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What if Less is Just Less?

,degcribed above,
students were asked to s around the principle,

“less is more.” Some of their responses:

“Rather than just knowing what to move around, or what to
plug into where, looking deeper into a topic helped me un-
derstand, and 1 still remember how things worked and why.
An example would be the parabola project I worked on with
Nick and Kendall, actually making a parabola, and seeing
how it should work made the whole concept very clear to
understand.” -Meaghan Morrissey, current student

“I still find myself remembering the things we covered over
the past two years...because of how long we spent on

the topics and the projects we did on them.” -Chris Foster,
current student

“The concept of “less is more” helps me understand a con-
cept, because it allows for more time to study a topic and un-
derstand exactly why what happens works, This knowledge
in turn made it easier to learn later concepts and processes,
for if you know a prior yet related concept the newer one is
understood that much easier.” -Durrand Michalewicz, cur-
rent student

Calculus at NCCES “made my calculus class here that much
casier, the first part of the course was pretty easy anyway,
but once we started getting into real calculus it seemed much
more of a review than I thought it was going to be. I realized
we'd covered more with you than I'd thought...especially
since my roommate was in cale 2 and I'd seen some of what
they were doing...I think the best thing about your math
class was that it was more traditional than I'd seen before at
charter schools (Parker and NCCES) but still non-tradition-
al enough to incorporate the essential school philosophy and
allow us to do fun activities/generally have fun.” -Kristin
Harrington, student at St. Lawrence University

“T'he calculus class really prepared me for college. I tested
out of calculus one at MCLA, it’s crazy! And the roller
coaster project was really visual, which helped a lot.” -
Meghan Ekwall, student at Massachusetts College of Liberal
Arts

teacher- created school-wide structures that tran-
scended particular disciplines. School-wide Habits
of Mind (perspective, evidence, relevance, reflection,
connection, and supposition) along with consistent
assessment tools provided the needed support for
the mathematics program to take root. Each course
was guided by a unique essential question (E.Q.)
that reflected mathematical processes that teach-

ers and students valued; although general in nature,
these questions provided a map for understandings
teachers wanted their students to develop (e.g., 10th
grade E.Q.: “How do relationships provide evidence

to justify conclusions?”) The design of each course
included outlines of quantitative skills and relevant
topics that would help students respond to the E.Q.
Direct instruction, routine problems, and more exten-
sive activities and projects constituted classroom activ-
ity, generating the tools students needed to explore
three mathematical processes through the school-wide
Habits of Mind.

The three processes we deemed essential, math-
ematical modeling, mathematical proof, and problem
solving, gave shape and direction to the larger-

scope projects that would be portfolio-eligible.
Mathematical modeling guided students in finding
explanations for relevant phenomena by simplifying
a real-world situation using mathematical representa-
tions. Through this work, students tested their ideas,
determined limitations of their model, and extracted
useful results that could inform the original problem.
The language of the school-wide habits played a
central role in analyzing their models (e.g., supposi-
tion: What might happen if we make a small change in
one of the variables?).

The proof strand consisted of providing students
opportunities to justify their ideas using formal math-
ematical language. Although the design of possible
‘proof’ portfolio pieces required more teacher guid-
ance, students learned how to make claims from
observed patterns and logically organize information
to determine the truth of each claim; students pieced
together a valid argument from internalized math-
ematical knowledge.

Finally, the problem-solving strand complemented
the other two as it was more directed than a model-
ing piece, yet still left room for student creativity and
exploration of various approaches. These problems
helped students move from pattern recognition and
testing particular cases to generalization. The Habits
of Mind continued to support student learning,
helping students make connections from one problem
to another or extend ideas to more complex situations.

North Central Charter Essential School: Learning
Levels

The mathematics curriculum structure at NCCES
reflected a progression of the work begun at New
Mission, with the three mathematical processes
described above guiding the framework. Giné, the
math team leader from New Mission, brought the
framework in use for further development at the
young Essential school in Fitchburg. In turn, the
mathematics team at NCCES, all new to the school
that year, had the opportunity and challenge of imple-
menting this framework while further developing it
within a different context. Rather than using Habits
of Mind to guide classroom activity and student prog-
ress, Learning Levels were written to trace possible




learning paths for students during their six-year
experience at the school (the school serves grades

7 through 12). The Learning Levels would provide
consistent language for teachers designing their
courses and eventually for student use in identifying
their own meta-cognitive processes. Originally devel-
oped by the school leaders, Peter Garbus and Melanie
Gallo, and by founding teachers, such a progression
was already in existence for all disciplines but needed
revision within the area of mathematics.

The math faculty created eight categories of math-
ematical processes we deemed necessary in attaining
quantitative literacy as defined above: visualizing,
working with graphs, measuring, estimating, using
notation, formulating conjectures, proving, and
modeling, These processes were applied in the devel-
opment of learning tasks based on mathematical
modeling, problem solving, and deductive/inductive
reasoning. Thus, the three revised curricular elements
inherited from New Mission were used to describe
actual learning activity, such as class problems, activi-
ties, and projects through which students applied
concepts and skills at an appropriate learning level.
The courses were also designed to help students prog-
ress at their own pace in each learning level area. We
created five levels of Integrated Math classes with
guiding essential questions and course content used as
vehicles for development of essential understandings
reflected in the learning levels and in the three greater
mathematical goals. Although in theory students
needed to meet Learning Level 4 expectations in

_ WO, a ‘three dimensional shapes

interact (c.g‘, mwauga:e wlume by fitting contents of one ob-
ject into others; submerge irregularly shaped objects in water
and measure displacement)

o Understand relative size: compare lengths, areas, and volumes
o Use appropriate units in respective dimensions

Level 2

Same as Level 1 and:

o Understand inherent relationships within the same object
(e.g., Pythagorean Theorem for right triangles)

2 Understand relationships among properties of objects (e. B
discover how many cones fit within a cylinder with the same

height and base)

o Measure angles

What Iif Less Is Just Less?

order to graduate, we offered a Statistics course and
a Calculus course guided by Learning Level 5 to help
students understanding extend further.

