about these issues of diversity.
Racial and ethnic diversity, linguistic
diversity, special needs students, and
mainstreaming all need to be considered
as we move forward.

Technology was strangely absent in
most of the conversations, although it
came up in this morning’s discussions
about the home-school interface in
reference to students who have access
to technology of a certain kind in the
home, but not in school.  Technology is
very important for students of this age,
but technology also has an impact on
what’s taught, how it’s taught, and what
the possibilities are for teacher profes-
sional development and teacher assis-
tance.  Consider, for example, the
amount of help that could be provided to
teachers to do a better job through the
uses of technology. Some people I know
in this audience are thinking very hard
about that.  And we need to be looking
at that.

And then lastly, I want to mention the
notion of identity because Mary Kay
Stein talked a little bit about it this
morning, and it came up very strongly
in the discussion group sessions.
Maybe not everybody would attach the
word identity to this notion, but some
participants are asking questions about
how a teacher should balance attention

to competing demands for a group of
students. How do you balance your
attention to the student with your
attention to the discipline or the subject
matter?  How do we deal with the
generalist/specialist notion?  How do
you balance affiliation with fellow
teachers of mathematics versus mem-
bership on a cross-disciplinary team of
teachers for a group of students?  There
are ways to frame the question that set
up false dichotomies as if it has to be
one or the other.  Those of you who live
in classrooms every day know it isn’t
that simple.  But it is clear that how you
think of yourself has an influence on
what happens in classrooms. When you
think of yourself as a mathematics
teacher, you have a particular set of
resources and colleagues as well as a
set of constraints on what you do.
When you think of yourself primarily as
a middle school teacher, then you have a
different set of resources and colleagues
and so on.  We have to think about ways
of forming a community that has a joint
identity and that helps to move the
agenda of this Convocation forward.

And I just want to close by reiterating
something that Steve Gibson made a
point of saying this morning that we
need to keep in mind.  Engaging in
discussions and dialogues such as we
have experienced at this Convocation is
the way in which we’re likely to make
progress.  Thank you for being part of
this very productive first step.
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Proceedings of the
Action Conferences
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The National Convocation on Middle Grades Mathematics was followed by three
separate Action Conferences, funded by support from the Department of Education
and additional support from the American Educational Research Association.  The
following three papers synthesize the activities and discussion that occurred during
the three conferences.

ACTION CONFERENCE ON THE NATURE AND IMPACT OF ALGEBRA AT
THE MIDDLE GRADES

Organized by Hyman Bass, Columbia University

This action conference focused on providing school based decision makers with an
understanding of the importance of bringing algebra into the middle grades and the
issues involved in making this happen.

ACTION CONFERENCE ON RESEARCH IN THE TEACHING AND
LEARNING OF MATHEMATICS IN THE MIDDLE GRADES

Organized by Sandra Wilcox, Department of Teacher Education, Michigan
State University

The conference was designed around the question: What are the characteristics of
research that would be helpful and informative for teaching mathematics in the
middle grades?

ACTION CONFERENCE ON THE PROFESSIONAL DEVELOPMENT OF
TEACHERS OF MATHEMATICS IN THE MIDDLE GRADES

Organized by Deborah Ball, University of Michigan.

The participants worked through a frame for considering the design and practice
of teacher development at the middle grades, examining the ideas that drive
professional development in the light of what is known and unknown about teacher
learning.

Action Conferences
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The Action Conference on the
Nature and Teaching of Algebra in the
Middle Grades brought together
mathematicians, mathematics educa-
tors, middle school teachers, math-
ematics supervisors, curriculum
developers, and others to discuss the
role of algebra in the middle grades.
The conference was provoked in part
by recent events and policy decisions
that have focused attention on algebra
in the middle grades.

Perhaps most prominent among these
events was the release in 1997 of results
in the Third International Mathematics
and Science Study (TIMSS), which
indicated, among other things, that the
U.S. curriculum at eighth grade is about
one year behind many other countries,
and that U.S. eighth graders perform, as
a group, below the international average
in mathematics achievement.

In the policy arena, several states
recently mandated that algebra be a
required course for high school gradua-

tion, and the pressure has expanded
into the middle grades as well.  In the
U.S. Department of Education’s White
Paper, Mathematics Equals Opportunity,
Secretary Riley recommends, on the
basis of a strong correlation with college
attendance, that students take algebra
or courses covering algebraic concepts
by the end of eighth grade.

Despite the growing public attention
to algebra in the middle grades, there
has been little discussion (and perhaps
little public acknowledgment) of the fact
that there are more than a few possibili-
ties for what algebra in the middle
grades might look like.  Thus, the
agenda for the Action Conference was
designed to bring some of these possi-
bilities to light through presentations on
various views of algebra and on re-
search in the teaching and learning of
algebra, together with practical experi-
ences of teachers and districts who have
been implementing some version of
algebra in the middle grades.  Discus-

Action Conference on the
Nature and Teaching of Algebra

in the Middle Grades

Synthesis by Bradford Findell
Program Officer, National Research Council
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sion was framed by six questions (See
Figure 1) that were presented by the
Action Conference Organizer, Hyman
Bass, a mathematician from Columbia
University and Chair of the National
Research Council’s Mathematical
Sciences Education Board.

VIEWS OF ALGEBRA

The first presenter was Jim Fey, a
curriculum developer and mathematics
education researcher from the Univer-
sity of Maryland.  He began the after-
noon by reminding the participants that
a big factor in the debate about the role
of algebra is the social and political
context.  Algebra serves as a gateway to
post-secondary study and to scientific
and technical careers.  And if algebra is
good in ninth grade, then it is better in
eighth grade, and some think even
better in seventh.  But there has been
little attention to what the content of
algebra is or may be.

In the conventional view, algebra is
primarily about calculation with sym-
bols—Bob Davis called it a dance of
symbols.  And algebra is used to solve
word problems.  But students are not
very good at the word problems that we
teach them, never mind problems that
they haven’t seen before.

The increased availability of calcula-
tors and computers provides new

demands and opportunities for the
teaching and learning of algebra.  We
may concentrate on the design and use
of algorithms, on data modeling and
predictions, or on analyzing and project-
ing trends.  Spreadsheets and other
computing tools allow us to approach
such ideas graphically, numerically, and
symbolically.

Fey acknowledged that there is a fair
amount of debate about what algebra is,
but suggested the question might not be
productive.  Instead, he suggested that
what we want from algebra are some
concepts and techniques for reasoning
about quantitative conditions and rela-
tionships.  There are four major aspects
of such reasoning: representation,
calculation, justification, and application.
Development of student understanding
and skill in these areas can begin in the
middle grades.  With such an approach,
he notes, it will not be sufficient to take
high school algebra and move it into the
middle grades.

Representation is about expressing
complex relationships in efficient,
condensed, symbolic form.  Tradition-
ally, the typical algebra question has
been “What is x?”  But representations
such as data tables, graphs, symbolic
rules, and written expressions may be
used to record and describe numerical
patterns, formulas, patterns that change
over time, and cause and effect relation-
ships.
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Figure 1.  Framing Questions

SOME IMPORTANT QUESTIONS

Attention to subject matter    attention to students
1. In teaching algebra in the middle grades, what are the tensions between attention to serious and

challenging mathematical content, on the one hand, and, on the other hand, sensitivity to develop-
mental, social, and equity issues pertinent to adolescent children?

Algebra as the language of mathematics
2. If one thinks of algebra as the language of mathematics, then does the learning of algebra entail some

of the same challenges encountered in the learning of reading, and therefore call for a more deliber-
ate and focused attention to the task of teaching this formalization of mathematical expression and
communication?

Real world contexts    generalization and abstraction
3. Many have argued that in order to motivate student learning of mathematics, it should be presented

concretely in terms of real life problems and situations.  This has been interpreted by some to require
that all mathematics learning be embedded in complex empirical investigations and measurements.
Is this really warranted, both in terms of the presumptions about student motivation, and as effective
pedagogy?  Does this shortchange the equally important mathematical processes of generalization
and abstraction, i.e., the distillation or decontextualization of mathematical ideas from multiple
contexts?

Mathematics curriculum: covering mathematics    uncovering mathematics
4. TIMMS characterizes the U.S. curriculum in mathematics as a mile wide and an inch deep.  One

manifestation of this is the pressure on teachers to race through an overloaded curriculum—in both
standard and accelerated tracks—with little time for student reflection and inquiry with new ideas, a
practice that flies in the face of what constructivist ideas tell us about the nature of learning.  Is this
true?  And, if so, what can be done to change this condition?

Situating algebra in the mathematics curriculum?
5. How should algebra be situated in the curriculum?  As a traditional focused algebra course, or

integrated with other subject areas, such as geometry?  As a strand across many grades?

Mathematical curriculum: materials, design, selection criteria, . . .
6. What are the characteristics of currently available curriculum materials in terms of topic coverage,

pedagogical approaches, use of technology, support and guidance for teachers, etc.  What kinds of
tradeoffs must be made in the adoption of one over another of these curricula?  How can one measure
the impact of curricular choices on issues of equity, teacher preparation, community understanding,
program assessment, and articulation with elementary and high school programs?
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Traditional approaches to algebra
have focused on symbolic calculation,
but calculation can be used to con-
struct tables and graphs of relation-
ships, to solve equations, and to de-
scribe rates of change and optimal
values; major ideas in calculus that are
often disregarded by calculus students
who rely only on symbolic calculation.
Calculation can aid in the construction
of equivalent representations for
quantitative relationships.  The reason
the representations are equivalent is
that they both make sense for model-
ing the same situation.

In algebra, justification, reasoning,
and proof are often considered in
conjunction with the properties of the
number system.  But the properties of
the number system are the way they are
because the properties make sense.  It
is not the case that 2 + 3 = 3 + 2 because
addition is commutative.  Rather, addi-
tion is commutative because verification
that they both equal 5 can be general-
ized to all numbers.

Finally, applications can be pervasive
from start to finish, providing frequent
opportunities to move back and forth
between abstraction and the real world.

Fey closed by pointing out that these
curricular goals should be implemented
with consideration of the ways students
learn.  He suggested that the way
students encounter these ideas must be
changed from the “demonstrate, imitate,

and practice” style that has dominated
algebra instruction.

Al Cuoco, Director of the Center for
Mathematics Education at EDC, pre-
sented a view of algebra that was closer
to a traditional view, in that symbol
manipulation was more prominent and
the problems were more often from the
world of mathematics.  The emphasis
was not on the manipulation, however,
but rather on the ways of thinking that
emerge from consideration of the
historical development of the subject.
Many of his points were illustrated by
engaging mathematical problems.

Cuoco prefaced his presentation with
an acknowledgment that the points
made by Fey were important, and then
offered a list of possible answers to the
question, “What is algebra?”

• Algebra is an area of mathematical
research.

• Algebra is the language of mathematics.
• Algebra is a collection of skills.
• Algebra is generalized  arithmetic.
• Algebra is about “structure.”
• Algebra is about functions.
• Algebra is about graphs.
• Algebra is about modeling.
• Algebra is a tool.

Historically, algebra grew out of a long
program of mathematical research that
looked for ways to solve equations—ways
that didn’t depend upon the particulars of
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the equations.  Sometimes the methods
for solving these equations worked in
situations that had nothing to do with the
original situation.  People started thinking
about properties of operations.

Algebraic thinking involves reasoning
about calculations.  When is the aver-
age of two averages the average of the
whole lot?  What is the sum, 1 + 2 + 4 +
8 + … + 28?  Which numbers can be
written as sums of a sequence of
consecutive whole numbers?  In Euclid-
ean division, why do the remainders
have to keep getting smaller?

Algebra involves reasoning about
operations.  Consider the following two
problems:

1. Mary drives from Boston to
Washington, a trip of 500 miles.  If she
travels  at an average of 60 MPH on the
way down and 50 MPH on the way back,
how many hours does her trip take?

2. Mary drives from Boston to
Washington, and she travels  at an
average of 60 MPH on the way down and
50 MPH on the way back.  If the total trip
takes 18 1/3 hours, how far is Boston
from Washington?

The first problem can be solved by a
sequence of direct computations.  The
second requires reasoning about opera-
tions.  Students can solve it using a
“function machine” computer program
that allows reasoning about operations.

Triangular numbers have the recur-
sion formula, a(n) = a(n – 1) + n.  While

investigating these numbers, one
student saw that a(n) = n2 – a(n – 1).
This is surprising enough.  Cuoco wants
people to see that it is useful:  Add the
two formulas to get the closed form.

Units digit arithmetic provides some
opportunities for reasoning about
calculations.  What is the units digit of
24•3485 – 75•332?  Through questions
like this, students can very quickly
begin to reason about the system of
arithmetic modulo ten.

Some have argued that skills in symbol
manipulation are less important today, but
symbol manipulation is not just a skill.

Knowledge is not a copy of reality.  To
know an object, to know an event, is not
simply to look at it and make a mental
copy or image of it.  To know an object is
to act on it.  To know is to modify, to
transform the object, and to understand
the process of this transformation, and as
a consequence to understand the way an
object is constructed.  An operation is
thus the essence of knowledge; it is an
interiorized action, which modifies the
object of knowledge.

— Cognitive development in children:
Development and learning.  (Piaget, 1964)

Symbol manipulation can also support
mathematical thinking.  And many
important mathematical ideas, such as
geometric series, the binomial theorem,
and the number theory behind
Pythagorean triples, require rather
sophisticated symbol manipulation.
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During the question/answer period,
both Cuoco and Fey agreed on the
importance of algorithmic thinking and
reasoning about relationships.  Fey
elaborated that the contexts provide a
series of hooks, but it is important to go
beyond the individual contexts to find the
commonalities among the representations
of various contexts.  Hyman Bass sug-
gested that Fey’s and Cuoco’s approaches
are not in opposition, but emphasize two
different aspects of the same thing.

RESEARCH ON THE TEACHING
AND LEARNING OF ALGEBRA

Orit Zaslavsky, a mathematics educa-
tion researcher from Israel, began her
presentation by noting that in Israel
there is no debate about whether to
teach algebra.  Because complete
coverage of the research was not pos-
sible, she decided to share an example
of her own mathematical learning,

which developed into a collaborative
study of her graduate student, Hagit
Sela, and her colleague, Uri Leron.
Through this example she addressed
research issues associated with teach-
ing and learning algebra.

She asked participants first to sketch
the graph of f(x) = x on axes without
scales, and then to sketch the graph of
f(x) = x on axes where the scales were
different.  For each case, she posed the
following questions:

1. What is the slope of the line you
sketched?  How did you determine it?

2. Does the line that you sketched
divide the angle between the two axes into
two congruent angles?  How do you know?

3. Can you calculate tan(a), for the
angle a between the line you sketched
and the x-axis?  If you were able to, how
did you calculate it?  If not, why not?

4. Describe your considerations,
reactions, dilemmas and other thoughts.

Typical graphs are shown in Figure 2.
For the first graph, most participants

Figure 2.  Typical graphs
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assumed that the scales were the same.
Zaslavsky pointed out that most people
think of f(x) = x as bisecting the right
angle of the coordinate system.  None of
the four questions were problematic for
the first graph.

For the second graph, however, there
was disagreement, as some participants
focused on the scales of the axes and
others focused on the angle visually
made by the line in the first quadrant.

Zaslavsky pointed out that with the
advent of graphing technologies and the
possibilities for scale change, there was
a sense that everything was invariant
under scale changes.  But she thought
that there were some things that were
varying—the angle in particular.

This example raised many questions:
What is the slope of a linear function?
What is the relation between the slope
and angle?  Is the slope a characteristic
of a (linear) function that is independent
of its representation? Or is it a charac-
teristic of its graphical representation?
(Similar questions may be asked about
derivative.)  Does it make sense to talk
about a function without reference to its
representation?

As part of a research project,
Zaslavsky and her colleagues were
investigating approaches to this set of
tasks in various populations.  Students,
mathematics teachers, mathematics
educators, and mathematicians all
shared a sense of confusion and to

some extent, inconsistency or disequi-
librium.  All felt a need to re-think, re-
define, or re-construct meaning for
what they had thought of as fundamen-
tal and rather elementary concepts:
slope, scale, and angle.

In their research (as in the Action
Conference) there were several qualita-
tively different approaches to tackling
the problem.  Individual people brought
their own perspectives.  For some, slope
is a geometric concept.  When the scale
is 1:3, the line does not bisect the angle.
For others, slope is an analytic concept,
and the “fact” that the line bisects the
angle is a clear result of the analytic
calculation.  Still others questioned the
meaning of y = x if the units of x are
different from the units of y.

What does all this have to do with
learning algebra in the middle grades?
Learning is about constructing mean-
ing.  This meaning can change over
time, across learners (even experts) and
across contexts.  The teacher should
provide a rich context for building
different perspectives and meanings.

In algebra, even the notion of variable
has several meanings: unknown, vary-
ing, generalization, etc.  Meaningful
learning takes place when the learner
deals with a “real problem” in the sense
that the problem is real to him or her.
Research supports a contextual ap-
proach in which students engage with
problems to which they can relate.
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The issue of representations is inher-
ent to the learning of algebra.  Students
need to build meaning for graphical
representations (which although visual
are very often symbolic), and the
connections between different forms of
representation.  Students need opportu-
nities for reasoning from within repre-
sentations and for translating among
representations.  And instruction should
relate to and build on children’s own
invented representations.

Finally, in mathematical learning,
examples play a critical role.  In study-
ing functions, for instance, the examples
that children see can profoundly influ-
ence their concept image of function.
Many students believe, for example,
that functions are supposed to be
continuous, that there can be no jumps,
and that there has to be a rule.

There are different levels and ways of
knowing.  Learning algebra in the
middle grades is just the beginning.
The hope is that in high school these
mathematical concepts and ideas will
continue to be revisited and rethought.

IMPLEMENTATION

The morning of the second day was
devoted to presentations of various
implementations of algebra in the
middle grades. Blanche Brownley,
Secondary Mathematics Specialist from

the District of Columbia Public Schools,
served as moderator for presentations
about the Connected Mathematics
Project (CMP), University of Chicago
School Mathematics Project (UCSMP),
Mathematics in Context, and Saxon
Mathematics.  The afternoon begin with
a panel discussion of more general
issues of implementation and closed
with a discussion of the need for re-
search and recommendations on the
role of algebra in the middle grades.

CONNECTED MATHEMATICS
PROJECT

Yvonne Grant, from Traverse City,
Michigan, initially participated in the
Connected Mathematics Project as a
field tester and received professional
development through her involvement.
Now she works as a teacher-coach for
CMP.  Traverse City’s move to Con-
nected Mathematics was prompted in
part by lack of success with the previ-
ous program.  The CMP program was
designed and developed from the
principle that all students should be
able to reason and communicate
proficiently in mathematics.  The
materials focus on understanding.  The
units are built upon big mathematical
ideas and are organized as integrated
strands of mathematics

Now after completing the CMP
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program in grade eight, about half of
the Traverse City students go into
UCSMP Algebra, and about half go into
UCSMP Geometry.  The placement
decision is made by students and
parents because the high school often
did not follow the middle school teach-
ers’ recommendations.