Continued on next page

Level 3
Same as Level 2 and:
o Represent measurements of objects using equations

o Solve problems and explore applications using formal
equations

o Measure unknown quantities indirectly (e.g., using triangles
& similarity)

o Apply understanding of length, area, volume, etc. to real-
world problems

o Use significant digits when calculatin_g error in measurement

Level 4

Same as Level 3 and:

o Justify mathematical expressmns of measurement (e.g., for-
mulas for volume of cone, area of triangle)

o Measure indirectly (e.g., using trigonometry)
Level 5
Same as Level 4 and:

o Make a conjecture based on observations and use a logical
argument to prove it



What If Less Is Just Less?

Above is a sample of the progression outline for
“measuring,” one of our eight learning levels for
mathematical reasoning,

Francis W. Parker Charter Essential School: Criteria
for Excellence

Authors Diane Kruse and Roser Giné currently teach
at Parker. The mathematics curriculum at Parker is
embedded in the six-year integrated Math, Science,
and Technology program. During the first four years
(Divisions 1 and 2), students all experience the same
core curriculum in two-hour classes team-taught by
a math and science teacher. In the final years of the
program (Division 3), students take separate one-hour
courses selected from a range of courses that allow
them to make some choices based on their future
goals. Approximately half of all graduates take calcu-
lus each year.

The organizing conceptual framework for Parker’s
math program is deceptively simple: as they progress
through the Divisions, students indicate their readi-
ness to move from one level to the next by demon-
strating increased sophistication in the two areas of
Mathematical Problem Solving and Mathematical
Communication. Throughout the program, students
demonstrate their ability to meet standards in these
areas through their pcrfurmancc on messy, open-
ended tasks that require creative thinking, application
of concepts explored in class, and clear communica-
tion of the process involved in solving the problem.

In Division 1, Parker’s middle school students tackle
regular Challenges of the Week (COWs) that relate to
both the math and the science content being explored
in class. As problem solvers, students at this level are
learning to make connections between the disciplines,
and to be persistent when a problem takes more than
one day to solve. Classroom activities and instruc-
tion are designed to foster a spirit of inquiry, as well
as to provide practice with some of the underlying
skills and content that students are learning. Over the
course of two years, students improve their ability

to organize data in several forms and to find patterns
and trends in that data that tell a story. They begin
using a]t,,cbm, diagrams and other strategic approaches
to organize what they know and figure out what to
try next. They start to develop the habit of finding
more than a one-solution approach to a problem.
The emphasis on communication at this level is
primarily on fully explaining the solution process,
showing all work, and answering all questions fully
and completely. While they are learning some of the
conventions for formal mathematical communication
(particularly the use of graphs, charts, and tables),
students at this level may still be quite wordy in their

discussion of a problem, since their thinking is more
concrete and the emphasis is on getting all of what is
in their heads down on paper.

In Division 2, students formalize their study of
algebra and geometry and learn more techniques

for data analysis in the context of their science

work. Assessments are more varied and may include
problems of the week, major projects, and in-class
academic prompts. Problem solving in Division 2
demands a greater level of algebraic thinking and
abstraction, and students are expected to use multiple
approaches to verify their solutions to problems.
Mathematical communication becomes more formal as
well, as students start paring their wordy discussions
into more efficient symbolic explanations, and shift
their tone from first to third person. In particular,
students develop a deeper understanding of the use of
variables, both for problem solving and for effective
communication.

By Division 3, students are ready for a great deal of
abstraction. They are expected to approach any math-
ematical problem solving task with a clear and system-
atic approach, where they frame and organize what
they know, make connections to content and tech-
niques that may prove useful, carry out a solution to
the problem, then verify their work, sometimes with
formal proofs. Communication at this level is highly
technical, using all of the conventions of the discipline
to be clear, concise, and efficient. Students edit, revise,
and proofread their work to ensure the appropriate
level of formality.

What does this look like in practice?

Division 2: Disease Unit

The Disease Unit at Parker consists of an eight-week
learning experience guided by three essential ques-
tions:*

How can we quantify non-constant change?

How can we use mathematical models to gain infor-
mation about a particular phenomenon?

How can we model the spread of an epidemic? Why is
this useful?

The initial generative task was to investigate the inter-
action between sickle cell anemia and malaria, using a
two-week whole class investigation (source: “A Study
of Sickle Cell Anemia: A Hands-On Mathematical
Investigation,” by Rosalie Dance and James Sandefur,
1998; project supported by the National Science
Foundation). This class activity introduced students
to non-constant change, exposing them to functions
beyond linear and forming a bridge into exponential.

*Several learning tasks within this unit were developed and used at New Mission and NCCES

.



Students simulated births from a parent population with
a given proportion of normal alleles and mutant alleles
(sickle cell) in an environment where malaria is a risk;
determining conditions were also provided, yielding
distinct proportions of sickle cell and malaria survivors.

The initial goal for the class was to find a function
that models the situation described using introductory
probability theory. Subsequently, students searched
for an input value that could maximize the total
number of survivors,

We found this activity to be rich with essential math-
ematical ideas that would exercise students” ability

to construct a2 math model from a realistic situation
and would yield many possible natural connections

to a Humanities curriculum. Classes at NCCES and
at Parker engaged in this work, and students found
different entry points given their individual cognitive
skills, while coming together through classroom activ-
ity. This served the populations of both schools well,
as each had heterogeneously grouped classes. Thus,
some students who had experience with quadratic
functions applied their function notation skills and
their algebraic skills to generate the quadratic equation
and explore changes in initial conditions, while first-
year students used technology to inform their models.
All students were able to experience aspects of proba-
bility theory and connections to genetic diseases, both
topics of study receiving an in-depth focus during the
next curricular year.

Through activities, direct instruction, collaborative
work, and oral presentations, the rest of the unit facil-
itated student development of algebraic skills particu-
lar to exponential functions while applying modeling
processes to different situations. The final part of

the unit focused solely on modeling and introduced
students to regression and to methods used to deter-
mine the predictive value of generated models (i.e.,
residuals, correlation coefficient, residual plots).