A central component of Traverse
City’s implementation effort is profes-
sional development for the teachers,
which begins with an orientation in the
summer.  During the academic year,
each teacher receives a half-day of
professional development before begin-
ning each CMP unit. Grant suggested
that professional development has to
evolve as teachers evolve, and described
four phases in a teacher’s implementa-
tion of a new program such as CMP:

• How to survive,
• Build a more comprehensive under-

standing of content,
• Focus on instruction, and
• Widen the view to connect with other

units, other grades.

Because there are teachers who are
at different places on this continuum,
designing school-wide professional
development activities is a challenge.
The teachers in Traverse City enjoy
additional support through the estab-
lishment and growth of a professional
community, supported through coach-

ing and common preparation times.
The teachers also benefit from adminis-
trative acceptance and support, and
because colleagues and the board of
education are well-informed about the
program.

Because some parents are concerned
about whether students are learning
their basic facts, and others are con-
vinced that their children should be
separated from the mainstream, the
teachers have had to learn about how to
talk to parents.  It has become easier to
talk to parents now that Traverse City
Schools have shown some success on
the Michigan Educational Assessment
Program (MEAP).

UNIVERSITY OF CHICAGO
SCHOOL MATHEMATICS PROJECT

Bonnie Buehler discussed the use of
the University of Chicago School Math-
ematics Project materials at Springman
Middle School in Glenview, Illinois, a
suburb of Chicago.  The UCSMP sec-
ondary program includes six year-long
courses, beginning in grade 6 or 7 with
Transition Mathematics, which is
followed by Algebra, and then Geometry.
The program emphasizes reading,
problem-solving, everyday applications,
and use of calculators, computers, and
other technology.  The UCSMP ap-
proach is called SPURs:  Skills, Pro-
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cesses, Uses, and Representations.
In Glenview, the philosophy is that all

students benefit from rigorous math-
ematics; they shouldn’t have to wait
until high school.  So most students take
Transition Mathematics in grade 7 and
Algebra in eighth grade, though the
algebra course is broader than the name
implies, including a lot of geometry and
what is usually called pre-algebra.
About 25% of the eighth graders take
Geometry, with an equal number of girls
in this accelerated track.  The emphasis
on problem solving and cooperative
learning seems to have helped gender
equity.

Buehler said that her school provides
graphing calculators, teacher materials,
and a budget for outside resources, and
pointed out that there have been huge
achievement gains in Chicago schools
using UCSMP, even in schools that have
more limited resources.  She suggested
that teacher expectations are more
important than resources.

Buehler emphasized that there was
extensive staff-development during
initial implementation of the UCSMP
program.  Now, new staff attend
UCSMP conferences, and veteran
teachers support new faculty.  Buehler
noted that teachers in Texas recently
abandoned UCSMP because they didn’t
receive the support they needed.  Sup-
port is the responsibility of the user, not
of the curriculum developer, she

thought, although the materials ought to
provide guidance on the need for
professional development.

For information about the effective-
ness of their program, Buehler men-
tioned that on the Comprehensive Test
of Basic Skills (CTBS), the skills scores
have stayed the same and the concep-
tual scores have skyrocketed since the
implementation of UCSMP.  More
recently, the teachers have focused on
skills for a few days before the test, and
skill scores have gone up as well.

As further evidence of effectiveness,
Buehler discussed Glenview schools’
participation in the Third International
Mathematics and Science Study as part
of the First in the World Consortium, a
group of school districts in Suburban
Chicago.  When the Consortium is
compared as a country with the other
participating countries, only Singapore
significantly outperformed the Consor-
tium in mathematics, and no country
significantly outperformed the Consor-
tium in science.

MATHEMATICS IN CONTEXT

Susan Hoffmier, from Weimar Hills
School, Weimar, California, spoke about
Mathematics in Context, a comprehen-
sive middle-school mathematics curricu-
lum for grades 5 through 8, developed
with support from the National Science
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Foundation.  Connections are a key
feature of the program:  connections
among topics, connections to other
disciplines, and connections between
mathematics and meaningful problems
in the real world.  Mathematics in
Context introduces concepts within
realistic contexts that support math-
ematical abstraction, with tasks and
questions designed to stimulate math-
ematical thinking and to promote
discussion among students.

With more than 10 years of experi-
ence in efforts to improve their math-
ematics programs, Hoffmier was al-
ready familiar with some of the ideas
behind Mathematics in Context and
with the idea that all students can
achieve higher standards.  After remov-
ing selection criteria for eighth grade
algebra, for example, her district found
that the two most important criteria for
success were persistence and doing
homework.  Nonetheless, she was
concerned when she first noticed that
Mathematics in Context included linear
programming and linear regression in
the eighth grade curriculum.  At first,
she didn’t believe that students could do
it, but she later changed her mind when
she saw how the concepts were devel-
oped beginning in the fifth grade.

Hoffmier also emphasized the need
for support and professional develop-
ment.  Teachers meet once a month
from 4 p.m. to 7 p.m. and are paid.

Once a month, teachers get a release
day as a team.  Teachers need to be
provided with good research to support
what they are doing.  The school’s
lifeline has been involvement with
university mathematics projects that
provide professional development,
including summer institutes and year-
long seminars for teachers who want it.

School boards and parents are also a
critical link to what you are doing,
Hoffmier suggested.  Parents have
trouble helping their kids with Math-
ematics in Context not always because
they don’t know the mathematics, but
because they are not willing to take the
time to go back a few pages to under-
stand the concept that is being devel-
oped.  Right now, the job is complicated
by the fact that the California State
Mathematics Standards say that all
students must have algebra described as
a traditional list of skills in eighth grade.

As for resources, the manipulatives
required are usually inexpensive items
like string or rulers.  When the Weimar
Hills School was using a popular com-
mercial textbook series, on the other
hand, they bought boxes of materials at
$400 per set, but the teachers received
no training in how to use the materials.

So far, the achievement results have
been quite positive, with 68% of the
eighth graders and 74% of the seventh
graders testing above the norm on the
Stanford 9 Achievement Test in 1997-
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1998—an improvement over previous
years.  This improvement was notewor-
thy especially because some students
weren’t finishing the test because they
were used to using a calculator.  Im-
provements have been more dramatic
on an algebra readiness test, which
indicates that many more of the eighth
graders are ready for algebra.

SAXON MATHEMATICS

Stephen Hake is a teacher and also a
co-author on several of the texts in the
Saxon Mathematics series, a program
based on the principles of incremental
development and continual practice.
Before discussing the Saxon materials,
he responded to the statement that
anyone can succeed in algebra in eighth
grade through persistence and home-
work.  In particular, Hake cautioned that
some concepts and skills are prerequi-
sites for algebra, and urged that some
consideration be given to a diagnostic
readiness test.

Hake expressed appreciation for the
lack of a national curriculum in the United
States, because of the many varied ap-
proaches and opportunities for experi-
mentation.  He argued that decisions in
California and Texas are particularly
worthy of attention, because those deci-
sions shape the kinds of instructional
materials that become available to the rest

of the county.  The text-book adoption
process, for example, is sometimes
merely a check-list.  Instead, Hake ar-
gued, adoption decisions should be
supported by efficacy studies, so that
publishers will write not for the check-list,
but for effectiveness.  Hake emphasized
that in his writing for Saxon Publishing,
he wrote for his own students, working
out of his own class.  All he cared about
was effectiveness in real classrooms.

Skills can be taught, Hake proposed,
but concepts are much harder to teach,
and so they must be teased out.  Saxon
materials ask several questions about
the same concept, and ask them in
different ways.  That way, the concept is
approached from many different angles.
The primary method of instruction is
through the questions that we ask
students to solve.

TEACHERS AND TEACHING

The afternoon panel discussion was
begun by Anne Bartel, Mathematics
Project Manager at SciMath MN in
Minnesota.  She discussed issues that
arise during implementation of a new
program.  Many of the issues, she
pointed out, are intimately tied to
people’s belief systems.  For example,
ones vision of algebra often depends
upon whether ones definition of math-
ematical understanding is focused on
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skills or whether it includes something
broader like “algebraic thinking.”  All of
today’s proponents of algebraic thinking
came through a skills-focused curricu-
lum.  Why then, she asked, do some
teachers move to algebraic thinking
while others stay focused on skills?

Bartel pointed out that the goal of
“algebra for all” is undermined by
peoples’ commitment to past practices
and varying standards for different
groups of students.  Some parents say,
“algebra for all?  Why isn’t my kid still
special anymore?”  Others say, “If this
curriculum is good enough for the kids
in inner-city Minneapolis, then it is not
good enough for us in the suburbs.”

To overcome these beliefs, Bartel
discussed various ways of marketing the
message of “algebra for all” to other
audiences:  community advisory groups,
brochures, parent meetings, posting
student work in hallways, teacher to
teacher conversation, and even class-
room newsletters.  Through any of
these approaches, the message should
be clear, she urged, focusing on why,
what, how, and what results should be
expected.  By using an array of these
approaches, one can acknowledge the
political nature of the process of change,
at the department, school, district, and
state levels.  At any level, one or a few
people can derail change.

Bartel closed her presentation by
discussing some characteristics of

effective professional development.  The
algebra must be made explicit, because
teachers don’t necessarily see the alge-
bra in integrated curricula.  Further-
more, instructional strategies must be
made explicit, because instructional
modeling alone is not sufficient enough
for teachers to see and internalize goals
that are broader than skills.  The profes-
sional development must be an ongoing
program rather than occasional isolated
workshops.  Teachers should spend
some time as “students” so that they
might relearn algebra in new ways and
make new connections.  The learning
environment must be safe so that teach-
ers have opportunities to engage and
discuss their learning and their prior
misconceptions.  The teachers should
have opportunities to assess student
work so that they might broaden their
sense of what students can do.  The
primary focus should be on mathematics
content and instructional strategies that
promote higher-order thinking.  And
finally, the teachers should be given
sufficient time—several years—before
significant results are expected.

GIFTED AND TALENTED
PROGRAMS

Vern Williams spoke from his per-
spective as Gifted and Talented Coordi-
nator, Longfellow Intermediate School,
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Falls Church, Virginia.  He called
himself a traditional teacher.  Through
the new mathematics and the back-to-
basics movement, he managed to teach
the same way.

During his presentation, Williams
emphasized that there are children who
need more than the norm.  Truly gifted
students, he said, need an emphasis on
theory, structure, and problem solving.
In third grade, they hear of this mystical
thing called algebra.  But when they get
there, they realize that they’ve seen
many of the ideas before.  And then
there is calculus.

Neither algebra nor calculus is a big
deal for these students.  They live to
know why, and so we can stress proof.
Students may need to know some things
to prepare for the 21st century, but
these students couldn’t care less
whether a skill or concept will help
them shop at the supermarket.

These students need an algebra
course in order to reach the place where
they can make up their own theories.
When they can tell good reasoning from
faulty reasoning, then they will bring in
their ideas and present them to the
class.

These students need to learn problem
solving;  they need a course that gets
them fired up about mathematics.  If
you give them problems that they can’t
do in five minutes, they will complain at
first, but after a few months, they will

never go back.  Algebra should be
offered in 7th grade for gifted and
talented students.  It is not as possible to
get arithmetic problems that provide the
same kind of engagement.  Algebra
opens up the universe.

If you have a successful middle
grades algebra program for gifted and
talented students, and you want to
implement algebra for all, just don’t take
away the gifted and talented option.
These students need to be challenged
every day, not just once a week.  These
kids need to get to a point where they
can’t do a problem and need to have
another student or a teacher help them.
Some of the kids in MathCounts, a
national mathematics contest for sev-
enth and eighth graders, will tell you
that their mathematics classes are a
waste.  The only challenge they get is
after school.  Williams believes this
should happen in mathematics class.

COMMENTS ABOUT ALGEBRA
AND EQUITY

Nancy Doda, Ph.D., is an Assistant
Professor of Education at National-Louis
University at the Washington, DC
Center, who has spent much of the last
ten years working in middle school
professional development.  After ac-
knowledging that many of her positions
were contrary to those of Vern Williams,
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she urged participants to stay true to
principles when considering various
proposals for implementing algebra in
the middle grades.  If we believe in the
principle of curricular integration, for
example, then we must ask whether it is
ever appropriate to pull kids out to study
algebra.

If we are concerned that gifted kids
are bored in class, Doda urged, we
should also be concerned about bore-
dom for all students and in all classes.
The curriculum is lifeless and dull for
too many of our young people, and dull
pedagogy is far more dangerous than
the absence of a separate algebra class.
She agreed with Williams that truly
gifted kids need to be accommodated,
and asked why that couldn’t happen in a
regular classroom.

Doda pointed out that the
practicalities of scheduling often create
equity issues.  At many schools, for
example, the algebra students are all on
one team, and the students who take
band are all on that same team.  This
creates elitist subschools that are clearly
distinguishable by social class.  With
such separation, students are not
afforded equal educational opportuni-
ties, and yet some of these schools that
so schedule claim that they don’t track.
We lose minds by the year, Doda said,
because we are so preoccupied with
sorting and labeling kids.  We also loose
the greatest potential of democratic

education which is our charge to ad-
dress diversity with equity, to build
discourse in that context, to create
community and harmony where there is
otherwise division.

RESPONSES

As Organizer of the action confer-
ence, Hyman Bass, professor of math-
ematics at Columbia University, led the
closing discussion by focusing on
several dilemmas and questions to be
considered regarding the place of
algebra in the middle grades.  In educa-
tional discussion and debate, there is a
strong tendency to polarize issues, to
contrast competing perspectives.  At the
Convocation, the contrast was between
attention to students and attention to
subject matter.  The question, Bass
proposed, should not be which one to
choose, but rather how to make deci-
sions that pay attention to both.

How do we properly attend to the
needs of students at both ends of the
spectrum?  Can we serve a broad range
of students in the same classroom?
Some participants believed that it is
possible by careful task selection, by
posing tasks that can be approached at
multiple levels and that provide multiple
branches.  But does such an approach
pay a disservice to “algebra for all”?
Many schools provide unequal re-
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sources in sports and music.  Should it
be acceptable, then, to provide extra
resources for students who show talent
in mathematics?

CONCLUSIONS

Although the participants were aware
that the action conference was not
designed to draft recommendations,
many participants expressed a desire
for help in making decisions back in
their schools and districts.  Thus, the
remainder of the afternoon was devoted
to discussing what kinds of statements
would be reasonable and useful for
schools and districts who were consider-
ing implementing algebra in their
middle grades.

There was acknowledgement that the
array of approaches is broad and uncon-
nected, so some participants wanted to
press for more cohesion in the system.
Other participants asked how policy
might promote higher understanding
for kids—more symbol manipulation
and increased enrollment in higher level
courses will not be sufficient.  The
remainder of the discussion fell into
three broad areas:  mathematics con-
tent, curricular design, and use of
research.

Mathematics Content.  Although
the discussion was about algebra, many

participants thought about mathematics
content broadly, asking first, “What is
the quality mathematics that all middle
school children should learn?”   In
considering the subsequent question,
“How is algebra part of this?”  partici-
pants recognized that algebraic thinking
has early roots and that algebra at the
middle grades will likely be different
from algebra at high school or at col-
lege.  There was broad sentiment that
our notions of algebra should expand to
include the various views and ap-
proaches that were presented.

First, as a mathematical discipline,
algebra has a more or less well-defined
historical definition, based in the theory
of equations, symbolic representation of
mathematical quantities and concepts,
formal manipulation of symbolic repre-
sentations, and structural analysis of
symbolic systems.  Second, in traditional
school textbooks, algebra took a form
that was influenced by—but different
from—the historical definition.  Third, in
some of the newly developed curricula,
algebra has been defined as searching
for patterns in data and modeling, and
functions.  Fourth, algebra may be seen
as a tool used extensively in the sciences
and more broadly in business and the
workplace.  These four approaches are
distinct, and all are educationally viable.
The choice must be based on a mixture
of mathematical, historical, pedagogical,
and social criteria.
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Curricular design.  After choosing
a view of the mathematics content, there
are questions of implementation of that
content—i.e., where algebra is situated
in the curriculum.  As for the organiza-
tion of the mathematics curriculum in
the middle grades, the typical high
school courses (Algebra I, geometry)
may be transplanted down a grade or
two.  Alternatively, algebra might be one
of several strands that are developed
over a number of years in an integrated
mathematics curriculum or even in an
integrated mathematics/science cur-
riculum.  On another dimension, there
are decisions to be made about appro-
priate expectations for symbol manipula-
tion and about the interplay between
abstraction and placing ideas in context.

Research.  Many participants
expressed a need for resources, re-
search, and impartial observers to help
in decision making.  Some participants
expressed the desire that decisions be
informed by research, past and ongoing,
on assessment and evaluation of various
interventions.  Other participants urged
that one should also consider research
on student learning, teaching, imple-
mentation, and staff development.  Still
others expressed a need for research on
current practices.  There was broad
sentiment that decisions be informed by
better understandings of what research

says, of what can be expected from the
research, and of what research needs to
be done.

Because teaching and learning are
very complex phenomena, much educa-
tional discussion, policy, and research
employs a typical problem-solving
strategy:  break the problem into small
pieces that we can handle.  What often
results from this strategy, however,  are
recommendations and policies that
encompass necessary but not sufficient
conditions for effective learning.  Disag-
gregation of effects won’t help us
understand how to improve student
learning; sufficiency comes from the
combination.  In other words, the
hardest part is implementation—putting
the pieces together effectively, without
circumventing the central educational
goals.

With so many good new ideas on the
table, what kind of evidence and what
kinds of conclusions can we draw about
the effectiveness of changes in this very
complicated educational system?  And
how do we compare different
approaches when their goals are so
different?  More to the point, partici-
pants were looking for guidance on how
to scale up these promising programs to
realize improved mathematics learning
for more students.  Perhaps this action
conference can provide the beginnings
of answers.
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INTRODUCTION

Currently, considerable attention is
focused on middle grades education and
particularly mathematics education.
Results from NAEP (Reese, Miller,
Mazzeo, & Dossey, 1997) and TIMSS
(National Center for Education Statis-
tics, 1996, 1997) provide overwhelming
evidence that far too many youngsters in
our nation’s middle schools are under-
achieving in most areas of mathematical
competence and understanding, espe-
cially in using mathematical knowledge
and skills to solve relatively complex,
multi-step problems.  The statistics are
particularly alarming for poor students
and students of color.  At the same time,
there is growing evidence that young-
sters can achieve at high levels when
schools provide quality mathematics
programs and teachers prepared to
teach students this mathematics (Hunt-
ley, Rasmussen, Villarubi, Santong, &
Fey, 1999; Hoover, Zawojewski, &

Ridgway, 1997; Hiebert, 1998).
In response to this mounting evidence,

states and local school districts are
developing standards that set high levels
of achievement for all students.  The
National Science Foundation has funded
several curriculum development projects
aimed at creating standards-based
programs of instruction.  Assessment
tasks and monitoring instruments are
being developed for high-stakes, on-
demand and classroom-based assess-
ments that are aligned with standards-
based curricula and that provide oppor-
tunities for students to show what they
know and what they can do.  The Na-
tional Convocation on Middle Grades
Mathematics Education (which pre-
ceded the Action Conference) drew over
400 educators to Washington to consider
the following question:  What might a
mathematics program look like that is
developmentally responsive, academi-
cally excellent, and that seeks social
equity for all students?