The culminating learning task and assessment was
modified from a similar task initially developed at
New Mission, with changes implemented at NCCES.
This involved modeling the growth of an epidemic,
interpolating or extrapolating from the data using
best-fit curves, and analyzing error from regres-

sion. Finally, students used mathematical language to
communicate their findings, either through a struc-
tured report or through a news story set in the time of
the disease’s greatest impact.

The disease unit combined routine problems mixed
with directed problem solving to support student
exploration of messy problems in more realistic
settings. Although the time spent on this unit was
significant, students walked away from the experi-
ence with a clearer sense of the power and practice of
mathematics.

What If Less Is Just Less?

Division 3: Trigonometry and Geodesic Domes

The Geodesic Dome project has become an annual
event in Parker’s spring semester trigonometry course.
After learning the foundations of right triangle trigo-
nometry and connecting that knowledge to the unit
circle and the trigonometric functions, students wrap
up the semester by examining what happens when we
try to apply trigonometric relationships to non-right
triangles.

This unit is a critical example of one of the ways that
“less is more” plays out in Parker’s program. The
basic new content of the unit, the Law of Sines and
the Law of Cosines, can be derived and demonstrated
in a few brief lessons, and with some practice and
application problems, students could be finished and
on to new content within 2 week. However, Parker
students spend four weeks designing and constructing
geodesic domes, working with the essential question:
How can we use right triangle and non-right triangle
trigonometric techniques to design and construct a
geodesic dome?

To build a geodesic dome, the equilateral triangular
faces of a tetrahedron, octahedron, or icosahedron are
divided into smaller networks and the vertices of that
network are “popped out” to make a rounded figure.
For example, a 2V network would find the midpoint
of each side of the equilateral triangle (dividing it

into two sides), and those midpoints would pop out
to form a rounded edge. As students conduct this
investigation, they learn about the Platonic solids

and prove why there are only three different solids
that can be built from equilateral triangle faces. They
learn that all of the Platonic solids can be circum-
scribed, and solve the problem of how the radius of
the circumscribing sphere relates to the edge length
of each solid. They revisit geometric conventions for
naming figures in a diagram, and realize the need for
careful naming of each part of their diagrams as the
figures quickly become complex (students are visual-
izing multiple cross-sections of the three-dimensional
solid as they attempt to “bump out” different parts of
the faces to make a dome). And every step of the way,
students are repeatedly searching for triangle relation-
ships — right and non-right — that will allow them to
carry out the necessary calculations for building their
domes.

The challenge of building a dome is deceptively
simple, which allows students to really dig in as
problem solvers who need to communicate clearly. As
teachers, we can then observe in depth our students’
ability to respond effectively to a complex, multifac-
eted task. We have found that this project appeals to
students on different levels. Some students are drawn
to the problem solving, while others appreciate having

Continued on next page
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physical models in front of them and are motivated to
create something interesting or beautiful.

The Dome project has the added benefit of being easy
to differentiate. Almost every student at Parker takes
trigonometry, including students on special educa-
tion plans and students who will not take calculus.
Students who have a tough time visualizing can build
domes with the octahedron as a base, taking advan-
tage of the many familiar right triangles in the form.
Students who need more time to complete a project
can work with a simpler 2V or 3V network on the
triangular face. Students who need a challenge can
subdivide the equilateral triangle face into as complex
a network as they like (the current record is seven), or
work with a more complex design.

Division 3: The Roller Coaster Project

The Roller Coaster Project was implemented at
NCCES within the school’s first Calculus course and
a revised version was used as a first semester Calculus
culminating experience at Parker. Both courses, taught
through a deductive reasoning approach in which
students are exposed to formal proofs when feasible
and on occasion are asked to construct their own,
were guided by the following essential questions:

1. How can we uncover the concept of ‘closeness’
using mathematical language?

2. How do we make sense of and quantify non-
constant change? What does this allow us to do that
we couldn’t do without Calculus?

3. What is the connection between definite integrals
and the derivative? How is it relevant? (“How
is it relevant?” is Parker’s school-wide Essential
Question for the academic year 2006-2007.)

The project was used to help students refine their
understanding of the derivative and its power in opti-
mization problems (source: “Interactive Web-Based
Caleulus Projects at Hollins University: Area of U.S.
States and Roller Coasters”, by Julie Clark and Trish
Hammer; website: www1.hollins.edu/depts/math/
hammer/coaster).

Students used toy coaster models to create their own
paths, with the goal of maximizing a determined
“thrill” function based on height of path and angle

of steepest descent (for this, both first and second
derivatives are applied). The project cited used more
sophisticated mathematics technology, yet without
access to MAPLE (a highly specialized mathematics
software tool), our Calculus classes were nevertheless
up to the challenge of creating a coaster and proceed-
ing with analysis of physical models. With encour-
aged peer collaboration, groups of students were
given coaster kits and the freedom to design a chosen
coaster path given the limitations inherent in the
materials (an extension to this project includes mini-

mization of materials or cost as an additional optimi-
zation problem). Different groups had varied levels o
of success with the physical model; getting to the
mathematical concepts underlying the problem proved
to be a frustrating process for some and a highly
engaging process for others. Students who were more
comfortable solving problems with one set solution
encountered moments of anxiety that pushed them

to learn from the strength of others. Simultaneously,
those who preferred active learning tasks were chal-
lenged to formalize their processes using mathematics
by tapping their peers’ expertise. Multi-directional
learning relationships evolved within a small space
saturated with toys.

Creative use of technology also emerged from the
collaborative work. The project assignment spawned
purposeful use of TI graphing calculators and
Geometer’s Sketchpad. For instance, some groups
uploaded digital photos of their toy coasters and used
regression to model the paths. Subsequently, calculus
was used in the analysis.

This project asked students to apply the ideas learned
through class work, homework, and other learning
tasks to a problem that depended on flexible applica-
tion of the mathematical processes embedded within
a first-semester Calculus course. Three weeks at the
end of the semester were dedicated to this work, as
students constructed their coasters, used technology
to find best-fit curves, and applied differentiation
techniques to optimize a function. Our sense and
experience is that within a more traditional Calculus
course, students would have moved faster with the
material, leaving review time at the end of the year for
an end-of-year exam or for the Advanced Placement
test. Although both approaches are indispensable
with respect to particular course goals, a project of
this scope is valuable because it teaches students how
to apply what they’ve learned in a relatively authen-
tic way, and because it broadens classroom activity.
Students take ownership of the work, seeing first-
hand that people learn in different ways and most
important, experimenting and persevering in a safe
environment. NCCES students as well as Parker
students are still given the opportunity to take the
Advanced Placement test for possible college credit;
test preparation is then given additional time, either
during school hours, or after school.

Conclusion

In Essential schools, teachers walk a fine line as they
attempt to be true to the principle “less is more”
within their mathematics programs while ensuring
that students are quantitatively literate and prepared
for both informed participation in our society and
careers within science or mathematical fields. We
have found ways to do “less” by organizing content




around essenuial questions, and articulating goals for
mathematics instruction that transcend the particu-
lar content being studied and instead reflect broader
skills and mathematical ways of thinking. This is not
without its costs; we know that an observer in our
classrooms might see fewer exercise sets and fewer
course choices, as well. We worry that our students
are less facile with algebraic manipulation and that
some routine procedures are less automatic than we
would like, and we continue to work on building
these component skills into the programs of study
we design. It is incumbent upon us to ensure that
students obtain needed support in internalizing such
routines so that they can become more flexible in
concept learning and application. However, students
in these programs experience the same critical math-
ematics content as their peers in traditional math
programs, and we would argue that they experience
this content in ways that engages them deeply and
allows them to make more of their mathematics expe-
rience.

The kinds of mathematical processes that we have
observed in development within our students, along
with student products from performance assessments
such as the ones described here corroborate our belief
that through our programs students are:

1. Transferring mathematical skills and knowledge to
non-routine problem situations

2. Developing a meta-cognitive awareness that allows
for conscious access of relevant information

3. Internalizing the process of justification

4. Using the language of mathematics to communicate
and build upon their ideas.

Although the current standards-based initiative poses
a challenge, particularly within schools that have

an urgent need to raise test scores, it also provides

us with an opportunity to analyze the work we are
doing and justify it as we remain accountable to our
students.

Roser Giné (rginel6@gmail.com) has taught mathematics
at the high school and college levels for fourteen years, and
has led the math departments at both New Mission and
NCCES. She currently teaches mathematics in Divisions 2
and 3 at the Parker School. Roser is currently working on
her docroral dissertation at the University of Massachusetts
in Boston through its Leadership in Urban Schools
Program. Her focus is on Calculus classroom activity that
fosters development of higher-order mathematical thinking
skills in urban high school students.

Diane Kruse (dkruse@parker.org) is the Domain Leader for
Math, Science, and Technology at the Parker School where
she is also currently teaching in Divisions 2 and 3. Her
twelve years of mathematies teaching have included time in
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traditional public school environments, alternative schools

for students at risk, and an international school in Brussels.
Diane is interested in finding ways to make math relevant,

interesting, and accessible for zll students.
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Discourse Time!
Developing
Argumentative
Literacy in the Math
Classroom

by David 1. Singer

Mike Schmoker, author of Results

Now, articulates that “generous

amounts of reading, writing, and argu-

ment are all essential to the development of
truly literate and educated students.” Moving
this perspective of literacy to the world of math-
ematics, we may define a numerically literatc person
as someone who is able to read, write, and arguc with
numbers, or more important, mathematical concepts
and ideas.

Since the start of my career as math educator, ['ve
been committed to the idea that reading and writing
in the math classroom are essential, Cross-content
literacy efforts, which are school-wide practices
mmany cases, have been ingrained in my beliefs
around supporting student success. However, such
efforts, though meaningful and valuable, have failed
to consider the concept of argumentative literacy; the
idea that students must be able to share ideas, listen
to alternative perspectives, develop counter-argu-
ments and transform their own thinking as well as
those around them. Reading and writing comprise
two pieces of the literacy puzzle; without argumenta-
tive literacy, a person may find him or herself to be
illiterate. As Gerald Graff states “ Argument literacy
is central to being educated. It grants access to forms
of intellectual capital that have a lot of power in the
world.”

The purpose of the following text is to describe
Discourse Time (D.T.), a teaching practice that aims
to integrate argumentative literacy, the third piece

of the literacy puzzle, into our math learning envi-
ronments. Snapshots from a tenth grade classroom

at Skyview Academy High School in Thornton,
Colorado will be used to paint a vivid picture of what
D.T, looks and feels like in addition to the way it
ampacts student learning,

Discourse Time!

“We can’t argue math, Mr. Singer. It’s true, it’s
specific,” insisted Taylor. “Are you sure? I really
think we can.” “How can you? There’s nothing to
argue about. There’s no side to take,” she responded.
“Are you positive about that? Do you really think
we can’t argue mathematics?” Taylor and 1 continued
to debate for a little while until I finally pleaded with
her to give me a chance at proving her wrong. “Fair
enough,” she said, “prove me wrong.” With our unre-
solved argument lingering, I introduced my class to
the idea of mathematical discourse.

Having just visited an amazing humanities classroom
a day carlier, I took some time to describe what I had
seen to my students. “For a half an hour, six kids in
the class ran the show. They completely owned the
classroom. It was awesome. Mr. Munoz, their teacher,
provided them with a few questions to guide their

Skyview Academy High School opened in 2005 as a

new small Essential school focused on discussion-based,

topic-directed learning for all of the core content areas,

project-based learning, and advancement and gradua- '
tion by portfolios and exhibitions. Currently serving

300 students in grades nine through eleven, Skyview

Academy’s first senior class will graduate in 2008.



discussion, but other than that, the whole thing was
student-centered. They were debating about what
kind of person Christopher Columbus was and using
all sorts of reference documents, his journals, pictures,
history books, whatever else, all in attempts to
support their positions. The cool thing -
to students call each other out. Like, wha ‘
you have to back that up? Prove it! Yo
- you've got no support! Anyway, it was really excit
ing to watch, and I want to make that learning envi-

ronment a regular part of our class.”