Action Conference on Research
in the Teaching and Learning of

Mathematics in the Middle Grades

Synthesis by Sandra Wilcox
Department of Teacher Education, Michigan State University
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Alongside the considerable activity
aimed at improving mathematics cur-
riculum, teaching and learning in the
middle grades, there is a concern within
the research community that major
work is required to better understand
and articulate the assumptions that
underpin this activity.  The Action
Conference on Research on Teaching
and Learning Mathematics in the
Middle Grades was designed around the
question:  How can we build a new
program of research that integrates
theory, research, and practice in mean-
ingful ways for the improvement of
mathematics teaching and learning at the
middle grades?

Embedded within this question are
several key issues:

• What is the place of theoretical
frameworks and practical problems in
shaping research activity?

• What major theoretical perspectives
underpin research on teaching and
learning?  Are some theoretical
foundations less developed or less
understood?  To what degree is there
consensus?

• What role do problems of practice
play in research?

• If research is situated in, grows out of,
and informs theory and practice, how
can we better articulate the relation-
ship or interface among theory,
research, and practice?

The Action Conference brought
together approximately 30 professionals
including mathematics educators and
teachers, mathematics education re-
searchers, curriculum developers,
administrators, and representatives
from the National Science Foundation
and the Department of Education.  The
group was charged with:

1. making suggestions to those in
the field about what further research is
needed, and

2. advising the Department of
Education and the National Science
Foundation who will jointly issue a
paper and an RFP for an upcoming
funding initiative, on where strategic
investments in research might be made.

Several experts were invited to make
presentations that would tease out some
of the complexity in tackling these
issues.  The invited talks were orga-
nized to move from broad theoretical
and practical issues on how to address
research to specific research efforts
(one on learning using the case of
rational number and proportional
reasoning, the other on linking research
on teaching to research on learning in
the context of teachers’ use of
cognitively challenging problems), to
the applications of research knowledge
to recent curriculum development
projects.
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SUMMARY OF INVITED
PRESENTATIONS

Useful features of research.
James Hiebert described a tension
between solving practical problems and
doing good research (Hiebert, 1999;
Stigler and Hiebert, 1999; Greenwald,
Pratkanis, Lieppe, and Baumgardner,
1986).  Hiebert identified three sources
of the tensions:

• perceptions of minimal impact of
research on solving problems of
practice, fueled by inadequate com-
munication to interested audiences,
particularly the challenge of talking to
the general population about what we
know,

• confusion between values, which
research cannot settle, and empirical
issues; and

• a genuine dilemma that is inherent in
the research process, the tension
between addressing daunting,
complex problems and doing good
research.

Hiebert suggested a framework to
better understand and resolve tensions
by moving research from:

• what works to understanding what
works;

• critical experiments to continuing
programs of research;

• feature-based to system-based class-
room research;

• researcher-driven to a teacher-driven
research and development enterprise.

Building a stronger theoretical
base for and through research.
Alan Schoenfeld responded to Hiebert’s
comments by proposing a schema
around the space of issues embedded in
the question “What are the characteris-
tics of research that would be helpful
and informative for teaching mathemat-
ics in the middle grades.”

Schoenfeld suggested that the
current state of theoretical work on
understanding schools, students,
teachers, and instructional materials
and the relationships among them is
uneven; so too is the research base and
the degree to which underlying as-
sumptions have been articulated or
justified.  He argued that major work is
needed on:

• continuing the study of learning,
focusing on key concepts,

• basic and applied studies of teaching
in context, which should lead to
theories and models of teaching,
knowledge trajectories, theories of
competence, of change, and of
development,

• principled research and development
studies of materials development that
yields knowledge and principles, and
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that is tied to research on students
and teaching,

• integrating work at the policy level
with all of the above.

Problem-driven research.  Mary
Kay Stein drew on her work in the
QUASAR project to highlight how
research often grows out of and at-
tempts to solve problems of practice
(Stein, Grover, Henningsen, 1996;
Henningsen and Stein, 1997; Stein and
Lane, 1996).  Drawing on her study of
teachers’ use of cognitively challenging
problems as a case of linking research
on teaching to research on learning,

Stein argued that classroom-based
research can:

• uncover and illuminate patterns of
teaching practice that may be prob-
lematic in terms of student learning,

• contribute to better understanding
and describing these practices, and,
in turn,

• be helpful in designing interventions
to reshape practices that better
support student learning.

Research on a big idea in the
middle grades curriculum.  Rich-
ard Lesh focused his remarks less on

Figure 1.  A Schematic Representation of the Space of Issues

Underlying Assumptions

Theoretical Frames

Research About:

Students

Kids

Instructional Materials

TeachersSchools
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the considerable research knowledge
produced by colleagues in the Rational
Numbers Project and instead com-
mented on how their thinking has been
changing.  Key points included:

• There is no ladder or stages of devel-
opment through the middle grades
curriculum, but rather many
interlinked concepts and representa-
tional systems that we need to better
understand.

• We need to be more explicit about the
big ideas in the middle grades cur-
riculum and figure out how to present
those ideas in ways that parents and
the community understand.

• Using what students are doing with
high-quality tasks in classrooms may
be a useful site for the professional
development of beginning and experi-
enced teachers.

Using research to shape cur-
riculum design.  James Fey and
Koeno Gravemeijer, developers on the
Connected Mathematics Project and the
Mathematics in Context Project, respec-
tively, described the ways and the extent
to which research on rational number
and proportional reasoning shaped
design decisions in their projects.

Fey noted that many theoretical
ideas (e.g., constructivism, conceptual
and procedural knowledge, multiple
representations, research on coopera-

tive learning, teacher change and
school change) guided the develop-
ment of the grade 6–8 Connected
Mathematics curriculum.  In the area
of proportional reasoning, the design-
ers drew on research and theory in the
literature where it seemed useful, as
well as their own earlier curriculum
experiences in this area (Lambdin and
Lappan, 1997).

Gravemeijer described the influence
of the developmental research con-
ducted at the Freudenthal Institute on
the design of Mathematics in Context.
Specifically, the curriculum is
undergirded by a theory that children
learn mathematics by mathematizing
their own activity.  The theory of
instruction embodies a cyclic process
of spiraling through thought experi-
ments (about student thinking) and
teaching experiments, where teachers
develop their own theories of learning
for their classrooms.  The developers
drew heavily on the work of Streefland
in the area of rational number
(Gravemeijer, 1998).

Fey emphasized that as curriculum
developers, they needed to know how
well their materials worked for purposes
of improving the product.  He argued
that the classrooms in which new
curriculum materials are used provide
opportunities for research and for
testing the robustness of our theories.
He suggested two kinds of activity:
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• Studies of implementation—e.g, how
do teachers interpret the intent of the
materials and how does this shape
their use of the materials; what is the
relation between teachers’ knowledge
and their practice; what role does
context play and what features are
particularly salient.

• Studies of student learning—what do
these materials contribute to deepening
students’ understanding of big ideas.

Echoing earlier comments, Fey noted
that conducting research on either is
messy.

Deepening teachers’ knowledge
of mathematics

It is well known that a serious impedi-
ment to improving the learning opportu-
nities for youngsters is teachers’ own
lack of mathematical knowledge.  Judith
Sowder presented findings from a two-
year project aimed at having teachers
explore some of the complex mathemati-
cal ideas that are typically a part of the
middle grades curriculum (Sowder,
Philipp,  Armstrong & Schappelle, 1998;
Sowder & Philipp, in press; Fennema,
Sowder, & Carpenter, in press; Thomp-
son, 1995).  While the outcomes of this
study were very encouraging (e.g.,
teachers began to see questioning as a
teaching approach and started to listen to
their students more closely), the number
of participants (5 teachers and a team of

researchers) raised issues about the
costs of taking this level of work to scale.

RECOMMENDATIONS FROM THE
PARTICIPANTS

The participants made recommenda-
tions in three areas: teaching and
teacher learning; student learning; and
communicating with a variety of inter-
ested constituencies.

Teaching and teacher learning

1. Especially in the light of interna-
tional comparisons, it is essential to re-
think both theoretical and pragmatic
assumptions about the nature of profes-
sional competency and growth, begin-
ning with pre-service experience and
continuing through the development of
true competency.

2. We need models of teaching that
help us better understand how teaching
works, and what kinds of knowledge,
beliefs, and goals lead or enable teach-
ers to do or not do certain things.

3. We need to better understand the
bases of “good teaching,” including the
bodies of knowledge that are central to
“good teaching” (e.g., teachers’ knowl-
edge of mathematics, of students, and of
students’ understanding of mathemat-
ics; learning how to listen to students).

4. We need models of how to im-
prove teaching that include descriptions
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of trajectories for teachers’ professional
growth (what is appropriate to learn at
different points in a teacher’s career),
how to support communities of inquiry
for continuing professional growth.

5. We need to better understand
what the system needs to be like, in
order to take the best prepared novice
and support her/him.

6. We need to better understand what
makes rich teaming environments for
teachers (including standards-based
curriculum materials), what they learn in
these environments, and how to scale up
this activity.  This includes understanding
productive connections between re-
search and professional development.

7. We need to develop research
tools and methodologies for examining
and describing complex settings like
classrooms.

8. We need to enlist teachers as
colleagues in developing knowledge
about these issues.

Student learning

1. We know a lot about student
thinking in some domains of the middle
grades curriculum.  We need to expand
this knowledge to other content areas as
well as across content domains

2. Much of what we know about
student thinking has unstated premises
(e.g., social and instructional conditions
are assumed) and we need to be ready
to question what we know.

3. We need to broaden the “we” in the
research community.  We may learn that
there is more shared knowledge than
there is shared theoretical commitment.

4. We need to combine model build-
ing with model testing.

5. We need to better understand
whether and in what ways reform
curricula support the development of
mathematical power for all students,
particularly poor students, students of
color, and students with special needs.

6. We need to look at good teaching
as a context for student learning.

7. We need to learn more about
distributed learning communities, and
about the relation of individual thinking
to shared social practice.

Communicating with various
constituencies

Here we raised a number of issues.
1. Who are we doing research for?
2. What does it mean to do system-

atic research?  What is the role of
collaboration between teachers and
researchers?

3. Does our research address problems
that are widely recognized as significant?
Do we know the concerns that parents
have and how concerns change?

4. How do we package what we
believe is useful and compelling for others
(e.g., school boards, parents, commu-
nity)?  How do we present data that is
credible and acceptable to the public?
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National attention to teaching, higher
student achievement, and the need for
more and better-qualified teachers is on
the rise.  Professional development and
teacher education are of increasing
interest and concern.

All the concern for professional
development is occurring at a time
when views on teacher learning con-
tinue to evolve. The change that teach-
ers are being asked to make in order to
enact standards-based reforms are
ambitious and complex (Little, 1993;
Cohen and Hill, 1998).  Little points out
that the current reforms require teach-
ers “to discover and develop practices
that embody central values and prin-
ciples.”  Here teachers are seen as
learners, “teaching and learning are
interdependent, not separate functions...
[teachers] are problem posers and
problem-solvers; they  are researchers,
and they are intellectuals engaged in

unraveling the process both for them-
selves and for [their students]”
(Lieberman & Miller, 1990).

The Action Conference on Profes-
sional Development was designed to
afford an opportunity to examine
promising approaches to professional
development.

The premise was that extant knowl-
edge about professional development is
underdeveloped.   Ideology and belief all
too often dominate practice and policy.
The Conference was intended to create
an analytic and practical conversation
about the sorts of opportunities in
professional development most likely to
lead to teachers’ learning and improve-
ments in their practice.  With a focus on
mathematics at the middle grades, the
structure of the Action Conference was
grounded in analysis of the practice of
teaching middle grades mathematics,
considering the major tasks teachers

Action Conference on the
Professional Development of
Teachers of Mathematics in

the Middle Grades

Synthesis by Megan Loef Franke, University of California, Los Angeles and
Deborah Ball, University of Michigan
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face and what knowledge and skill it
takes to perform those tasks.  This
analysis of teaching practice was used to
take a fresh look at the kinds of opportu-
nities for learning that teachers need.

What does teaching demand of
teachers and what does this
imply for teacher learning?

Deborah Ball, as conference leader,
framed the workshop discussion with
the diagram (Figure 1).  Ball pointed out
that the focus of the discussion through-
out the workshop would be from the
vantage point of teacher educators, and
would consider sites through which
teachers might most profitably learn
mathematics content needed in teach-
ing, based on tasks which teachers
regularly do as part of their teaching.
Participants observed that the diagram
helps make clear that the content to
learn becomes more complex at each
level.  Schoolchildren are learning
mathematics.  Teachers are learning
about mathematics, but also about
children’s learning of that mathematics,
and about the teaching of that math-
ematics.  The diagram does not incorpo-
rate all elements of what would be
needed in a national infrastructure for
systemic change.  It depicts relations
among learning mathematics, learning
to teach mathematics, learning to teach
about the teaching of mathematics.

Ball indicated that mathematicians,

mathematics education researchers and
teacher educators have all created lists
specifying knowledge for teachers.
Although these lists enable profession-
als in the field to discuss content in
professional development, these lists
are not grounded in an analysis of the
work of teaching.  Such lists tend not to
consider questions about the math-
ematical content knowledge that is
necessary in the context of teaching or
the knowledge of mathematics required
when teaching extends beyond how to
add fractions or identify geometric
patterns.  It includes being able to frame
a mathematically strategic question,
come up with the right example, con-
struct an equivalent problem, or under-
stand a child’s non-standard solution.
The kind of mathematical knowledge it

Figure 1.  Teaching, Learning, and Learning to Teach
Mathematics

Professional
developers

Teachers Teachers

Students Content
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takes to teach a problem goes beyond
knowing the content that the students
are learning, and includes the capacity
to know and use mathematics in the
course of teaching.

Participants considered the implica-
tions of this perspective on mathemati-
cal knowledge.  In the practice of
teaching, the teacher’s mathematical
knowledge is called upon in many
different ways in figuring out what a
student means, in listening to what
students say, in choosing and adapting
mathematical tasks, and in knowing
whether the students are understand-
ing. How do teachers use their knowl-
edge of the content, their knowledge of
pedagogy and other knowledge in an
interaction with their students?  How do
they decide which students’ ideas to
pursue?  How do they decide which
paths will further the particular content
in which they are engaged?  How do
teachers decide what a student means
by a question or an answer, or judge
whether students actually understand
the concept in question?  It is in these
interactions that knowledge of the
content is critical.

Ball, together with Joan Ferrini-
Mundy, Center for Science, Mathemat-
ics and Engineering Education at the
National Research Council, led an
activity designed to engage participants
in considering mathematics knowledge
as it is used in one task of teaching. Ball

presented a mathematics problem and
asked participants to solve the problem
and to describe the mathematical
territories into which it might head.

I have some pennies, nickels, and dimes
in my pocket.  I put three of the coins in
my hand. How much money could I have?

— (NCTM, 1989)

Having analyzed the mathematical
territory of the problem, participants
were then asked to make a “downsized
or upsized version” that was mathemati-
cally similar in structure.  The partici-
pants considered what students might
say or do.  Was making the problem
more complicated numerically a means
of “upsizing”? What did it mean to make
a “similar” problem, and what sorts of
mathematical knowledge and reasoning
did it take to do this?  Participants
discussed different versions of the
problem and considered the mathemat-
ics they used to create and evaluate
them.

What do we know about
professional development,
teacher learning, and the
improvement of practice?

Although there is a lot of professional
development in the U.S., much of it is
ineffective.  Approaches to professional
development in the U.S. are often
fragmented and incoherent, with little
basis in the curriculum teachers will
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have to teach.  Much professional
development centers around features
such as manipulatives or cooperative
groups rather than on the substance of
improving students’ mathematics
learning.  Generally, evidence about the
effects of professional development on
student achievement is scattered and
thin.  Too often, professional develop-
ment is defined by belief and propa-
gated by enthusiasm.  Some profes-
sional development works, but there is a
large gap even between effective profes-
sional development and changes in
practice.

Often teachers view the focus of
mathematics professional development
as engaging in process: learning how to
be a mathematics teacher or figuring
out what the process of teaching should
look like.  Yet as teachers identify
process goals, the substance of the
process is left unchallenged.  Teachers
need opportunities to think about how
the processes in which they engage
serve the students’ learning as well as
their own, how the processes relate to
the mathematical ideas, student think-
ing, and mathematical discourse.

As one example, Ball cited the Cohen
and Hill (1998) study in California that
found that professional development
that was grounded in the curriculum
that teachers had to teach—that is,
provided teachers with opportunities to
learn about the content, to learn how

children think about that same content,
and to learn ways to represent that
content in teaching—made a significant
difference in student scores.  Their
findings indicated that professional
development that made a difference
provided opportunities to learn that

• grounded content in the student
curriculum;

• were about students’ thinking about
that content;

• were about ways to connect students
and content;

• and were situated in context, materi-
als, and sites of practice.

OPPORTUNITY TO LEARN
SITUATED IN SITES OF PRACTICE

The Action Conference explored the
promise and potential problems of
situating opportunities for teachers’
learning in practice.  Much teacher
professional development offers teachers
the opportunity to learn a new idea or
activity and transfer that idea to their
classroom.  Professional development
focused on helping teachers develop
expertise within the context of their
practice emphasizes the interrelationship
of ideas and practice.  Some professional
developers engage teachers with cases of
teachers engaged in teaching mathemat-
ics and discuss what the teacher did and
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why.  Some professional developers
engage teachers in the curriculum that
they are going to teach and use that as
the practice context, while others engage
teachers with video examples of class-
room mathematics practice, or some with
student work.  Each of these situates
opportunities for teacher learning in
practice.  In each case the teacher is
pushed to consider how the mathemati-
cal ideas play out in the context of
teaching mathematics, and they are
compelled to consider the details related
to the students’ thinking, the nature of
the mathematics and its relation to their
instruction. Each of these approaches
affords opportunities for learning.  Each
holds pitfalls that might impede such
learning.  Critical questions then are:
How might the potential affordances be
exploited?  How might the potential
pitfalls be managed? To learn more about
what people are trying and how it is
working, and to sharpen the ability to
examine their own designs and practices
as professional developers, participants
engaged in several examples of profes-
sional development projects.