“Aren’t you proving my point, Mr. Singer?” chimed
in laylur. “We argue and debate in social studies all
the time. That subject’s set up for that kind of thing.”
“So is math!” Seizing what seemed like a teachable
moment, I couldn’t help but share my strong opinion
on the matter. “Do you really think the rules we use
today, the math that we take for granted, was accepted
right away? Do you think that other mathematicians
just looked over an idea, said okay, sounds good to
me, and accepted it as fact? Absolutely not! They
argued and debated; they pounded their fists on tables
in an effort to emphasize their points. That’s what I
want you guys to do...pound your fists on tables!”

“You want us to pound our fists on tables?” ques-
tioned Omar in a confused manner. “Yes! I want
you to get excited about math, I want to give you a
chance to really experience what it’s like to be math-
ematicians with one another. If that means pounding
your fists on tables, then so be it.” And thus the birth
of Discourse Time, a once a week ritual that finally
invokes the spirit of a quote I’ve had hanging on my
wall for over two years, “You have no right to no
opinion.”

How does Discourse Time Work?

“Unlike casual conversation...discourse requires a
combination of both reflection and action. That is,
during the exchange of ideas, participants attempt
both to gain insight into the conceptions of others

and to influence them” write Azita Manouchehri and
Dennis St. John in Mathematics Teacher. That's what
D.T. is all about: students sharing their ideas, listening
to others, and transforming the way they think about
mathematics.

CES cofounder Deborah Meier recognizes this belief
ter ite fullacr. “Tnrallastial avgumant wiae acdailsy faaona
of life at her school, Central Park East Secondary
School. For Meier, argument and discussion provide
perhaps the best opportunity for kids to become criti-
cal thinkers, for us to help them see the power of their
ideas,” writes Schmoker of her work in Results Now.
In a democratic school grounded in the ten Common
Principles, it's essential for our math classrooms to
encourage and support students in sharing their voice.

Discourse Time!

That’s why discourse is so important. Now here’s
how to make it happen.

Where Should Discourse Happen?

The ideal physical environment for D.T. is a large
table around which five to seven students can sit, a
dry erase board next to the table for those engaged to
present ideas, and a circle of chairs on the outside for

the remaining students and teacher to observe.

What Do the Students Directly Involved in the
Discourse Do?

The students directly involved in the discourse collab-
oratively attempt to solve a problem. This isn’t the
sort of problem that has a clear right or wrong answer,
nor is it the kind of problem that students could
tackle alone at their desks. It’s the kind of problem
that forces students to use their minds well. This is the
kind of problem that lies directly inside of psycholo-
gist Lev Vygotsky’s zone of proximal development.
As described by Jeff Wilhelm, this learning “zone”

is defined as “anything that the child can learn with
the assistance and support of a teacher, peers, and the
instructional environment.” The beauty of D.T. is that
it relies heavily on the “peers and instructional envi-
ronment” components of Vgotsky’s zone and far less
on the “support of a teacher” component. Our CES
principle of “teacher as coach, student as worker” is

Related Resource

emphasized in Discourse Time as the ownership of
learning is placed heavily on the students while the
teacher becomes a facilitator of thinking.

In his text Comprebending Math, Arthur Hyde makes
a succinct and highly enlightening point. “What do I
do?” is the right question for kids to ask when attack-
ing a challenging problem in mathematics. However,
they’ve been asking the teacher when all along, they
should be asking themselves. D.T. puts this research
into practice in the math classroom.

Continued on next page
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The problem selected for D.T. should be directly
related to the essential learning taking place in class.
The experience should act as another opportunity for
students to engage in developing their understanding
of the formal learner outcomes that have been estab-
lished. This provides the teacher with another oppor-
tunity for formative assessment as she may examine
what her students know and are able to do within the
essential learning being explored in class.

How Do the Students Sitting at the Table Know What
to Do?

Creating a set of expectations that the entire class is
both comfortable and familiar with is crucial to the
success of Discourse Time. Students participating in

D.T. must feel safe in order to take mathematical risks.

A scoring system, such as the one outlined below, is
a great way of emphasizing what the expectations are
and what is truly valued during D.T. Collaboratively.
creating the scoring system with students in advance
of getting involved in a D.T. gets the whole class
thinking and discussing what is valued in this activity.
Here's how it might look:

- States an opinion relevant to the problem

(1 point)

- Draws another person into the discussion
(1 point)

- Makes a connection — doesn’t have to be math

based (1 point)

- Supports an opinion with factual evidence
(1 point)

- Asks a question that moves the discussion -
pushes the group’s thinking (2 points)

- Proves someone else’s opinion with evidence
(2 points)

- Takes away from the value of D.T. (- 1 point)

While “right and wrong” answers have nothing to

do with the scoring system; providing evidence to ’
support your position is a “2-pointer.” The scoring

system may be revised to meet the needs of any class-

room, but should emphasize the core values of the

class it is serving. In the end, teachers should examine

the agreed-upon scoring system through the lens of

the following question, what kind of message does

this send to the participants?

What Do the Students Sitting Outside Do?

The students outside of the D.T. can have many
different jobs. In the D.T. currently going on in my
classroom, there are two roles. The first is to act as a
scorer for a student in the middle. If six students are
participating in D.T., then there are six scorers sitting
on the outside, each assigned to a D.T. participant.
Having the scorers sit directly across from the student
they're evaluating helps ensure that they may not
only hear what students are saying, but also see what
students are doing. Simple tally marks documenting
when each item on the score sheet is being addressed
makes the process fairly easy to follow and also
promotes students on the outside to be active observ-
ers.

A second job for the remaining outside observ-

ers may be to record a double entry journal. One
heading focuses on the “I notice...” while the other
emphasizes the “I wonder...” For example, a student
may write “I notice that Monique doesn’t willingly
share her ideas” or “I notice that students are easily
persuaded to believe Osvaldo’s opinions.” On the “I
wonder” side, you may hear a student state “I wonder
why Maria writes so much, but shares so little” or “I
wonder who's actually right.” These observational
notes in the form of a double entry journal do a great
job of providing non-participants with an active role.
In fact, their notes act as a foundation for the class-
wide debrief that may take place directly following
the D.T.

What Does the Teacher Do?

As stated earlier, D.T. is a great opportunity for the
teacher to check in with her students. The teacher may
take notes on what she sees and hears the students
doing. These notes may then serve as a formative
assessment, guiding her upcoming instructional deci-
sions. They may also act as part of the students’
bodies of evidence as they work to prove their learn-
ing of the essentials. The notes documented by the
teacher may be copied and distributed to the D.T.
participants. Examining the teacher generated observa-
tion notes, students may highlight the statements they
made and use the document as part of their portfolio
as a piece of physical evidence toward their level of
learning.




Why Do We Need Discourse Time?

Although many classrooms currently experience
some form of mathematical discourse in an informal
fashion we must take such practice to the next level.
The majority of discourse found in our classrooms
rarely forces students to take the role of mathemati-
cian as they engage in what Ellin Keene defines in
Dimensions of Understanding as “rigorous discourse.”
D.T. is merely one way to create an authentic arena
for valuable mathematical argument to take place. In
addition, setting aside time in our class to address this
need sends a message to our students that sharing,
defending, and transforming mathematical ideas is

an extremely valuable way to develop argumentative
literacy; the third component of literacy.

Related Resource

What Does D.T. Actually Look Like When We Do It?
What follows is an example of Discourse Time. The
context of the work is taken from a heterogeneous,
ninth-grade Algebra/Geometry I course. The sample
D.T. includes most elements of the process; due to
space constraints, the teacher notes, which are made
on a worksheet containing the seven areas in which
students score points (listed above) has been omitted.
The following example of Discourse Time contains:

- The essential learning being explored in class at
the time of D.T.

- The problem used in D.T.

- Student double entry journal notes (I notice... I
wonder...)

- A debrief of the experience

Discourse Time Sample 1: The Boat Race

The Essential Learning: Students will use proportional
thinking to analyze and solve real world problems
within geometric and algebraic contexts.

The Problem: In a two-boat sailing race, one boat,
Windsprite, rounds the final buoy and sails straight

Discourse Time!

for the finish line at 12.0 knots. Exactly 4 minutes
after Windsprite rounds the final buoy, the other boat,
Porpoise, reaches that point and heads for the finish
line at 12.7 knots. Windsprite re aches the finish line
49 minutes after rounding the last buoy. Who wins
the race? Why?

Student Double Entry Journal Notes

I wonder...
Why Salvador and Monique
aren’t talking

I notice...
That most of them are under-
lining important things

That some aren’t talking What the actual answer is

Who knows what the answer
is and who is confused

That Manuel started to talk
and 2 other people started to
talk about the same problem

That Singer stepped in to help
them with their problem

Salvador made another con-
nection

Jessica did a math connection

Manuel made a math connec-
tion

The Debrief: What made this D.T. challenging for
students was their lack of contextual knowledge.
Boating is not part of their general schema; as a result
they had to develop their background knowledge

in order to engage in the work. Recognizing a need

to find information prior to jumping into problem
solving is a great asset for a mathematician. Moreover,
resourcefulness — using resources to accommodate

the recognized need — is a skill that all great thinkers
possess.

The connections made by participants, both to their
work in science class with unit conversions and their
own life experiences, were amazing to hear. Those
connections bring the problem to life for those
students and take it beyond the walls of the isolated
math classroom. [n addition, the connections also
recognized by Daniel in the double entry journal
notes let me know that he too witnessed their value.
Beyond Daniel’s observation about connections, he
also recorded “that [teacher] Singer stepped in to help
with the problem.” During our class debrief, when
Daniel mentioned this “I notice” comment to the
class, I asked if my involvement was unnecessary or
overbearing. The general consensus from the partici-
pants was that my involvement pushed the thinking
of the participants and never provided solutions or
answers. As a result of Daniel’s observation, I was
able to assess my own involvement in D.T. and its
importance or lack thereof to the group effort.

Continued on next page
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Demonstration
of mastery

Resources
dedicated to
teaching and
learning

Personalization

The Coalition of Essential Schools

Imagine schools where intellectual excitement animates
every student’s face, teachers work together to improve
their craft, and all students thrive and excel. For more than
20 years, the Coalition of Esscntial Schools (CES) has been
at the forefront of making this vision a reality. Guided by a
set of Common Prineiples, CES strives to create and sustain
personalized, equitable, and intellectually challenging schools.

The CES network includes hundreds of schools and 25
Affiliate Centers. Diverse in size, population, and program-
matic emphasis, Essential schools serve students from
Kindergarten through high school in urban, suburban,

and rural communities.

Essential schools share the Common Principles, a set of
beliefs about the purpose and practice of schooling.
Reflecting the wisdom of thousands of educators, the 10
Common Principles inspire schools to examine their priorities
and design effective structures and istructional practices.

CES was founded in 1984 by Theodore R. Sizer and is
headquartered in Oakland, California. Please visit our
website at www.essentialschools.org for more about

¢ CES's programs, services, and resources.

nools: Common Principles

Learning to
use one’s
mind well

Democracy
and equity

Horace

CES publishes its journal Horace quarterly. Combining
research with hands-on resources, Horace showcases
Essential schools that implement the 10 Common Principles
in their structures, practices, and habits. Within four focus
areas—school design, classroom practice, leadership, and
community connections—FHorace explores specific questions
and challenges that face all schools in the CES network.

Subscriptions to Forace are a benefit of affiliating with
CES National as a regional center, school, or network
friend. We invite you to visit the CES website at
www.essentialschools.org for information on affiliation
and to read Horace 1ssues from 1988 through the present.