WRITTEN CASES

Margaret Smith, Pennsylvania State
University, engaged the participants in a
case study of student work (The Case of
Ed Taylor; Smith, Henningsen, Silver, &

Stein, 1998) and worked through the S
Pattern Task (Figure 2).  Analyzing
student responses led the participants to
discuss the importance of the mathemati-
cal knowledge of the teacher  in analyzing
the mathematics students do. The partici-
pants offered the following potential
affordances for professional developers
using cases as a medium for learning.
Cases offer the possibilities of
metacognition about the mathematics,
provide an in-depth look at the mathemat-
ics because the student thinking in the
case is visible; provide the opportunity to
study the particular mathematics involved
in the case in context, provide an opportu-
nity to read mathematics, can be used in
many ways with different groups including
administrators, and create opportunities to
learn mathematics in teaching.  Potential
pitfalls included the challenge of asking
questions that focus on the mathematics,
focusing more on pedagogy than the
mathematics, making the best use of time,
hard to read mathematics, and the fact the
teachers may not know the mathematics.

CURRICULUM-MATERIALS

Karen Economopoulos, TERC, en-
gaged participants in an experience
designed to show how curriculum
materials might serve as a site of practice
where teachers might learn mathematics
in their work. Economopoulos posed two
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questions for reflection and discussion:
How might curriculum materials such as
these offer professional development
opportunities for teachers?  How might
these materials influence or support a
teacher’s daily decisions?  Potential
affordances to exploit suggested by the
participants included: The material
speaks directly to the teacher; the
mathematics is very near the surface,
new materials generate thinking and
learning.  It is possible for administrators
to see more depth in the mathematics.
Materials can provide the opportunity to
see a broader view of mathematics.
Materials can move the mathematics
preferred by the teacher forward.  Conti-
nuity is built into the lessons; the com-
mon material promotes communication
among the teachers.  The pitfalls to be
managed included the following: It is

easy to turn the search for the mathemat-
ics into a make-and-take situation devoid
of thinking.  If teachers do not under-
stand the content, using the materials to
focus on the mathematics might increase
frustration levels.  Re-learning familiar
materials might result in resistance.  In
some tasks, it might be easy to avoid the
mathematics.

VIDEOTAPES OF TEACHING AND
LEARNING

Nanette Seago, Mathematics Renais-
sance Project, engaged participants in
examining a videotape of a professional
development workshop, “Facilitating the
Cindy Lesson Tape.”  The teachers had
previously viewed a videotape of an
eighth grade math lesson.  The tape

a. Sketch the next two figures in the S Pattern.
b. Make observations about the pattern that help describe larger figure numbers in the pattern.
c. Sketch and describe two figure numbers in the pattern that were larger than 20.
d. Describe a method for finding the total number of tiles in the larger figure numbers.
e. Write a generalized description/formula to find the total number of tiles in any figure in the pattern.

Figure 2.  The S Pattern Task
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provided an opportunity to consider the
challenges of using videotape as an
instructional medium in professional
development.  Watching this video
focused on the task of “facilitation” of a
teacher group discussion and raised
explicit issues about the challenges of
keeping the professional development
work centered on specific learning
goals—teachers’ learning of mathemat-
ics, for example.  There was considerable
interest expressed in the potential of
videotape as a medium and discussion
about its role in helping teachers think
about their practice.  Seago encouraged
the viewers to think back to the framing
diagram of the conference and the use of
video in the context of teachers as
learners.  Affordances cited included the
opportunity to look at a shared instance
of teaching, to see mathematics in use by
teachers and students.  Some of the
pitfalls included the problem of keeping
teachers focused on particular content,
questions about the quality of the teach-
ing portrayed, and the difficulty of
concentrating on the mathematics in the
midst of the many other things to watch.

REFLECTIONS ON THE
IMPROVEMENT OF
PROFESSIONAL DEVELOPMENT

A panel, moderated by Mark Saul, from
Bronxville Public Schools, consisting of

Iris Weiss, Horizon Research; Stephanie
Williamson, Louisiana Systemic Initiative;
and John Moyer, from Marquette Univer-
sity, reacted to the issues raised at the
Conference through the lens of their
experiences.  Weiss, from the perspective
of large scale research about implementa-
tion, argued for the need to help teachers
develop some way to filter and make
decisions.  She also raised a concern
about the issue of scale; how to move
from a teacher and a classroom to the
system, and in the process, the need for a
central vision and coordination and for
some form of quality control.  Weiss
indicated her belief that the issue is a
design problem.  Professional develop-
ment models designed for a best case or
for small numbers do not work when
scaled up.  Moyer, reflecting on profes-
sional development done with urban,
large city middle grades teachers, indi-
cated that scaling up had to be done
creatively and in small steps.  Leaders
who had been developed from earlier
small projects became facilitators in the
larger one but also remained as part of the
cadre of learners.   He observed that one
of the most successful efforts was to
observe teachers as they taught, with the
observer writing down what the teacher
said.  When the observer later asked why
the teacher had used those words, the
teachers began the process of reflection
on their practice that led to some lasting
changes.  Williamson described the work
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done in the state of Louisiana through the
National Science Foundation funded
LASIP systemic initiative and the focus on
teacher content knowledge.  Williamson
noted that the guidelines for the program
require collaboration among school
systems and universities and stimulated
partnerships among K-12 and higher
education.  An outgrowth of the programs
has been the development of a “Core of
Essential Mathematics for Grades K-8”
that focuses on growth of important ideas
across grade levels and is now guiding
decisions for both professional develop-
ment and preservice programs about
what teachers need to know and be able
to do to teach these concepts in depth.

At the close of the panel, Nora Sabelli
from the National Science Foundation
discussed the new opportunities for
research on middle grades mathematics
in the Department of Education/
National Science Foundation Research
Initiative.  She indicated that the focus
of the initiative will be on long-term
agendas, strategic plans for implementa-
tion, and ensuring that there is the
human, methodological and institutional
capacity for converting schools into
learning communities.

SUMMARY

Participants discussed the lack of
opportunities for professional develop-

ment leaders to engage in the study of
professional development.  As a
consequence, professional developers
must use their work with teachers as
sites for ongoing learning and re-
search as they create opportunities for
teachers to learn working to ensure
that those opportunities impact teach-
ers’ knowledge and practice as well as
student achievement.  Professional
developers are expected to work with
large numbers of teachers and do so
quickly.  Under these conditions,
professional developers have the
opportunities to see themselves as
learners. The Action Conference did,
however, take seriously professional
development as a field and attempted
to create a frame for thinking about
theoretical, research, and practice-
based learning.

Most professional development
providers are convinced that the
approaches they take enable teachers
to learn and students to benefit; other-
wise, they would not pursue the ap-
proaches. However, little is known
about what various approaches afford
or do not afford, especially in relation
to classroom practice and student
achievement.  Little is known about the
details of the various approaches to
professional development. The mes-
sage as the field considers the issues
raised at the Conference is to reflect on
the circle of learners and on their
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relation to middle grades mathematics
and to each other, to design research
studies around professional develop-
ment approaches, and to think deeply
about the mathematics middle grades
teachers need to know to teach well
and how they can come to know that
mathematics for themselves.
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Appendix 1
Convocation and Action Conference Agendas

National Convocation on Mathematics Education
in the Middle Grades

National Academy of Sciences/National Research Council
2101 Constitution Avenue, NW, Washington, DC

25-27 September 1998

AGENDA

Friday, 25 September 1998

4:00 p.m. - 7:00 p.m. Registration 2100 C Street

6:00 p.m. - 7:00 p.m. Cocktail Reception and Light Dinner Great Hall

7:00 p.m. - 7:30 p.m. Opening Session Auditorium

Introductions
Edward Silver, Professor of Instruction and Learning, University of

Pittsburgh, and Chair, Program Steering Committee

Welcome
Bruce Alberts, President, National Academy of Sciences
The Honorable C. Kent McGuire, Assistant Secretary for

Educational Research and Improvement, U.S. Department of
Education

7:30 p.m. - 8:30 p.m. Teaching and Learning Mathematics at
the Middle Grades:  Setting the Stage
Glenda Lappan, President, National Council of Teachers of

Mathematics
Tom Dickinson, Indiana State University

8:30 p.m. Adjourn for the day
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Saturday, 26 September 1998

7:30 a.m. - 8:30 a.m. Registration (continued) 2100 C Street

7:30 a.m. - 8:30 a.m. Continental Breakfast Great Hall

8:30 a.m. - 9:00 a.m. Morning Session Auditorium

Welcome
Edward Silver
Remarks, Luther Williams, Assistant Director, Education and

Human Resources Directorate, National Science Foundation

9:00 a.m. - 10:30 a.m. Content and Learning Issues in the Middle Grades
Presider:  Catherine Brown, Associate Professor of Curriculum and

Instruction, Indiana University
Nancy Doda, Professor of Education, National-Louis University
Katherine Hart, Professor, School of Education, University of

Nottingham, England

• What developmental considerations are important in thinking about
middle school students as learners?  as learners of mathematics?

• What do we know about middle school students’ capacity for
learning?  for learning mathematics?

• What are important ideas in mathematics for the middle
grades and how are these related to developmental learning
considerations?

10:30 a.m. - 11:00 a.m. Break

11:00 a.m. - 12:30 p.m. Discussion Sessions Assigned Rooms

12:30 p.m. - 1:30 p.m. Lunch Great Hall

(TIMSS video will be available for viewing in the Auditorium)

1:30 p.m. - 3:45 p.m. Teaching Issues in the Middle Grades: Auditorium
Classroom Practice
Presider:  Katherine Rasch, Dean and Professor of Education,

Maryville University
Nanette Seago, Project Director, Video Cases for Mathematics

Professional Development Project
Linda Foreman, Middle School Classroom Teacher and

Curriculum Specialist, Mathematics Learning Center, Portland
State University
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Panel:
Hyman Bass, Professor of Mathematics, Columbia University
Deborah Loewenberg Ball, Professor, School of Education,

University of Michigan
Sam Chattin, Science Teacher, William H. English Middle School,

Scottsberg, Indiana

• What are the important characteristics of effective teaching in
the middle grades?  of effective teaching of mathematics in the
middle grades?

• How can instruction in middle grades classrooms be orga-
nized to maximize learning?  How can we tell when learning is
happening?

• What tools and strategies will make a difference in how
middle grades students learn mathematics?

3:45 p.m. - 4:00 p.m. Break

4:00 p.m. - 5:30 p.m. Discussion Sessions Assigned Rooms

5:30 p.m. - 6:00 p.m. Teams meet Assigned Rooms

6:00 p.m. Adjourn for the day, dinner on own

Sunday, 27 September 1998

8:00 a.m. - 8:30 a.m. Continental Breakfast Great Hall

8:30 a.m. - 10:00 a.m. Panel Presentation Auditorium

The Organization and Structure of Schools at the Middle
Grades:  What is the Impact on the Teaching and Learning
of Mathematics?
Moderator:  Susan Wood, Professor of Mathematics, J. Sargeant

Reynolds Community College
Panel:
Stephen O. Gibson, Principal, Patapsco Middle School, Ellicott

City, Maryland
Mary Kay Stein, Research Scientist, Learning Research and

Development Center, University of Pittsburgh
Robert Felner, Professor and Department Chair, Education; and

Director, National Center on Public Education, University of
Rhode Island
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• What are the important characteristics of school organization
and mathematics programs that support teaching and learning
meaningful mathematics in the middle grades?

• How can the schedules of teachers and students be organized
to implement what we know about effective teaching and
learning in the middle grades?

• What are the issues surrounding specialists vs. generalists?
What kind of teaching assignments maximize program
effectiveness in mathematics?

10:00 a.m. - 10:30 a.m. Break

10:30 a.m. - 11:30 a.m. Discussion Sessions Assigned Rooms

11:30 a.m. - 12:00 p.m. Convocation Summary Auditorium

Edward Silver

12:00 p.m. Convocation adjourns
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Action Conference on the Nature and Teaching of
Algebra in the Middle Grades

National Academy of Sciences/National Research Council
2101 Constitution Avenue, NW, Washington, DC

27–28 September 1998

AGENDA

Sunday, 27 September 1998

12:00 p.m. - 1:00 p.m. Lunch Lecture Room

1:00 p.m. - 1:15 p.m. Welcome and Introductions
Hyman Bass

1:15 p.m. - 2:45 p.m. Views on the Nature of Algebra
Jim Fey
Al Cuoco

2:45 p.m. - 3:00 p.m. Question and Answer Period

3:00 p.m. - 3:15 p.m. Break

3:15 p.m. - 4:00 p.m. Views on the Learning of Algebra
Orit Zaslavsky

4:00 p.m. - 5:00 p.m. Discussion
Moderator:  Hyman Bass

5:00 p.m. - 6:00 p.m. Reception and Light Dinner Great Hall

Monday, 28 September 1998

Teaching Algebra:  Case Studies of Lecture Room

Implementation
Blanche Brownley, Moderator

8:30 a.m. - 9:15 a.m. Case Study 1: Connected Mathematics, Traverse City
Yvonne Grant
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9:15 a.m. - 10:00 a.m. Case Study 2: University of Chicago School Mathematics
Project
Bonnie Buehler

10:00 a.m. -10:15 a.m. Break

10:15 a.m. - 11:00 a.m. Case Study 3:  Change from Within, Mathematics in
Context
Susan Hoffmier

11:00 a.m. - 11:45 a.m. Case Study 4:  Saxon Mathematics
Stephen Hake

11:45 a.m. - 12:15 p.m. Framing the Issues

12:15 p.m. - 1:15 p.m. Lunch

1:15 p.m. - 2:15 p.m. Panel

General Observations on Implementation
Ann Bartel

Algebra in Gifted/Talented Programs
Vernon Williams

Implementation in Middle Schools
Nancy Doda

2:15 p.m. - 4:00 p.m. Break-out Discussions

4:00 p.m. - 5:00 p.m. Reports from Break-out Discussions

Recommendations

5:00 p.m. Conference Adjourns
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Action Conference on Research in the Teaching and Learning of
Mathematics in the Middle Grades

National Academy of Sciences/National Research Council
2101 Constitution Avenue, NW, Washington, DC

27–28 September 1998

AGENDA

Sunday, 27 September 1998

1:00 p.m. - 1:15 p.m. Welcome Board Room

Edward Silver

What Should Result from this Conference?
Sandra Wilcox

1:15 p.m. - 2:00 p.m. Features of Research that Might be Useful for Mathematics
Education:  The Place of Theoretical Frameworks and
Practical Problems
James Hiebert
Reactor:  Alan Schoenfeld

2:00 p.m. - 2:30 p.m. Questions from Participants
Facilitator:  Sandra Wilcox

2:30 p.m. - 2:45 p.m. Break

2:45 p.m. - 4:00 p.m. What does Research Say About Topics Difficult to Learn
and Teach in the Middle Grades?

The Case of Proportional Reasoning
Richard Lesh

Linking Research and Practice:  The Case of Teachers’ Use
of Cognitively Challenging Problems
Mary Kay Stein

4:00 p.m. - 5:00 p.m. Discussion:  Defining the Major Issues

5:00 p.m. - 6:00 p.m. Reception and Light Dinner Great Hall
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Monday, 28 September 1998

8:30 a.m. - 9:30 a.m. Applications of Research to Practice Board Room

and Implications of Practice for Research:
The Case of Innovative Curriculum for Students
James Fey
Kueno Gravemeijer

9:30 a.m. - 10:00 a.m. Thinking about the Research/Practice Interface
Judy Sowder
Reactor:  Edward Silver

10:00 a.m. - 11:30 a.m. Discussion Groups:  Defining the Major Issues (continued)

11:30 a.m. - 12:15 p.m. Reports from Discussion Groups

12:15 p.m. - 1:15 p.m. Lunch

1:15 p.m. - 1:30 p.m. New Opportunities for Research on Middle Grades
Mathematics:  The DOEd/NSF Research Initiative
Nora Sabelli

1:30 p.m. - 3:15 p.m. Defining an Agenda of Research:  Recommendations

3:15 p.m. - - 3:30 p.m. Break

3:30 p.m. -  5:00 p.m. Summary and Refining of Recommendations

5:00 p.m. Conference Adjourns
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Action Conference on the Professional Development of Teachers of
Mathematics in the Middle Grades

National Academy of Sciences/National Research Council
2101 Constitution Avenue, NW, Washington, DC

27–28 September 1998

AGENDA

Sunday, 27 September 1998

12:30 p.m. – 1:00 p.m. Lunch Board Room

1:00 p.m. - 1:45 p.m. Professional Development:  Part I Members Room

What Is Entailed in Trying to Teach Mathematics for
Understanding?
• View video of eighth grade class and discuss what teaching

demands of teachers and what that implies for teacher learning

1:45 p.m. - 3:00 p.m. Part II:  What Do We Know about Professional
Development, Teacher Learning, and the Improvement of
Practice?
• Consider what we think we know about professional develop-

ment and teacher learning and what the evidence is for our
“knowledge”

Deborah Loewenberg Ball, University of Michigan-Ann Arbor

3:00 p.m. - 3:15 p.m. Break

3:15 p.m. - 4:00 p.m. Part III:  Reflections on a Framework
• Given what we know about teaching and learning and what we

know about professional development, where are the gaps?
How can we work to develop and improve professional devel-
opment in itself?  What are the areas of need?  What are
promising directions?

Deborah Loewenberg Ball
Joan Ferrini-Mundy, National Research Council

4:00 p.m. - 5:00 p.m. Discussion of Part III and Preparation for Monday Session

5:00 p.m. - 6:00 p.m. Reception and Light Dinner Great Hall
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Monday, 28 September 1998

8:00 a.m. – 8:30 a.m. Continental Breakfast Members Room

8:30 a.m. – 10:00 a.m. Case Studies as Site and Medium for Teachers’ Learning
Margaret Smith, Pennsylvania State University

10:00 a.m. – 10:15 a.m. Break

10:15 a.m. – 11:45 a.m. Curriculum Materials as Site and Medium for Teachers’
Learning
Karen Economopoulos, TERC, Boston, MA

11:45 a.m. – 12:00 p.m. Observations for Framework
Deborah Loewenberg Ball

12:00 p.m. – 1:00 p.m. Lunch

1:00 p.m. – 2:30 p.m. Videotapes as Site and Medium for Teachers’ Learning
Nanette Seago, Video Cases for Mathematics Professional

Development, Riverside, CA

2:30 p.m. – 2:45 p.m. Break

2:45 p.m. – 3:45 p.m. Panel:  Reflections on the Improvement of Professional
Development
Moderator:  Mark Saul, Bronxville Public Schools
Iris Weiss, Horizon Research
Stephanie Williamson, Louisiana Systemic Initiative
John Moyer, Marquette University

3:45 p.m. – 5:00 p.m. Part V:  Conclusions—Group Work and Discussion

5:00 p.m. Conference Adjourns
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Appendix 2

Bruce Alberts, president of the
National Academy of Sciences in Wash-
ington, D.C., is a respected biochemist
recognized for his work both in bio-
chemistry and molecular biology.  He is
noted particularly for his extensive
study of the protein complexes that
allow chromosomes to be replicated, as
required for a living cell to divide.