Jill Davidson, editor of Horace, welcomes your comments,

issue theme and story ideas, and other feedback via email
at jdavidson@essentialschools.org.

Lewis Cohen
Executive Director

Jill Davidson
Publications Director




Discourse Time!

“You can’t divide something by a number if it’s not
given,” stated Manuel during the D.T. In response,
Jessica rebutted, “Yes you can - you can divide by a
variable like x.” Her counter-argument to Manuel’s
strikes at the heart of algebra. We can work with
information even when numbers are missing. That
simple statement informs me a great deal about
Jessica’s internalized understanding of the purpose of
algebra.

Final Thoughts about Discourse Time

Experimenting in the classroom with an activity like
Discourse Time involves a great deal of variability

of several factors: the selection of a problem, the
contributions of the students participating, the obser-
vational notes being taken, the scorer’s accuracy, and
the teacher’s involvement. However, when D.T. goes
well = and I can assure you from personal experience
that that’s not always the case — the learning that the

community can take away is invaluable. Students gain:

- Deeper conceptual knowledge of mathematical
ideas

- The ability to learn and apply new information
- Increased resourcefulness

- The experience of challenging cach other’s
thinking

- The skill of determining what a question’s really
asking

- The experience of listening to someone else’s
opinion and synthesizing it with your own

- The ability to collaborate effectively

- The benefit of engaging in mathematical conver-
sations

Such an experience allows students to explore what
it’s truly like to be a mathematician. Encapsulating
the goal of developing creative, critical thinkers
and problem solvers, Discourse Time is an essen-

tial component of an Essential school math class-
'

room. As CES founder Ted Sizer writes in Horace’s
Compromise, “Understanding is more stimulated .
than learned. It grows from questioning one’s self or
from being questioned by others...Questioning is a
far more difficult form of pedagogy for teachers than
are coaching and telling, because it is the least predict-
able.” Discourse Time is certainly not a predict-

able teaching practice. However, as responsive and
progressive teachers whose efforts lie in preparing our
students for the 21st century, we must embrace the
value of such a practice. Dr. Sizer certainly has as he
continues in Horace’s Compromuse. “Education’s job
today is less in purveying information than in helping
people to use it — that is, to exercise their minds.”
Discourse Time is far less concerned with “purveying
information” and much more interested in helping
students to “use their minds well.”

After graduating from the University of Hartford in 2003, '
David Singer moved to Denver to teach at Skyview High '
School, a large comprehensive high school. In 2005, he

joined the design and implementation team for the creation

of Skyview Academy High School, a small CES school in

Thornton, Colorado and has taught there since the school’s

opening.
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Radical Math:
Creating Balance in
An Unjust World,

Conference Report
by Jill Davidson

Founded in 2006 by Jonathan Osler, Math and Community
Orgamzing teacher at El Puente Academy for Peace and
Justice, a public CES high school in Brooklyn, New York,
Radical Math is an organization for educators working 1o
integrate issues of political, economic, and social justice into
math education. The Radical Math website, www.radicalm-
dth.org, is an evolving exploration of teaching and learning
focused on both math skills and social justice issues.

In April 2007, Radical Math cosponsored “Creating Bal-
ance in an Unjust World” a conference on math education
and social justice. Following school visits to several schools,
including CES schools Fannie Lou Hamer High School,
Institute for Collaborative Education, East Side Commu-
nity High School, and El Puente Academy, the conference
opened at El Puente. The opening session featured young
people from around the United States talking about their
experiences of understanding their world more completely
through mathematical analysis. Students also participated in
wnrkshnps the following d.ly; Levon Kil‘kpml‘irk, confer-
ence participant and student at Vanguard High School,
another New York City CES school, highlighted the
necessity of mathematical literacy and the connection to
real world contexts. “It allows you to know that math isn’t
stuff you do with just a piece of paper and a pencil. It has
to do with life. I’'m not asking my teacher ‘Why do I have
to know this?*”

With the urgent need for mathematical literacy and the
current lack of equity in math education paramount in the
consciousness of facilitators and participants, conference
sessions included a variety of 28 workshops, two panels,
and a keynote address delivered by civil rights activist Bob
Moses, founder of The Algebra Project, a program that pre-
pares underserved youth with high-level math skills. Moses
1s also co-author of Radical Equations: Math Literacy and
Ciwil Rights. He spoke about the parallels between his

prior work building demand for and securing voting rights
in the 1960s and his more recent work building demand
for high quality, equitable education through a focus on
mathematics skills. “What's radical is doing math with the
kids at the bottom of society and getting them to demand
their educational rights,” observed Moses. “When students

id on themselves, they start to make

begin 1o mak

demands on their schools and communities.” Moses spoke

about parallel efforts to build demand for a Constitutional
amendment for quality education for all, mentioning the
work of groups such as Quality Education as a Civil Right.

The conference closed with participants gathered in a variety
of action groups, and a planning session for a subsequent
2008 conference. Initially, Osler and other organizers didn’t
plan on the conference becoming an annual event. “T had a
naive idea that we could spend tume at the conference and
then it would end. Instead, there has been an enormous
amount of interest in this approach to math education,” says
Osler. “It would be great to make it happen in another city
so other schools could be highlighted. That’s what a good
organizer does - we pass on those skills and keep it going.”
For those unable to attend, Radical Math will be issuing a
DVD that offers conference highlights and handouts.

For more, please visit:

Radical Math

www.radicalmath.org

The Algebra Project

www.algebra.org

Quality Education as a Civil Right
WWW.qeCr.org




by Mark Lonergan

The Case for
Creativity in Math
Education

“Mister, when am I ever

going to use this?” When

I started out as a new math

teacher, these were the words

I hated to hear because often,

I wasn’t so sure myself. In my

own life as a math student, the sheer
un-usability of the material was a big
draw. As a teen, I could not figure out
my life, but in this abstract world of math, I
could resolve all my problems.