He has spent his career making
significant contributions to the field of
life sciences, serving in different capaci-
ties on a number of prestigious advisory
and editorial boards, including as chair
of the Commission on Life Sciences,
National Research Council.  Until his
election as President of the Academy,
he was President-Elect of the American
Society of Biochemistry and Molecular
Biology.

Born in 1938 in Chicago, Illinois,
Alberts graduated from Harvard Col-
lege in Cambridge, Massachusetts, with
a degree in biochemical sciences.  He
earned a doctorate from Harvard
University in 1965.  He joined the
faculty of Princeton University in 1966

Biographical Information on Convocation and
Action Conference Speakers

and after ten years was appointed
professor and vice chair of the Depart-
ment of Biochemistry and Biophysics at
the University of California, San Fran-
cisco (UCSF).  In 1980, he was awarded
the honor of an American Cancer
Society Lifetime Research Professor-
ship.  In 1985, he was named chair of
the UCSF Department of Biochemistry
and Biophysics.

Alberts has long been committed to
the improvement of science education,
dedicating much of his time to educa-
tional projects such as City Science, a
program seeking to improve science
teaching in San Francisco elementary
schools.  He has served on the advisory
board of the National Science Re-
sources Center—a joint project of the
National Academy of Sciences and the
Smithsonian Institution working with
teachers, scientists, and school systems
to improve teaching of science—as well
as on the National Academy of Sciences’
National Committee on Science Educa-
tion Standards and Assessment.

He is a principal author of The Mo-
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lecular Biology of the Cell, considered
the leading textbook of its kind and
used widely in U.S. colleges and univer-
sities.  His most recent text, Essential
Cell Biology (1997), is intended to
approach this subject matter for a wider
audience.

Deborah Loewenberg Ball is
professor of educational studies at the
University of Michigan. Her work as a
researcher and teacher educator draws
directly and indirectly on her long
experience as an elementary classroom
teacher.  With mathematics as the main
context for the work, Ball studies the
practice of teaching and the processes
of learning to teach. Her work also
examines efforts to improve teaching
through policy, reform initiatives, and
teacher education.  Ball’s publications
include articles on teacher learning
and teacher education; the role of
subject matter knowledge in teaching
and learning to teach; endemic chal-
lenges of teaching; and the relations of
policy and practice in instructional
reform.

Hyman Bass is the Adrian Professor
of Mathematics at Columbia University,
where he has taught since 1959.  He
holds a Ph.D. from the University of
Chicago, and a B.A. from Princeton. His
research is mainly in algebra—group
theory, K-theory, number theory, and

algebraic geometry.  Dr. Bass received
the Van Amringe Prize for his book,
Algebraic K-theory, the Cole Prize in
algebra from the American Mathemati-
cal Society, and was a Phi Beta Kappa
National Visiting Scholar.  He is a
member of  the National Academy of
Sciences and of the American Academy
of Arts and Sciences.  He currently
chairs the Mathematical Sciences
Education Board at the National Re-
search Council.  Bass is a member of
the Program Steering Committee for
this Convocation.

Catherine Brown is an Associate
Professor in the Department of Curricu-
lum and Instruction at Indiana Univer-
sity.  She has an extensive background
in teacher professional development,
elementary and secondary mathematics
pedagogy, and instruction in mathemat-
ics education at the middle school, high
school, and university levels.  She is a
member of the National Council of
Teachers of Mathematics, Mathematical
Association of America, and the Ameri-
can Educational Research Association.
Brown received her doctor of education
in mathematics education from the
University of Georgia in 1985 and has
been a reviewer and author for
numerous mathematics education
journals.  Brown is a member of the
Program Steering Committee for this
Convocation.
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Sam Chattin is a science teacher at
William H. English Middle School in
Scottsberg, Indiana.  He has expertise in
middle level teaching and learning,
having taught at the middle school level
for more than twenty years.  He is a
member of the National Middle School
Association, the National Association of
Biology Teachers , and served on the
Board of the National Science Teachers
Association.  Chattin has received
several awards for his work—the
Presidential Award for Excellence in
Science Teaching, the Kohl Interna-
tional Teaching Award, the Walt Disney
Salute to the American Teacher, the
Lifetime Cable Award, along with
several others.  Chattin is a member of
the Program Steering Committee for
this Convocation.

Tom Dickinson attended Wake Forest
University where he received his B.A. in
history in 1969.  He taught social stud-
ies to both middle school and high
school students for seven years and he
earned his M.Ed. in social studies
education from the University of Vir-
ginia in Charlottesville.  In 1978,
Dickinson worked on his doctoral
degree full time, graduating in 1980 with
a Ed.D. in social studies education and a
minor in supervision of instruction.

Dickinson worked at the college level
for the majority of the last nineteen
years at North Carolina Wesleyan

College, Eastern Illinois University,
Georgia Southern College (later Univer-
sity), and is currently a professor of
curriculum and instruction at Indiana
State University in Terre Haute, Indiana.
His primary teaching, writing and
research concerns deal with middle
school education, specifically middle
school teacher education.

He served as editor of the Middle
School Journal for the National Middle
School Association and authored or
edited a number of books on middle
school education.  In addition he wrote,
with C. Kenneth McEwin in 1996, a
background paper for the Middle Grade
School State Policy Initiative (MGSSPI)
of the Carnegie Corporation titled
Forgotten youth, forgotten teachers:
Transformation of the professional
preparation of teachers of young
adolescents.

Dickinson is a member of the Profes-
sional Preparation and Certification
Committee of the National Middle
School Association, a standing commit-
tee that is charged with oversight of the
NCATE review process for middle
school teacher education.  He has also
served as a Board of Examiner for
NCATE and a member of the Steering
Committee of the 1994 National Assess-
ment of Education Progress (NAEP)
U.S. History Consensus Project.

Dickinson has written a number of
grants in the last five years that were
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aimed at the development of middle
school and high school performance-
based teacher education programs and
K-12 teacher creativity staff develop-
ment workshops.  His research interests
include middle school teacher education
and the origins of the middle school
movement.

Nancy Doda is a President and
founder of Teacher to Teacher, a con-
sulting firm  for middle level education.
She began her career as a middle school
teacher and since then has continued to
act as a teacher advocate and helper in
both her writings and presentations.
Doda has a Ph.D. from University of
Florida, in Middle School Curriculum
and Instruction.  She has been a Team
Leader on an Interdisciplinary Team;
Teacher-Advisor in Advisor-Advisee
Program, has authored a regular col-
umn for teachers for four years called
“Teacher to Teacher” in the Middle
School Journal; now a monograph called
Teacher to Teacher.  Since 1976, when
she began consulting work during the
summers, to a full-time job as a teacher
helper today, she has worked with
middle level teachers, administrators,
and parents in over forty states, Canada,
Europe, and the Far East. She was a
featured guest on the NBC Today Show
in 1988.  Doda has co-authored  Team
Organization: Promise—Practices and
Possibilities with Dr. Tom Erb for NEA,

authored many articles, and recently
wrote for Instructor on the subject of
homebase called, “Who’s Afraid of
Homebase”? Middle Years, 1991.  Doda
was the first teacher to keynote the
National Middle School Association’s
annual conference in 1977 and has
keynoted that conference on two addi-
tional occasions.  She has served on the
Board of Directors of the National
Middle School Association for five
years.

Robert Felner is currently Chair of
the Department of Education and
Director of the National Center on
Public Education and Social Policy at
the University of Rhode Island.  The
Center’s central focus is on developing
and implementing more effective
models through which universities can
partner with K-12 public education to
ensure academic success and positive
developmental outcomes for all stu-
dents.  In this work, the Center partners
with schools and local communities,
local and state agencies, and other
branches of government to enhance
their joint capacity to address pressing
educational, social, health and economic
issues and to improve the lives of all
children, youth, and families through
collaborative efforts.

Previously, at the University of
Illinois, he was Professor of Public
Policy, Education, and Social Welfare,
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and the Professor of Psychology and
Director of the Graduate Programs in
Clinical and Community Psychology.
While at Illinois he served as founding
Director of the Center for Prevention
Research and Development where the
Center worked to develop more sys-
tematic applications of land-grant
university traditions to the lives of the
residents of Illinois and the nation.  In
1990 he was appointed by the Univer-
sity of Illinois to the “Irving B. Harris
Professorship”—a faculty position for
interdisciplinary scholarship in social
policy and education.  He was the
founding president of the Board of
Directors of the Martin Luther King
Community Services of Illinois Founda-
tion, an organization that focuses on
the needs of economically disadvan-
taged children and families.  Felner has
also served as Director of the Graduate
Programs in Clinical and Community
Psychology at Auburn University, and
before that as Assistant Professor of
Clinical/Community Psychology at
Yale University.  He earned his Ph.D. in
Clinical/Community Psychology at the
University of Rochester.

He serves or has served on the
editorial boards of nearly a dozen
scientific journals and as a member of
more than two dozen federal and foun-
dation research and demonstration
advisory and grant review panels.  He is
a fellow of the American Psychological

Association, the American Psychological
Society, and the American Orthopsychi-
atric Association.  In recognition of his
work in the prevention field he received
the Administrator’s Award from the U.S.
Alcohol, Drug Abuse, and Mental
Health Administration and, in 1988 his
work on educational reform as preven-
tion was selected by the American
Psychological Association as one of
fourteen “Exemplary” Prevention
Programs in the United States.  He is
the author of over 150 papers, articles,
chapters, and volumes.  A primary focus
of his work is on understanding and
guiding local, statewide, and national
policy and reform efforts to transform
elementary, middle level, and secondary
education.  Of particular concern are
the needs of students and families from
economically and socially disadvantaged
backgrounds, and the preparation of
youth and families to participate in the
workforce and democracy of the 21st
Century.  This work has involved over
1,000 schools and partnerships across
more than 22 states and has been
funded by the Carnegie Corporation,
the Lilly Endowment, the Kellogg
Foundation, and the Kauffman and
Danforth Foundations, several states
and large school districts.

A second major focus of his work has
been on the reform and evaluation of
social and health policy and programs
that address welfare dependence,
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mental health, substance abuse, and
improving the developmental, educa-
tional, and vocational outcomes of
children, youth, and families.

Linda Cooper Foreman has been a
high school and middle school class-
room teacher for twenty-three years.
For the past eleven years, she has also
worked as Curriculum Specialist for The
Mathematics Learning Center (MLC)
at Portland State University, Portland,
Oregon.  At MLC, she works exten-
sively with teachers and teacher leaders
from across the nation, supporting the
implementation of mathematics reform.
She is currently co-authoring an NSF
supported comprehensive mathematics
curriculum for grades 5-8, Mathematics
Alive! Courses I-IV (the first 2 courses
were originally published as Visual
Mathematics).  Foreman is a recipient of
the Presidential Award for Excellence in
Mathematics Teaching.

Stephen O. Gibson is the Principal
at Patapsco Middle School in Ellicott
City, Maryland.  He has been the
principal at this middle school for the
past nine years.

Katherine Hart has recently retired
from the Chair of Mathematics Educa-
tion at the University of Nottingham.
She was director of the Shell Centre.
Hart started her career as a mathemat-

ics teacher in England, the U.S., and
Bermuda.  She was then a teacher-
trainer for ten years with a year as a
UNESCO field officer in Bangkok,
Thailand.  After obtaining an Ed.D. at
the University of Indiana she did re-
search at London University for ten
years, producing books for teachers on
the research projects:  Concepts in
Secondary Mathematics and Science
(CSMS), Strategies and Errors in
Secondary Mathematics (SESM), and
Children’s Mathematical Frameworks
(CMF).

She was an inspector of schools
(HMI) for two years and then became
director of a curriculum development
project before directing the Shell Centre
for the last five years.

Hart was president of the British
Society for Research in Learning Math-
ematics, Psychology of Mathematics
Education Workshop and the Interna-
tional Group Psychology of Mathemat-
ics Education.  She has worked in many
third-world countries and is currently
committed to working in Kwazulu,
Natal in South Africa and Sri Lanka.

Glenda Lappan is a University Distin-
guished Professor at the Department of
Mathematics at Michigan State Univer-
sity.  She received her Ed.D. in Math-
ematics and Education, with distinction,
from the University of Georgia in 1965.
She has been a member of the Depart-
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ment of Mathematics faculty at MSU
since she received her degree.  From
1989-91 she was on leave to serve as the
Program Director for Teacher Prepara-
tion at the National Science Foundation.
Her research and development interests
are in the connected areas of students’
learning of mathematics and mathemat-
ics teacher change at the middle and
secondary levels.  She is the Co-Director
of the Connected Mathematics Project,
which is funded by the National Science
Foundation to develop a complete middle
school curriculum for teachers and for
students.  She served as the Chair of the
middle school writing group for the
National Council of Teachers of Math-
ematics’ (NCTM) Curriculum and
Evaluation Standards for School Math-
ematics, and as Chair of the Commission
that developed the NCTM Professional
Standards for Teaching Mathematics.
She served on the NCTM Board of
Directors from 1989 to 1992 and is
currently serving on the Board through
2001.

Lappan was a member of the National
Advisory Boards of the following: Glenn
T. Seaborg Center for Teaching and
Learning Science and Mathematics, the
Ford Foundation/University of Pitts-
burgh QUASAR project, the NSF/
University of Maryland Teacher Prepa-
ration Collaborative, the NSF/San
Diego State University Mathematics for
Elementary Teacher Preparation Mate-

rials Development Project, the Univer-
sity of Chicago School Mathematics
Project, the NSF/University of Wiscon-
sin Cognitively Guided Instruction
Project and many others.  In 1993 she
received a Distinguished Faculty Award
from Michigan State University and the
Michigan Council of Teachers of Math-
ematics Service Award for 1993.  She
served as Vice-Chair of the Mathemati-
cal Sciences Education Board for five
years and continues as a member of
MSEB.  In 1995 she was appointed by
the Secretary of Education to the
National Education Research Policy and
Priorities Board.  In 1996 she received
the Association of Women in Mathemat-
ics Louise Hay Award for outstanding
contributions to Mathematics Educa-
tion.  In 1997 she received a Meritorious
Faculty Award for the College of Natural
Science Alumni.  In 1998 she was named
University Distinguished Professor at
MSU.  She is currently the President of
the National Council of Teachers of
Mathematics.

Cyril Kent McGuire is the assistant
secretary for the Office of Educational
Research and Improvement at the U.S.
Department of Education.  He was
nominated by President Clinton in
October 1997 and confirmed by the
Senate in May 1998.  This office funds
research and demonstration projects to
improve education, and collects and
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disseminates statistical information on
the condition of education.

McGuire, of Moorestown, NJ, joined
the department after serving as pro-
gram officer of the education portfolio
for the Pew Charitable Trusts in Phila-
delphia, where he was responsible for
the Trusts and national initiatives in
education reform.  From 1991 to 1995,
he was program director of education
for the Lilly Endowment, where he
directed all grant making related to
education reform in Indiana, as well as
national education policy initiatives.

From 1980 to 1989, he served as
policy analyst and then as director of the
School Finance Collaborative at the
Education Commission of the States.
There, he directed national projects
related to at-risk youth, education
technology and education choice;
participated in the design and imple-
mentation of the organization’s core
initiatives in K-12/higher education
reform; and led efforts to provide
technical assistance to states in school
finance and governance.

McGuire received a B.A. in econom-
ics from the University of Michigan, an
M.A. in education administration and
policy from Columbia University, and a
Ph.D. in public administration from the
University of Colorado.

Katherine Rasch is Dean and Profes-
sor of Education in the School of Educa-

tion at Maryville University in St. Louis,
Missouri.  She has expertise in teacher
and mathematics education and
coursework design.  She is a member of
the National Middle School Association,
National Council of Supervisors of Math-
ematics, National Council of Teachers of
Mathematics, American Association of
Colleges for Teacher Education.  Rasch
received her Ph.D. in education from
Saint Louis University in 1983.  She has
taught at the graduate and undergraduate
levels and worked in collaborative design
of coursework with teachers in partner
schools.  Rasch currently serves as the
president of the Missouri Association for
Colleges of Teacher Education.  She has
published and presented on teacher
education and preparation.  Rasch is a
member of the Program Steering Com-
mittee for this Convocation.

Nanette Seago is currently the Project
Director for the Video Cases for Math-
ematics Professional Development
Project, funded by the National Science
Foundation.  This past year she directed
the Mathematics Renaissance K-12 Video
Pilot Study.  For six years (1991-1997) she
was a Regional Director for the Middle
Grades Mathematics Renaissance.  She
has taught in kindergarten and upper
elementary grades as well as mathematics
at the middle school level.  She  authored
the TIMSS Video Moderator’s Guide for
the U.S. Department of Education.
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Edward Silver is a Professor in the
Department of Instruction and Learn-
ing at the University of Pittsburgh’s
School of Education, and senior scien-
tist with the Learning Research and
Development Center.  He has an
extensive background in mathematics
education at the secondary and post-
secondary levels, having taught at the
secondary level for six years and at the
university level for nearly twenty years.
He currently serves on the Mathemati-
cal Sciences Education Board (MSEB).
During 1984-1985 he worked in the
private sector as Project Director for
secondary school algebra and geom-
etry courseware.  Silver is a member of
the National Council of Teachers of
Mathematics (NCTM) and is leader of
the NCTM Standards 2000 Project,
Grade 6-8 Writing Group.  Other
activities include being a member of
the editorial panel for Cognition and
Instruction, 1995-1999; member of the
editorial panel for Journal for Research
in Mathematics Education, 1995-1998;
member, Mathematical Sciences
Academic Advisory Committee of the
College Board, 1994-1997; and member,
National Board for Professional Teach-
ing Standards (NBPTS) Middle Child-
hood and Early Adolescence Math-
ematics Standards Committee, 1992-
1996.  He has authored many  profes-
sional articles and has been the recipi-
ent of major grants in the mathematics

education field.  Silver is the Chair of
the Program Steering Committee for
this Convocation.

Mary Kay Stein is a Research Scien-
tist at the Learning Research and
Development Center at the University of
Pittsburgh.  She has conducted numer-
ous studies of classroom-based teaching
and learning in a variety of educational
reform contexts.  She was the director
of the documentation component of the
QUASAR Project, a multi-year middle
school mathematics instructional
reform project.  The QUASAR research
provided measures of program imple-
mentation at each of the project’s six
middle schools with a focus on the setup
and implementation of mathematics
instructional tasks.  Based on this work,
Stein has published a series of studies
on mathematics reform and teacher
professional development in high-
poverty urban middle schools.

Stein’s current work attempts to
integrate the teaching and learning of
subject matter with the study of social
and organizational arrangements of
schools as institutions.  Currently, Stein
is Director of Research for the High
Performance Learning Communities
Project, a multi-year OERI-funded
contract to study the district-wide,
content-driven improvement strategy of
New York City’s Community School
District 2.
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Stein has also been active in building
bridges between research and practice.
Along with Margaret Smith, Marjorie
Henningsen, and Edward Silver, she has
authored a casebook on middle school
mathematics instruction (Teachers
College Press, forthcoming) which
builds on the research findings of the
QUASAR Project. Stein is also a Co-
Principal Investigator of an NSF-funded
project to develop mathematics instruc-
tional cases for professional develop-
ment of middle school mathematics
teachers.

Luther Williams is the Assistant
Director of Education and Human
Resources at the National Science
Foundation.  The Directorate includes
programs addressing pre-college,
undergraduate, graduate and
postdoctoral science, mathematics,
engineering and technology education;
human resource development activities;
and a program to stimulate S&T infra-
structure development in states.

Williams has a distinguished record
as a scientist, educator, and administra-
tor.  He held faculty and administrative
positions at Purdue University, Washing-
ton University in St. Louis, the Univer-
sity of Colorado, and Atlanta University.
He served as the NIH Deputy Director
for the National Institute of General
Medical Sciences.

Williams earned a B.A. in biology

from Miles College, an M.S. from
Atlanta University, a Ph.D. from Purdue
University, and was a postdoctoral
biochemistry fellow at the State Univer-
sity of New York at Stony Brook.  The
author of over 50 scientific publications,
he is a member and/or fellow of several
professional organizations, the recipient
of four honorary doctorate degrees and
the Presidential Meritorious Rank
Award in 1993.

Susan S. Wood is a Professor of
Mathematics at the J. Sargeant
Reynolds Community College in
Richmond, Virginia.  She has been
actively involved in national mathemat-
ics education issues and has an exten-
sive background in mathematics
education at the community college
level, having taught mathematics at the
community college level for twenty-five
years.  She received her Ed.D. from the
University of Virginia in 1979.  Awards
include the first J. Sargeant Reynolds
Community College Sabbatical, 1996;
Distinguished Service in Mathematics
Education Award, 1995; William C.
Lowry Outstanding Mathematics
Teacher Award, Virginia Council of
Teachers of Mathematics, 1995; Fac-
ulty Development Grant, 1995; Chan-
cellors Commonwealth Professor, 1994;
Employee Recognition, 1990 and 1994;
State Council of Higher Education for
Virginia Outstanding Faculty Award,
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1992; Outstanding Work in Develop-
mental Studies, 1989; and Education
Professions Development Act Fellow-
ship, 1971-1973.  Wood has strong ties
to several mathematics professional
organizations, significant national
involvement, and has made about
seventy conference presentations to
students and teachers since 1990.  She
is a member of the National Research

Council’s Mathematical Sciences
Education Board, President-Elect of the
American Mathematical Association of
Two-Year Colleges, and a member of
the National Council of Teachers of
Mathematics, and the Mathematical
Association of America.  Wood is a
member of the Program Steering
Committee for this Convocation.
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Anne Bartel is currently on loan from
the Minneapolis Public Schools to
SciMathMN, Minnesota’s state-funded
State Systemic Initiative.  She serves as
the mathematics Project Manager, with
primary responsibility for the develop-
ment and dissemination of the MN K-12
Mathematics Curriculum Framework
and professional development programs
in mathematics education.  In this last
capacity, Ann serves as the co-project
director of an NSF Teacher Enhance-
ment Grant involving the implementation
of the Connected Mathematics Project in
Minneapolis middle schools.  She has
also trained members of the Minnesota
K-12 Best Practice Network and sup-
ported the implementation of NSF
reform curriculum projects statewide.

Ms. Bartel has teaching and profes-
sional development experience at all
levels K-12.  She received her B.S.
degree in Mathematics Education from
the University of Minnesota and her
M.A. in Special Education at the Univer-
sity of St. Thomas in St. Paul.  She has
done additional coursework in math-
ematics education and elementary
education.  She holds both a 7-12 math-

ematics and a K-12 special education
teaching license from the state of
Minnesota.

Ms. Bartel has served in many
capacities in both state and national
professional organizations.  She cur-
rently serves as President of the Minne-
sota Council of Teachers of Mathemat-
ics.  Bartel served on the Editorial panel
of NCTM’s The Arithmetic Teacher and
the co-editor of the “Tech Time” column
in Teaching Children Mathematics.  She
has served on conference committees
for the NCTM 1997 Annual Meeting, as
well as the 1992, 1987 and 1981 NCTM
Regional Conferences, and was respon-
sible for initiating and establishing the
MCTM annual spring conference in
Minnesota.  In addition, Ms. Bartel has
made numerous presentations at dis-
trict, state, and national meetings.

Ms. Bartel has been a co-author of the
MN K-12 Mathematics Framework
published by SciMathMN, New Curricu-
lum Maths for Schools published by
Longman in England, the Basic Skills in
Mathematics series published by Allyn
& Bacon, Inc., Algebra I blackline
problem-solving masters published by

Biographical Statements for Speakers at the
Action Conference on the Nature and Learning of Algebra

in the Middle Grades
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D.C. Health, Inc., and assorted supple-
mentary materials published by The
Mathematics Group, Inc.

Hyman Bass is the Adrian Professor
of Mathematics at Columbia University,
where he has taught since 1959.  He
holds a Ph.D. from the University of
Chicago, and a B.A. from Princeton. His
research is mainly in algebra—group
theory, K-theory, number theory, and
algebraic geometry.  Dr. Bass received
the Van Amringe Prize for his book,
Algebraic K-theory, the Cole Prize in
algebra from the American Mathemati-
cal Society, and was a Phi Beta Kappa
National Visiting Scholar.  He is a
member of  the National Academy of
Sciences and of the American Academy
of Arts and Sciences.  He currently
chairs the Mathematical Sciences
Education Board at the National Re-
search Council.  Bass was the organizer
for this Action Conference.

Blanche Brownley graduated from the
District of Columbia public schools and
received undergraduate and graduate
degrees from Howard University and the
University of the District of Columbia.
She has been an employee of the District
of Columbia school system for the past 26
years, serving as junior high school
mathematics teacher, curriculum writer,
mentor teacher, and staff developer.  She
is currently the secondary mathematics

content specialist.  She has received many
honors and awards including a Presiden-
tial Teaching Award, a GTE Gift Award,
and a NASA NEWMAST Honor Teacher
Award.  Active in her professional organi-
zations, she is the Past President of the
D.C. Council of Teachers of Mathematics,
and has served on the committee and as
chair of the Regional Services Committee
of the National Council of Teachers of
Mathematics (NCTM), and most recently
as the Local Arrangements Chair for the
annual meeting of NCTM that was held in
D.C. in spring, 1998.

Bonnie Buehler has taught high
school and middle school mathematics
for the last 21 years.  Currently, she
teaches 8th grade algebra and geometry
at the Springman School in Glenview,
Illinois.  She served for six years as
department chair during the school’s
transition to the University of Chicago
Mathematics Project curriculum.  Ms.
Buehler participates in the First in the
World Consortium, a group of school
districts from Chicago’s North Shore
that came together in 1995 to provide a
“world-class education” for their stu-
dents.  She serves as a Teacher Facilita-
tor in the First in the World Consortium
Teacher Learning Network

Al Cuoco is Senior scientist and
Director of the Center for Mathematics
Education at Education Development
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Center.  A student of Ralph Greenberg,
he received his Ph.D. in mathematics
from Brandeis in 1980, specializing in
algebraic number theory.  Cuoco taught
high school mathematics to a wide
range of students in the Woburn, Massa-
chusetts, public schools from 1969 until
1993, chairing the department for the
last decade of this term.

At EDC, he has worked in curriculum
development, professional development,
and education policy.  He currently
codirects two high school curriculum
development projects, an undergraduate
research project, and a project that
attempts to involve more mathemati-
cians in K-12 education.  His favorite
publication is his 1991 article in the
American Mathematical Monthly,
described by his wife as “an attempt to
explain a number system no one under-
stands with a picture no one can see.”

Nancy Doda is a President and
founder of Teacher to Teacher, a consult-
ing firm  for middle level education.  She
began her career as a middle school
teacher and since then has continued to
act as a teacher advocate and helper in
both her writings and presentations.
Doda has a Ph.D. from University of
Florida, in Middle School Curriculum
and Instruction.  She has been a Team
Leader on an Interdisciplinary Team;
Teacher-Advisor in Advisor-Advisee
Program, has authored a regular column

for teachers for four years called
‘Teacher to Teacher’ in the Middle
School Journal; now a monograph called
Teacher to Teacher.  Since 1976, when
she began consulting work during the
summers, to a full-time job as a teacher
helper today, she has worked with
middle level teachers, administrators,
and parents in over forty states, Canada,
Europe, and the Far East. She was a
featured guest on the NBC Today Show
in 1988.  Doda has co-authored  Team
Organization:  Promise—Practices and
Possibilities with Dr. Tom Erb for NEA,
authored many articles, and recently
wrote for Instructor on the subject of
homebase called, “Who’s Afraid of
homebase”? Middle Years, 1991.  Doda
was the first teacher to keynote the
National Middle School Association’s
annual conference in 1977 and has
keynoted that conference on two addi-
tional occasions.  She served on the
Board of Directors of the National
Middle School Association for five years.

James Fey is Professor of Curriculum
and Instruction and Mathematics at the
University of Maryland.  His special
interest is development of innovative
secondary school mathematics curriculum
materials and research on their effects.  He
has been author of algebra materials in the
Connected Mathematics Project, the Core-
Plus Mathematics Project, and the Com-
puter-Intensive Algebra project.

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


A L G E B R A  A C T I O N  C O N F E R E N C E  B I O G R A P H I C A L  S TAT E M E N T S 203

Yvonne Grant is currently a teacher
consultant and peer coach for teachers
of the Connected Mathematics Project
in Traverse City Public Schools in
Traverse City, Michigan.  This position
began in January of 1997 as a result of a
grant through Michigan State Univer-
sity.  Prior to this, she taught 7th and 8th
grade mathematics at Portland Middle
School, Portland, Michigan for nine and
a half years.  In 1992, her mathematics
department received the “A+ for Break-
ing the Mold” Award from the U.S.
Department of Education.

Her involvement with the Connected
Mathematics Project has taken on
varied roles.  Ms. Grant began in 1992
as a field development teacher piloting
the materials and giving feedback to the
developers.  She worked as a part of the
teacher assessment writing team for 4
years developing assessment pieces,
editing and contributing to teachers
editions.

Ms. Grant has helped create profes-
sional development plans for school
districts, statewide initiatives, and
leadership conferences.  Her presenta-
tions have included staff development
involving reform mathematics, imple-
mentation issues, instruction and
assessment.

Stephen Hake is an educator from
Southern California.  Hake completed
his undergraduate work at USIU in San

Diego.  After serving in the Air Force,
he earned a Masters in Curriculum and
Instruction from Chapman College and
began teaching in El Monte, California,
in 1973.  He has eighteen years of
mathematics teaching experience in
grades five through twelve, with most of
those years at the middle school level.
While teaching in El Monte, he estab-
lished district-wide mathematics compe-
titions for fifth through eighth grade
students and coached junior high
mathematics teams to frequent victories
in district and regional competitions.

In 1983, Hake began writing a math-
ematics curriculum that was later
published by Saxon Publishers.  His
four books range from fourth through
seventh grade levels.  He has been a
school board member in his community
for ten years.

Susan Hoffmier has been teaching
mathematics in the same school district
for the past 23 years.  Currently, she is
teaching eighth grade mathematics and
algebra.  Since 1987, she has been
committed to mathematics reform for all
children.

Ms. Hoffmier is the mathematics
mentor for her school; a fellow for the
Northern California Mathematics
Project; a past cluster leader for Math-
ematics Renaissance; and is on the
leadership team for the Golden State
Exam.  She is also a teacher consultant
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for Mathematics in Context as well as a
teacher leader for College Preparatory
Mathematics, Changes from Within.

Vernon Williams specializes in
teaching mathematics to gifted and
talented students at the Longfellow
Intermediate School in Fairfax County
and has been teaching mathematics to
middle school students for twenty six
years in Fairfax County, Virginia.  Will-
iams attended the University of Mary-
land where Jim Fey was his student
teaching supervisor.  He has won various
teaching awards, including the 1990
Fairfax County Teacher of the Year.  He
has coached Longfellow’s MathCounts
Team for sixteen years and has won the
State Championship thirteen times.  He
decided to become a Junior High School
mathematics teacher as a student in
middle school because he considered his
teachers such great role models and
wanted to emulate them.

Orit Zaslavsky is a senior lecturer at
the Department of Education in Tech-
nology and Science, Technion–Israel
Institute of Technology, Haifa, Israel.
She received her Ph.D. in Mathematics
Education from the Technion in 1987
and spent the two following years as a

post doctoral fellow at the Learning
Research and Development Center,
University of Pittsburgh, where she co-
authored a highly cited review paper on
Functions, Graphs, and Graphing.  Her
Ph.D. dissertation and some of her
current research are connected to
learning algebra in grades 7-12.  Her
research interests include: Students’
and teachers’ mathematical thinking;
the role of examples and counter-
examples in learning mathematics;
analysis and enhancement classroom
mathematical interactions and dis-
course; and characteristics and underly-
ing processes fostering the professional
development of mathematics teachers
and teacher educators.

Zaslavsky taught secondary math-
ematics for 12 years, and has been
involved in teaching pre-service and in-
service mathematics teachers for the
past 15 years.  For the past nine years
she has been director of large profes-
sional development projects for middle
and secondary mathematics teachers.
She is now a member of the Interna-
tional Committee of the International
Group for the Psychology of Mathemat-
ics Education (PME), and a member of
the editorial board of the Journal of
Mathematics Teacher Education.
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James Fey is Professor of Curriculum
and Instruction and Mathematics at the
University of Maryland.  His special
interest is development of innovative
secondary school mathematics curricu-
lum materials and research on their
effects.  He has been author of algebra
materials in the Connected Mathematics
Project, the Core-Plus Mathematics
Project, and the Computer-Intensive
Algebra project.

Kueno Gravemeijer is on the faculty
of the Freudenthal Institute research
group on mathematics education.  The
Freudenthal Institute (FI) is part of
Utrecht University, the department of
Mathematics and Computer Science and
the Center for Education in the Exact
(beta) Sciences.  The FI is the National
Expertise Center for Mathematics
Education in primary and secondary
education.

James Hiebert is the H. Rodney
Sharp Professor of Educational Develop-
ment at the University of Delaware.
Hiebert worked closely with, and has
co-authored with, James Stigler on the

mathematics video in TIMSS.  He
testified before the Committee on
Science at the U.S. Congress regarding
TIMSS.  One focus of his work is to
research and understand the effects of
conceptually based instruction in
mathematics.  He has expertise in the
whole of the TIMSS study and its
following analyses, questions, concerns,
and impact on current U.S. mathematics
and science reform.

Richard Lesh is the R.B. Kane Distin-
guished Professor of Education, Associ-
ate Dean for Research and Develop-
ment, and Director of the School Math-
ematics and Science Center at Purdue
University.  He is also the Director for
the Princeton Research Institute on
Science and Mathematics Learning, and
Associate Editor for Mathematical
Thinking & Learning:  An International
Journal.  Areas of specialization include
research and assessment on problem
solving, learning; instruction in math-
ematics and science education, teacher
education; computer-based and text-
based curriculum development for
children and adults; and research

Biographical Statements for Speakers at the
Action Conference on Research in the Teaching and

Learning of Mathematics in the Middle Grades
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design in mathematics and science
education.  He has been a Research
Director of the SIMCALC project, in
collaboration with Jeremy Roschelle and
Jim Kaput, and is the director at the
Purdue satellite of the University of
Wisconsin’s National Center for Improv-
ing Student Learning and Achievement
in Mathematics and the Sciences.  From
1994 to 1999, Dr. Lesh was the Director
for Mathematics and Science Instruc-
tion at the World Institute for Computer
Assisted Teaching (WICAT), and, from
1989 to 1995, he was a Principal Scien-
tist at the Educational Testing Service in
Princeton, where he was also the
Director of the Center on Technology
and Assessment.  He also has served as
Chief Program Designer for the Educa-
tion Testing Service’s PACKETS Perfor-
mance Assessment System for Grades 3-
5.  Dr. Lesh received a B.A. in Math-
ematics and Physics from Hanover
College, and M.A. and Ph.D. degrees
from Indiana University.  Dr. Lesh was a
Professor of Mathematics and Educa-
tion at Northwestern University, and,
from 1984 to 1989, he was
Northwestern’s Associate Dean for
Research and Program Development in
the School of Education.

Nora Sabelli is a senior program
director in the Directorate for Education
and Human Resources (EHR) at the
National Science Foundation (NSF).

During part of 1998, Sabelli was on
assignment to the National Science and
Technology Council, working at the
Office of Science and Technology
Policy.  Now, following a career as a
research scientist and faculty member,
she is focusing on helping understand
how to provide quality science, math-
ematics, and technology education
reflective of current scientific advances
and technology trends.  Her director-
ship included coordination of the NSF-
wide program of research in Learning
and Intelligent Systems; the Research
on Education, Policy and Practice
Program; and membership in the NSF-
wide Knowledge and Distributed Intelli-
gence implementation group and in the
EHR-wide Technology Integration into
Education working group.  Dr. Sabelli
received a Ph.D. in Chemistry (Theo-
retical Organic) from the University of
Buenos Aires, Argentina for research
performed at the University of Chicago
while a recipient of one of the first
CONICET external fellowships. Her
former positions include Senior Re-
search Scientist, National Center for
Supercomputing Applications, Univer-
sity of Illinois at Urbana-Champaign;
Assistant Director for Education, Na-
tional Center for Supercomputing
Applications, University of Illinois at
Urbana-Champaign; Associate Professor
of Chemistry, Department of Chemis-
try; Large Scale Computing Coordina-
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tor, Academic Computer Center, Univer-
sity of Illinois at Chicago. She authored
11 research publications in her research
field between 1980 and 1991, and has co-
directed three research theses.

Alan Schoenfeld is a member of the
National Academy of Education.  His
research deals with thinking, teaching,
and learning, with an emphasis on
mathematics.  One focus of his work has
been on problem solving, and his book,
Mathematical Problem Solving (1985),
characterizes what it means to “think
mathematically” and describes a re-
search-based undergraduate course in
mathematical problem solving.  A
second line of his work focuses on
understanding and teaching the con-
cepts of functions and graphs.  A third
deals with assessment, and Schoenfeld
heads the Balanced Assessment Project,
which is developing alternative assess-
ments for K-12  mathematics curricula.
He chaired the National Science
Foundation’s Working Group on Assess-
ment in Calculus, and serves on the
National Research Council’s Board on
Testing and Assessment.  He is associ-
ate editor of Cognition and Instruction
and an editor of Research in Collegiate
Mathematics Education.  His efforts to
bring together teachers, mathemati-
cians, educators, and cognitive re-
searchers to collaborate on issues in
mathematics education have produced

the two volumes: Mathematical Think-
ing and Problem Solving (editor, 1994)
and Cognitive Science and Mathematics
Education (editor, 1987).

Edward Silver is a Professor in the
Department of Instruction and Learning
at the University of Pittsburgh’s School
of Education, and senior scientist with
the Learning Research and Develop-
ment Center.  He has an extensive
background in mathematics education
at the secondary and post-secondary
levels, having taught at the secondary
level for six years and at the university
level for nearly twenty years.  He cur-
rently serves on the Mathematical
Sciences Education Board (MSEB).
During 1984-1985 he worked in the
private sector as Project Director for
secondary school algebra and geometry
courseware.  Silver is a member of the
National Council of Teachers of Math-
ematics (NCTM) and is leader of the
NCTM Standards 2000 Project, Grade 6-
8 Writing Group.  Other activities
include being a member of the editorial
panel for Cognition and Instruction,
1995-1999; member of the editorial panel
for Journal for Research in Mathematics
Education, 1995-1998; member, Math-
ematical Sciences Academic Advisory
Committee of the College Board, 1994-
1997; and member, National Board for
Professional Teaching Standards
(NBPTS) Middle Childhood and Early
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Adolescence Mathematics Standards
Committee, 1992-1996.  He has authored
many  professional articles and has
been the recipient of major grants in the
mathematics education field.  Silver is
the Chair of the Program Steering
Committee for the Convocation.

Judy Sowder is a Professor of Math-
ematical Sciences and Director of the
Center for Research in Mathematics and
Science Education at San Diego State
University.  Before returning to study
for her Ph.D., she taught elementary
and middle school, then secondary and
college mathematics.  Since receiving a
doctorate in mathematics education in
1976 she has focused her teaching on
the preparation of teachers and gradu-
ate students in mathematics education.
She has published over forty papers,
nineteen book chapters, and three
books, all on topics of mathematics
learning and teaching.  Two of the
books focus on research on preparing
middle school teachers of mathematics.
She is currently the Editor of the Jour-
nal for Research in Mathematics Educa-
tion and is the director of a curriculum
development project aimed at producing
course materials in mathematics for
elementary and middle school teachers,
both preservice and inservice.  She has
served on many national and interna-
tional committees and advisory boards,
including secretary and program com-

mittee member for the International
Group for Psychology in Mathematics
Education, steering committee member
of Leading Mathematics Education into
the 21st Century Project, chair of the
NCTM Standards Coordinating Com-
mittee, and chair of the NCTM Re-
search Advisory Committee.  She has
directed numerous projects funded by
NSF and OERI and has received awards
for teaching and research.

Mary Kay Stein is a Research Scien-
tist at the Learning Research and
Development Center at the University of
Pittsburgh.  She has conducted numer-
ous studies of classroom-based teaching
and learning in a variety of educational
reform contexts.  She was the director
of the documentation component of the
QUASAR Project, a multi-year middle
school mathematics instructional
reform project.  The QUASAR research
provided measures of program imple-
mentation at each of the project’s six
middle schools with a focus on the setup
and implementation of mathematics
instructional tasks.  Based on this work,
Stein has published a series of studies
on mathematics reform and teacher
professional development in high-
poverty urban middle schools.

Stein’s current work attempts to
integrate the teaching and learning of
subject matter with the study of social
and organizational arrangements of

Copyright © National Academy of Sciences. All rights reserved.

Mathematics Education in the Middle Grades: Teaching to Meet the Needs of Middle Grades Learners and to Maintain High Expectations: Proceedings of a National Convocation and Action Conferences
http://www.nap.edu/catalog/9764.html

http://www.nap.edu/catalog/9764.html


R E S E A R C H  A C T I O N  C O N F E R E N C E  B I O G R A P H I C A L  S TAT E M E N T S 209

schools as institutions.  Currently, Stein
is Director of Research for the High
Performance Learning Communities
Project, a multi-year OERI-funded
contract to study the district-wide,
content-driven improvement strategy of
New York City’s Community School
District 2.

Stein has also been active in building
bridges between research and practice.
Along with Margaret Smith, Marjorie
Henningsen, and Edward Silver, she has
authored a casebook on middle school
mathematics instruction (Teachers
College Press, forthcoming) which
builds on the research findings of the
QUASAR Project.  Stein is also a Co-
Principal Investigator of an NSF-funded
project to develop mathematics instruc-
tional cases for professional development
of middle school mathematics teachers.

Sandra Wilcox is an Associate
Professor in the Department of Teacher
Education at Michigan State University
(MSU) and Director of the Mathematics
Assessment Resource Service (MARS).
She has expertise in mathematics

education and assessment, having
taught education classes at the univer-
sity level for twelve years and partici-
pated in several projects examining
assessment in mathematics.  She is a
member of the American Educational
Research Association (AERA), the
National Council of Teachers of Math-
ematics (NTCM), and National Council
of Supervisors of Mathematics (NCSM).
Wilcox received her Ph.D. in 1989.
Prior to her work at MSU, she taught
secondary mathematics in the Detroit
Public Schools.  She received the
Outstanding Dissertation Award at
MSU’s College of Education in 1990.
Wilcox is interested in the initial and
continuing professional development of
elementary and middle school teachers
and the role of new forms of curriculum
and assessment in fostering teacher
learning and teacher change.  She is
also interested in qualitative methods
instruction and in collaborative studies
of mathematics education reform with
regard to issues of equity and access
and the multiple context within which
reform exists.
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Deborah Loewenberg Ball is
professor of educational studies at the
University of Michigan.  Her work as a
researcher and teacher educator draws
directly and indirectly on her long
experience as an elementary classroom
teacher.  With mathematics as the main
context for the work, Ball studies the
practice of teaching and the processes
of learning to teach.  Her work also
examines efforts to improve teaching
through policy, reform initiatives, and
teacher education.  Ball’s publications
include articles on teacher learning and
teacher education; the role of subject
matter knowledge in teaching and
learning to teach; endemic challenges of
teaching; and the relations of policy and
practice in instructional reform.

Karen Economopoulos is a devel-
oper of Investigations in Number, Data
and Space, a K-5 mathematics curricu-
lum funded by the National Science
Foundation.  In addition to curriculum
development, she works extensively
with classroom teachers, administrators,
and school districts in the area of
curriculum reform.  She is a co-author

of Beyond Arithmetic: Changing Math-
ematics in the Elementary Classroom and
a former classroom teacher.

Joan Ferrini-Mundy is Director of
the Mathematical Sciences Education
Board and Associate Executive Director
of the Center for Science, Mathematics,
and Engineering Education at the
National Research Council.  She is on
leave from her position as a professor of
mathematics at the University of New
Hampshire, where she joined the faculty
in 1983.  She holds a Ph.D. in mathemat-
ics education from the University of
New Hampshire.  Ferrini-Mundy taught
mathematics at Mount Holyoke College
in 1982-83, where she co-founded the
SummerMath for Teachers program.
She was the Principal Investigator for
the National Council of Teachers of
Mathematics’ (NCTM) Recognizing and
Recording Reform in Mathematics
Education (R3M) project.  She served
as a visiting scientist at the National
Science Foundation from 1989-91.  She
chaired the NCTM’s Research Advisory
Committee, was a member of the
NCTM Board of Directors, and served

Biographical Statements for Speakers at the
Action Conference on the Professional Development of

Teachers of Mathematics in the Middle Grades
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on the Mathematical Sciences Educa-
tion Board.  Ferrini-Mundy has chaired
the American Educational Research
Association Special Interest Group for
Research in Mathematics Education.
Her research interests are in calculus
learning and reform in mathematics
education, K-14.  Currently she chairs
the Writing Group for Standards 2000,
the revision of the NCTM Standards.

John Moyer is currently a member of
the Department of Mathematics Statis-
tics and Computer science at Marquette
University in Milwaukee, Wisconsin.  He
received a B.S. in Mathematics and
Physics from Christian Brothers College
in 1967, an M.S. in Mathematics from
Northwestern University in 1974.  He
taught mathematics and physics in
Chicago area high schools from 1967-
1972.  He joined the faculty at Marquette
University in 1974, where he has taught
mathematics, computer science, and
mathematics education courses.

Since he has been at Marquette
University, he has received funding for
many mathematics education projects,
most aimed at improving the profes-
sional development of middle school
mathematics teachers.  Recent projects
include the Middle School Teachers’
Mathematics Project (MSTMP), 1986-
98; the Metropolitan Milwaukee Math-
ematics Collaborative (M3C), 1989-
present; the Mathematics and Science

Teachers’ Business and Industry Aware-
ness Project, 1989-present; the QUASAR
project, 1990-97; the Project for the
Improvement of Mathematics Education
(PRIME), 1991-96; Preparing for Alge-
bra Through Community Engagement,
1995-96; Rethinking Professional Devel-
opment Goals 2000, 1996-8; Leadership
for Urban Mathematics Reform, 1996-
98; Linked Learning in Mathematics
Project, 1997-present.

Mark Saul is a teacher at Bronxville
High School, New York.  He has taught
for twenty-eight years and has been a
Mathematics Adjunct Associate Profes-
sor at City College of New York for nine
years.  He is also Director of the Ameri-
can Regions Mathematics League
Russian Exchange Program.  He re-
ceived his Ph.D. in mathematics educa-
tion from New York University in 1987.
He was awarded the Sigma Xi Recogni-
tion for Outstanding High School
Science Teacher, Lehman College
Chapter in 1981, and received a
Westinghouse Science Talent Search
Certificate of Honor, 1980-1983.  He was
recognized with the Presidential Award
for Excellence in the Teaching of
Mathematics, NSF in 1984.  Saul is a
member of the NRC’s Mathematical
Sciences Education Board.  He has been
continuously active in professional
workshops, activities, presentations, and
has authored over twenty publications.
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Nanette Seago is currently the
Project Director for the Video Cases for
Mathematics Professional Development
Project, funded by the National Science
Foundation.  This past year she directed
the Mathematics Renaissance K-12
Video Pilot Study.  For six years (1991-
1997) she was a Regional Director for
the Middle Grades Mathematics Renais-
sance.  She has taught in kindergarten
and upper elementary grades as well as
mathematics at the middle school level.
She  authored the TIMSS Video
Moderator’s Guide for the U.S. Depart-
ment of Education.

Margaret Smith is an assistant
professor in the department of curricu-
lum and instruction at the Pennsylvania
State University.  She has an Ed.D. in
mathematics education from the
University of Pittsburgh and has taught
mathematics at the junior high, high
school, and college levels.  She was the
coordinator of the QUASAR project
between 1990 and 1997 where she
focused primarily on supporting and
studying the professional development
of project teachers.  She is currently
working in preservice teacher educa-
tion and is co-principal investigator of
COMET (Cases of Mathematics In-
struction to Enhance Teaching), a
project aimed at developing case
materials for teacher professional
development in mathematics.

Iris Weiss is President of Horizon
Research, Inc. in Chapel Hill, North
Carolina. Weiss has a B.S. in biology
from Cornell University, a Master’s in
Science Education from Harvard Uni-
versity, and a Ph.D. in Curriculum and
Instruction from the University of North
Carolina at Chapel Hill.  Prior to estab-
lishing HRI in 1987, Weiss was Senior
Research Scientist at the Research
Triangle Institute.  Her activities have
included directing several national
surveys of science and mathematics
teachers; evaluating a number of sci-
ence and mathematics education
projects and systemic reform efforts;
and providing technical assistance to
agencies and professional organizations
such as the National Science Founda-
tion, the American Association for the
Advancement of Science, the Council of
Chief State School Officers, the National
Council of Teachers of Mathematics, the
National Science Teachers Association,
and the Office of Technology Assess-
ment.  She is currently directing the
design and implementation of a 50-
project cross-site evaluation of NSF’s
Local Systemic Change Initiative.

Stephanie Williamson is the Assis-
tant Director for Mathematics of the
Louisiana Systemic Initiatives Program
(LaSIP), has been a mathematics
educator for twenty-five years, as an
elementary, middle, and high school
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mathematics teacher.  She has held
leadership positions in several of the
professional organizations of which she
is a member:  National Council of
Teachers of Mathematics (NCTM),
National Council of Supervisors of
Mathematics (NCSM), Louisiana
Association of Teachers of Mathematics

(LATM), and Louisiana Council of
Supervisors of Mathematics (LCSM).
Williamson’s primary responsibilities at
LaSIP involve coordinating statewide
mathematics professional development
programs.  She is currently a member of
NCTM’s Professional Development and
Status Advisory Committee.
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Appendix 3

CONVOCATION AND ACTION CONFERENCE PARTICIPANT LISTS

National Convocation on Mathematics Education in the
Middle Grades Participant List

Elaine Abbas
Mathematics Teacher
Alice Deal Junior High School
Washington, DC

George Abshire
7th Grade Mathematics

Instructor
Jenks 7th/8th Grade Center
Tulsa, OK

Lillie Albert
Assistant Professor
Boston College
Chestnut Hill, MA

Gordon Ambach
Executive Director
Council of Chief State School

Officers
Washington, DC

Scott Anderson
School Site Coordinator
New Orleans Public Schools
New Orleans, LA

Ann Bacon
Coordinator of Mathematics

K-12
Abington School District
Oreland, PA

Deborah Loewenberg
Ball
University of Michigan
Ann Arbor, MI

Wyomie Barlow
Shaw Junior High School
Washington, DC

Ann Bartosh
Mathematics Consultant
Kentucky Department of

Education
Lexington, KY

Hyman Bass
Professor of Mathematics
Columbia University
New York, NY

DeAnna Banks Beane
Youth ALIVE! Project Director
Association of Science-

Technology Centers
Washington, DC

Charlene Beckmann
Professor
Grand Valley State University
Allendale, MI

George Bennett
Duval County Public Schools
Jacksonville, FL

Sarah Berenson
Professor and Director, Center

for Research in Mathematics
and Science Education

North Carolina State
University

Raleigh, NC

Sandra Berger
Program Specialist
Eisenhower Consortium for

Mathematics and Science
Education

Tallahassee, FL

Donna Berlin
Associate Professor
Ohio State University
Columbus,OH

Catherine Bernhard
District Mathematics Specialist
Beaverton School District
Portland, OR

Fran Berry
Principal Investigator
Colorado State Systemic

Initiative
Denver, CO
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Betsy Berry
Middle/Secondary

Mathematics Coordinator
Maine Mathematics and

Science Alliance
Augusta, ME

Richard Bisk
Professor of Mathematics
Fitchburg State College
Princeton, MA

Benjamin Blackhawk
Mathematics Teacher
St. Paul Academy and Summit

School
Crystal, MN

James Bohan
K-12 Mathematics Program

Coordinator
Manheim Township School

District
Lancaster, PA

L. Carey Bolster
Director, PBS Mathline
Public Broadcasting Service
Laurel, MD

Margaret Bondorew
Associate Director,

Mathematics
CESAME at Northeastern

University
Boston, MA

Melissa Booker
Manager, Publications and

Special Projects
Association for Women in

Science
Washington, DC

Frances Bouknight
Director of Instruction
Lexington County School

District Three
Batesburg-Leesville, SC

Laura Brader-Araje
Doctoral Student
University of North Carolina,

Chapel Hill
Durham, NC

John Bradley
Acting Deputy Division

Director
National Science Foundation
Arlington, VA

Sadie Bragg
AMATYC, President
Vice President, Borough of

Manhattan Community
College

New York, NY

Teresa Bray
Teacher, Mathematics and

Science
Evergreen School District
Vancouver, WA

Lisa Breidenbach
Mathematics Teacher
Fairfax County Public Schools
Ashburn, VA

Eileen Brett
Principal, Holy Angels School

and Chair, Young Adolescent
Committee for the Diocese
of Trenton

Holy Angels School
Bordentown, NJ

Gregory Bridges
Mathematics Instructor
Jenks Public Schools
Jenks, OK

George Bright
Professor
University of North Carolina-

Greensboro
Greensboro, NC

Cynthia Broadus
P.R. Harris Educational Center
Washington, DC

Catherine Brown
Associate Professor
Indiana University
Bloomington, IN

Elaine Brown
School Site Coordinator
New Orleans Public Schools
New Orleans, LA

Linda Brown
Elliot Junior High School
Washington, DC

Blanche Brownley
Secondary Mathematics

Specialist
District of Columbia Public

Schools
Camp Springs, MD

Naida Brueland
Mathematics Teacher
Irving Middle School
San Antonio, TX

Suzanne Buckwalter
Teacher and Mathematics

Chair
University of Chicago

Laboratory Schools
Chesterton, IN

Ella Burnett
Associate Professor of

Education
California State University,

Long Beach
Long Beach, CA

Valerie Butler
Mathematics Teacher
Houston Independent School

District
Houston, TX
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Appendix 4
MARCY’S DOTS

Participant Handout

A pattern of dots is shown below.  At each step, more dots are added to the pattern.  The number of dots added at
each step is more than the number added in the previous step.  The pattern continues infinitely.

(1st step) (2nd step) (3rd step)

• • • •
• • • • • • •

• • • • • • • • •
2 Dots 6 Dots 12 Dots

Marcy has to determine the number of dots in the 20th step, but she does not want to draw all 20 pictures and then count them.
Explain or show how she could do this and give the answer that Marcy should get for the number of dots.

Did you use the calculator on this question?

Yes No

SOURCE:  National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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Sample student responses

1 2

3

4

5

6
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7 8

9

10

11

12
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Marcy’s Dots
1. To get participants involved in

thinking about content and learning,
have them solve Marcy’s Dots, a prob-
lem in the content area of algebra and
function from the 1992  National Assess-
ment of Educational Progress (NAEP)
Grade 8 Test.  About 20% of the test for
grade 8 assessed algebra and function,
and this is typical of an extended con-
structed-response question.

The following information might be
shared after or at an appropriate time
during the discussion.  Do not start off
with this but use it after people have
become engaged and come to some
conclusions about the problem and
about the ways students found their
solutions.  Only 6% of the students
provided a satisfactory or better re-
sponse; 6% provided a generalization;
10% made some attempt at a pattern;
63% provided inaccurate or irrelevant
information; and 16% did not respond.
(Remember that this test is a no stakes
test for students.)

2. Investigate Student responses.
Points that might be made in the

discussion:

Wrong answers usually occurred
because they had the wrong notion of
the pattern.

• Student 1 alternated between adding
4 and adding 6.

• Student 5 multiplied by 3 then by 2 as
the pattern.

• Student 7 multiplied by 3 then by 2.
• Student 12 increased by multiplying

by 2.

No recognition of pattern:
• Student 9 added the numbers in the

problems.
• Student 3 added 6, the last set of dots.

Right Answers:
• Student 2 used the pattern within the

pattern and the picture; wrote out all
steps (recursion).

• Student 4 used relation between rows
and columns and was able to general-
ize to a rule.

• Student 6 used relation between rows
and columns from picture and was
able to generalize to a rule.

• Student 8 used the pattern within the
pattern:  recursively adding two more
each time (4, 6, 8, ...)

• Student 10 focused on relationship
between rows and columns, wrote out
all steps (recursion).

• Student 11 used relationship numbers
and was able to generalize to a rule.

Facilitator’s guide for the Marcy’s Dots activity
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3. Discuss the problem from the
perspective of its role in the middle
grades mathematics curriculum. How
does the plenary session on content and
learning relate to the problem?  How
does the problem fit into the larger
picture of algebra and algebraic reason-
ing?  Why is it important for students to
recognize and be able to work with
patterns?

4. Hand out the excerpts from the
draft section of the middle grades
algebra section from “Principles and
Standards for School Mathematics:
Discussion Draft,” the Standards 2000

draft being prepared for dissemination,
comment and input this fall.  Provide a
few minutes for people to read the
excerpts.  How does the mathematics in
this task relate to the discussion of
algebra in the document?

Resources for Marcy’s Dots
Dossey, J.A., Mullis, I.V.S., & Jones, C.O. (1993).

Can students do mathematical problem solving?
results from constructed-response questions in
NAEP’s 1992 Mathematics  Assessment.
Washington, DC: National Center for Educa-
tion Statistics.

Kenny, P.A., Zawojewski, J.S., & Silver, E.A.
(1998).  Marcy’s Dot Problem.  Mathematics
Teaching in the Middle School, 3(7),  474-477.
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TABLE 2.11  National Results for Demographic Subgroups for the Extended-Response Task,
Marcy’s Dot Pattern, Grade 8

No Satisfactory
Response Incorrect Minimal Partial Satisfactory Extended or Better

Nation 16 (1.0) 63 (1.3) 10 (0.7) 6 (0.7) 1 (0.2) 5 (0.6) 6 (0.7)

Northeast 18 (3.2) 61 (3.2) 10 (1.9) 4 (0.7) 2 (0.5) 6 (1.8) 8 (1.6)
Southeast 20 (2.0) 64 (2.2) 9 (1.5) 3 (0.7) 1 (0.4) 4 (1.1) 4 (1.3)
Central 10 (1.5) 65 (2.1) 10 (1.4) 8 (1.4) 1 (0.4) 6 (1.1) 7 (1.4)
West 16 (2.0) 62 (2.8) 10 (1.1) 7 (1.8) 0 (0.2) 4 (1.1) 4 (1.1)

White 12 (1.1) 63 (1.5) 11 (0.8) 7 (0.8) 1 (0.2) 6 (0.8) 8 (0.9)
Black 24 (2.9) 67 (2.9) 6 (1.6) 2 (0.9) 0 (0.0) 1 (0.5) 1 (0.5)
Hispanic 28 (2.8) 61 (3.1) 7 (2.0) 3 (1.2) 0 (0.0) 1 (0.5) 1 (0.5)

Male 19 (1.5) 63 (2.2) 8 (1.0) 5 (0.9) 1 (0.2) 5 (0.9) 5 (0.9)
Female 13 (1.2) 63 (1.6) 12 (1.1) 6 (1.0) 1 (0.3) 5 (0.8) 6 (0.9)

Advantaged
Urban 8 (2.9) 62 (5.1) 10 (1.9) 6 (1.6) 1 (0.6) 11 (2.5) 13 (2.6)

Disadvantaged
Urban 32 (3.9) 59 (4.7) 4 (1.3) 4 (1.9) 1 (0.6) 1 (0.5) 1 (0.7)

Extreme Rural 16 (2.9) 69 (3.6) 8 (2.3) 2 (1.1) 1 (0.7) 4 (2.0) 5 (2.3)
Other 15 (1.3) 62 (1.5) 11 (0.9) 6 (0.9) 1 (0.2) 4 (0.7) 5 (0.7)

Public 16 (1.2) 64 (1.4) 9 (0.8) 6 (0.7) 1 (0.2) 4 (0.6) 5 (0.6)
Catholic and

Other Private 11 (1.7) 56 (2.7) 12 (1.6) 7 (1.2) 2 (0.9) 10 (2.2) 13 (2.0)

The standard errors of the estimated percentages appear in parentheses.  It can be said with about 95 percent certainty
that for each population of interest, the value for the whole population is within plus or minus two standard errors of the
estimate for the sample.  In comparing two estimates, one must use the standard error of the difference (see Appendix for
details).  When the proportion of students is either 0 percent or 100 percent, the standard error is inestimable.  However,
percentages 99.5 percent and greater were rounded to 100 percent and percentages 0.5 percent or less were rounded to 0
percent.  Percentages may not total 100 percent due to rounding error.

SOURCE:  National Assessment of Educational Progress (NAEP), 1992 Mathematics Assessment
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Appendix 5

DISCUSSION SESSION 1

Saturday, 11:00 a.m. - 12:30 pm

Content and Learning Issues

1. Read Marcy’s Dots and find a
solution.  How do you think students
might solve the problem?  What errors
do you think they would make?

2. Examine the student solutions.
What observations can you make?

3. Does the problem address an
important mathematical concept?
What mathematical areas are involved?
Should these areas be in the middle
grades curriculum and where?  What
mathematical knowledge would stu-
dents need to solve the problem?  How
might that knowledge be built in
grades K-6?  What follow-up activities
might be used to help students be
successful on such a problem?  How
does this problem connect to math-
ematics after grade 8?

4. Read the draft section on algebra
for the middle grades from “Principles
and Standards for School  Mathemat-
ics:  Discussion Draft.”  What does
Marcy’s Dots have to do with algebra
as content?

DISCUSSION SESSION WORKSHEETS

DISCUSSION SESSION 2

Saturday, 4:00 p.m. – 5:30 p.m.

Participant Sheet

Reflect on the videos you saw in the
plenary session and the panel discus-
sions that followed.  Think about your
reactions, particularly in light of the
focus points for the session.

What are the important characteristics
of effective teaching in the middle grades?
Of effective teaching of mathematics in
the middle grades?

How can instruction in middle grades
classrooms be organized to maximize
learning?  How can we tell when learn-
ing is happening?

What tools and strategies will make a
difference in how middle grades stu-
dents learn mathematics?

Observations:

DISCUSSION SESSION 3

Sunday, 10:30 a.m. – 11:30 a.m.

Participant Sheet
Certain issues are associated with

teaching and learning mathematics in
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the middle grades. These issues range
from how teachers are prepared to what
students do in the classroom to what the
system and community expects math-
ematics to look like in those grades.

As a group, what statements can you
make about each of the following
issues?  You might think in terms of:

• 3 areas of agreement
• 3 challenges/issues needing more

work.

Content and learning
mathematics in the middle
grades

In particular, as you think about the
issues surrounding content and learn-
ing, some of the points that might frame
your discussion are:

1. the role of number, specifically
rational numbers

2. algebra and linearity as a major
element in the middle grades

3. integration of mathematics con-
tent with other discipline areas

4. focusing the mathematics content
without eliminating important math-
ematics for middle grades students

Teaching in middle grades

In particular, what can you say about
successful teaching in the middle
grades and about successful teaching of
mathematics.  Some of the points you
might think about are teaching

5. for thoughtful engagement and
learning with understanding

6. competence without acceleration
and specialization

7. mathematics to young adolescents
8. preparation and certification for

middle grades mathematics teachers
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One of the few sources that math-
ematics educators, or policy makers,
have upon which to base judgments
about 8th grade is the data from the
National Assessment of Educational
Progress in Mathematics (NAEP).  This
federal large-scale assessment has been
collecting data about the mathematical
experiences of the eight graders (or 13-
year olds), as well as data on fourth
graders (or 9-year-olds) and twelfth-
graders (or 17-year olds), since 1973.
These random samples of the nation’s
students at these grade/age levels are
taken to provide a picture of the status
of mathematics education at critical
junctures in their schooling.

The national NAEP assessment, has
been given in 1973, 1978, 1983, 1986,
1990, 1992, and 1996.  There is a NAEP
Trend assessment that employs forms
of the 1973 examination to provide a
trend knowledge relative to basic skills
and knowledge in school mathematics
over time since 1973.  This test was

Appendix 6
BACKGROUND PAPER FOR THE CONVOCATION

What Is 8th Grade Mathematics:  A Look from NAEP
John Dossey

Mathematics Department, Illinois State University

given in the same years as NAEP, as
well as in 1994.

ACHIEVEMENT RESULTS

National NAEP Achievement
Results

What kind of picture do the results of
these assessments paint?  First, they
show that our eighth grade students
have made consistent progress over
time in mathematics.  The achievement
trend on national NAEP is split into two
sections, as the nature of the NAEP
assessment was changed in 1990 by the
National Assessment Governing Board
to reflect more open-ended problem
solving and to narrow the number of
different content areas in mathematics
that were to be assessed.  Since that
time, the assessment has focused on
student work in Number and Opera-
tions, Measurement, Geometry, Alge-
bra, and Data Analysis/Statistics/
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Probability.  The mean student scores
on the NAEP assessment from 1978
through 1986 were developed on ran-
dom samples of the nation’s 9-, 13-, and
17-year olds.  The results for 13-year-
olds showed a consistent picture, with
improvement for students in the last two
assessments given under the framework
(Dossey, Mullis, Lindquist, & Cham-
bers, 1988).  The scores for these
assessments are shown in Table 1.

Table 2 shows the scores for the new
NAEP scale for 8th graders initiated in
1990 with the first assessment to be
given under the new NAEP framework.
Note that the scores shown in Table 1
should not be compared with those

shown in Table 2 as they are from two
different scales, representing different
content and different formats of exami-
nations.  These results show a steady
and consistent improvement from 1990
through 1996.

An analysis of the scores in Table 2
indicate a strong and significant in-
crease in scores over the six year period
of time.  Comparing the increases to the
benchmark of 10 NAEP score scale
points equals one grade-placement level
of progress, the data suggest that the
nation’s eighth graders’ achievement
has increased essentially one grade
placement since 1990!  This is an indica-
tion of good things happening in the
school classroom (Reese, Miller,
Mazzeo, & Dossey, 1997).

NAEP TREND ASSESSMENT
RESULTS

One might look at the above results
and have a feeling that the improve-
ment in achievement is really only
since 1990, as there was a dip in 1978 in
the data and that we essentially made
up in 1983 and 1986.  Besides this,
critics of school reform and change in
mathematics education might also
indicate concern over the changed
nature of the test and feel that the
“basics” have been left out of the new
NAEP assessment starting in 1990

Table 1.  NAEP Trend Scores for 13-year-olds for
National NAEP: 1973-1986

Assessment Year 1973 1978 1983 1986
National Mean 266 264 269*t 269*t

*t indicates that the score is significantly greater than the score in
1978 at the 0.05 level.

Table 2.  NAEP Trend Scores for 13-year-olds for
National NAEP: 1990-1996

Assessment Year 1990 1992 1996
National Mean 263 268* 272*t

* indicates that the score is significantly greater than the score in
1990.
*t indicates that the score is significantly greater than the score in
1992.
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OTHER NAEP RESULTS

In addition to the achievement infor-
mation, the National NAEP program
collects information from the students
relative to their beliefs and demographic
backgrounds, from their teachers
relative to their instruction and their
education, and from their schools about
the organization and curriculum of the
school program.  These data permit the
description of the context in which
these students encounter mathematics
and the resources that they have as they
approach the study of mathematics.

Course Taking

Data from the 1996 NAEP assessment
indicated that 81 percent of the nation’s
eighth graders attended a school that
offered the study of Algebra I as an option
in the eighth grade curriculum.  Further,
the data indicated that 25 percent of the
nation’s eighth graders actually enrolled
in Algebra I as their eighth grade math-
ematics course.  The remaining students
either participated in a classroom where
mathematics was taught from an eighth
grade text from a basal K-8 curriculum
series (43%), participated in a prealgebra

Table 3.  NAEP Trend Assessment Scores for13-year-olds for Trend NAEP: 1973-1996

Assessment Year 1973 1978 1983 1986 1990 1992 1994 1996
National Mean 266 264 269 269 270*t 273*t 274*t 274*t

*t indicates that the score is significantly greater than the score in 1973 at the 0.05 level.

since it has been somewhat loosely
based on the NCTM Standards.

It was just this concern that the
Department of Education and NAGB
had in deciding at the inception of
NAEP to continually give the 1973
examination to random samples of 13-
year-olds over time as a measure of
change from a baseline examination.
This examination was, and is, heavily
grounded in paper-and-pencil skills and
knowledge that was considered basic in
1973, a period marked by “back-to-the-
basics” following the New Mathematics
of the 1960s.  Table 3 shows student
performance on this examination over
time.  Again note, one should not
compare the scale numbers for this
assessment with the previous two, as it
is a third different assessment.

However, the data here, together with
the two previous sets of assessment
data, suggest that the mathematics
achievement, be it on new content, or on
traditional content, is improving over
time (Campbell, Voelkl, & Donahue,
1997).  None of the assessment results
suggests that the “baby has been
thrown out with the bathwater” in the
move to reform school mathematics.
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class (26%), or were in some other form of
mathematics instruction (6%) (Hawkins,
Stancavage, & Dossey, 1998).

Calculator Usage

Data from the 1996 assessment
indicated that 80 percent of the nation’s
eighth graders have access to school-
owned calculators.  This percentage was
the same whether students were in
Algebra 1, prealgebra, or eighth-grade
mathematics.  No significant difference
was noted between the performance of
the students having and not having
access to school-owned calculators
(Hawkins, Stancavage, & Dossey, 1998).

Teacher Backgrounds

The teaching of eighth-grade math-
ematics falls between elementary and
secondary preparation in many states, as
few states have a special middle school/
junior high school certification level.
Data from the teachers of the students in
the 1996 NAEP sample indicated that 62%
of these teachers either had degrees in
mathematics (49%) or mathematics
education (13%).  The remaining teach-
ers either had degrees in education but
not mathematics or mathematics educa-
tion (32%), or had degrees in some other
discipline (7%).  Analysis of the student
achievement of the students of these four
groups of teachers by collegiate major
indicated that the students whose teach-
ers had degrees in mathematics outper-

formed the students of teachers whose
degrees were either in education (but not
mathematics education) or in another
discipline.  The students whose teachers
had degrees in mathematics education
had achievement scores that were not
significantly different from the achieve-
ment of students whose teachers had
degrees in either mathematics or educa-
tion/other discipline (Hawkins,
Stancavage, & Dossey, 1998).

Professional Development and
Knowledge of the NCTM
Standards

Eighth-grade teachers reported that
on average 26% of them had had less
than 6 hours of professional develop-
ment in mathematics during the past
year, 29% had from 6 to 15 hours of
professional development in mathemat-
ics during the past year, and 45% had
over 15 hours of professional develop-
ment in mathematics during the past
year.  When one considers that 15 hours
of professional development is less than
two working days’ time, one recognizes
that over half of the nation’s eighth-
grade students are being taught by
teachers who are receiving precious
little opportunity for growth in their
major teaching field.

Teachers were also asked about the
level of knowledge they felt they had of
the NCTM Curriculum and Evaluation
Standards for School Mathematics
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(NCTM, 1989).  The teachers of 16% of
the students said that they felt they were
very knowledgeable, 32% were knowl-
edgeable, 33% somewhat knowledgeable,
and 19% reported having little or no
knowledge of the Standards.  Analysis of
the mean achievement scores of students
related to these four groups of teachers
indicated that students of teachers who
reported being knowledgeable or very
knowledgeable of the Standards per-
formed significantly higher than those of
teachers reporting little or no knowledge
of the Standards.  However, one is unable
to determine the cause for this difference.
It may be in hiring practices of districts, or
that some districts have more resources,
give more professional development, or
pay higher salaries (Hawkins, Stancavage,
& Dossey, 1998).

Performance in Content Sub-
Areas

When students’ achievement work is
examined by content sub-areas, their
performance in each area showed a
significant increase from 1992 to 1996.
The sub-areas and 1996 achievement
scores for each are as follows: Number
Sense, Properties, and Operations
(274), Measurement (270), Geometry
and Spatial Sense (269), Data Analysis/
Statistics/Probability (272), and Algebra
and Functions (273).  Like the results
from TIMSS, the lowest performance
areas were Geometry and Measurement

(Mitchell, Hawkins, Jakwerth,
Stancavage, & Dossey, 1999).

Item Types and Special Studies

The items in the 1996 NAEP were
approximately distributed as follows:
55% multiple choice, 38% short student
constructed answer, and 7% extended
student constructed answer format.
Overall it was expected that students
would have spent about 40% of their
response time working on items that
called for student constructed re-
sponses of one type or another.  Results
of the testing showed improvement on
students’ abilities to construct answers
to questions in 1996 over prior years.
This was an indication that communica-
tion and reasoning are playing greater
roles in classroom assessment pro-
grams across the nation.  However,
when one looks at the results of student
performance on extended student
constructed response items, graded by
a 5 point rubric, one sees that there is
still considerable room for improve-
ment, as few students achieved the
highest levels of score on these items.

As part of the 1996 assessment,
eighth-grade students were also given a
block of items where the context for the
block was common, although the actual
items were locally independent—that is,
no item’s answer depended on the
answer to another item.  Student perfor-
mance on these items, including the
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extended constructed response items
tended to be slightly higher than that on
similar format items in the regular
NAEP.  This may indicate that the
changing of contexts within regular
NAEP from item to item may slightly
suppress student performance levels, or
alternatively, maintaining a context
helps students develop a positive focus
(Hawkins, Mitchell, Stancavage, &
Dossey, in press).

Summary

While this is but a brief overview of
teh eighth-grade results from 1996
NAEP, these data and results provide a
gestalt for the context and nature of
eighth-grade students’ achievement
patterns at present.  A thorough reading
of the NAEP reports will provide an
even more complete picture of eighth-
grade mathematics in the United States
today.
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