But once I started teaching, I realized that my own
love of doing math was not enough. Some students
got excited by the neat rationality of math. But most
were uninspired. My internal motivators (love of
math) and external motivators (desire to do well on
the SAT teSts) didn’t translate 1o most of my students.
So I began to rethink why 1t is important for all of us
to learn math. What could I do to make all students
see the béaur}', fun and power in math?

Now, in response to questions about the importance
of math, I explain that in our society, even though it
may not be fair, math abilities equal smarts. People
who can demonstrate skill with mathematics have
more doors open to them than those who cannot.

And learning math is important because math was
created by humans. When you trace the history and
development of math, you really see the develop-
ment of thinking. A math textbook, without always
acknowledging it, contains wisdom from ancient
cultures and the accumulated history of human think-
ing. We should all be part of that.

So after 11 years of teaching, the question I worry about
now is “How do we do this well?” How do we engage
students in math classes? How do we convince them that
math is beautiful, fun and powerful? If we can engage
students in the right way, then they’ll be too busy to
stop to ask, “When am | ever going to use this?”

For the math department at my school, Boston

Arts Academy (BAA), the answer has been to infuse
creativity into math classes. While still concerned with
mgth standards and content, we focus on whether

students have a chance to make choices and connect

to their other passions. We want our students and
teachers to feel like they are inventors as they create
and solve problems. But what does it look like to be
creative in math class, and why should we bother?

At BAA, being creative starts with the teachers. BAA
is a pilot school within the Boston Public Schools,
which allows us a lot of free rein to develop and
implement our own ideas. My department and I have
been able to create a curriculum that is still a work

in progress. It’s not yet beautiful, and it’s far from
realizing its full potential. But it is ours, and it grows
and changes as we in the department continue to
grow and change. As we’ve built this project-based
curriculum, we have realized that after two or three
years, a piece of the curriculum often needs to be
improved or replaced because our thinking about
what makes a good project continues to evolve.

We teach new courses or have new perspectives on
courses we've taught for years. The result: at every
math level, we revise at least one project annually.
Sometimes this means we throw out curriculum that
works fine. Sometimes this means we try out new
stuff that completely bombs. This can feel like build-
ing a sandcastle during high tide. We keep building
new curriculum knowing that we’ll never really be in
a place where we feel “done.” It can be frustrating,
but the alternative — we decide to keep what we've got

g
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and make no changes — would mean that the dcparl-
ment had stagnated and that we have stopped using
our creative skills to develop new ideas. For us, being
creative means taking risks, trying new things, and
continuing to revisit and reinterpret what we’re doing,
even when we know we’re doing it well.

One danger in being creative teachers is that we might
veer off course, that we could confuse “new” with
“good” and make wanton changes that are bad for
students, This is one reason we recently hosted a half-
day tuning protocol, which was a chance to get feed-
back on our evolving curriculum from professionals
from other schools and members of the BAA commu-
nity. The value of pausing to make our work public

was twofold: First, we got feedback from outsiders.
They told us that we're doing a lot of things well but
that we should better articulate course themes and
essential questions. To outsiders, some of our course
descriptions felt like a random collection of projects
instead of a cohesive learning experience. The second
benefit of the tuning protocol was that the preparation
required our department to work together, to find
out what’s going on in each other’s classrooms and to
think about what we’re doing and where we would
like to improve. The team had to articulate frustra-
tions and turn them into focus questions. We had to
document our work so that it could be comprehended
by an outside audience. Teaching can often be such a
private endeavor —we often don’t know what’s going
on in the classroom next door. But by preparing for
this tuning protocol, we were able to learn more about
what we are doing and what we’d like to be doing in
our classrooms.

We've realized that students also need to feel some
sort of creative opportunity in order to feel engaged.
This means teaching content within a project-based
approach. We introduce traditional math skills, we
practice those skills, and we take tests and quizzes on
these skills. And we always make sure that students
can apply those skills in meaningful ways through
unit projects. In our best unit projects, there are four
Cs that we consider:

CONTENT - We create our unit projects with rich
math content at their core. We strive to find projects
that not only require students to do good math, but
in which doing the math is integral to completing the
project.

CONNECTION - We make sure that there is an
authentic, non-superficial connection to the real
world and to other disciplines. At our school, this
often means trying to connect our work to the visual
and performing arts. But our best projects do more
than just connect; they actually require students to
use different disciplines and different multiple intel-
ligences to complete the job.

CHOICES - Our best projects allow students to
make choices and solve problems in different ways.
There are chances for students to “muck around” with
the math rather than just follow one linear pathway.
This often means posing questions that do not have
one “right” answer.

CO-AUTHORSHIP - We've found that students’
engagement and achievement is highest when students
can have a role in creating their problems as well as
finding the solutions. Sometimes this means letting
students change the setting or context of a problem,
such as when Raphael transformed a boring problem
about linear functions into a study about gas mileage
that connected to his passion for motor bikes. Or this
can mean giving students some constraints and having
them come up with their own problems.

When combined properly, these four Cs ensure

that math class can feel like a creative endeavor. We
certainly don’t have it all figured out. We continue to
feel stretched for time and often feel in a tug-of-war
between what we want to do and what we must do
(preparing for state tests is the most significant “must-
do”). We often run out of planning time and energy,
so our best intentions and our philosophies don’t
always manifest themselves. And really, some topics
benefit from a good old-fashioned lecture followed by
traditional drilling.

But most days we feel like we’re moving in the right
direction. Although we’ve used different buzzwords
throughout the years — arts-infused, project-based,
multiple-intelligences, interdisciplinary — the consis-
tent idea has been brcakmg, the mold of traditional
math classes and using our own creativity. When
students and teachers can feel creatively connected to
the curriculum, we circumvent the question, “When
are we ever going to use this?” Instead, we focus

on what we’re going to create with these new skills.
As teachers, we alsomodel the ability to create and
support our students’ ability to create on their own.

What I liked about math as a student is now what I don’t
like about it as a teacher. As a student, I loved math for
its neat resolutions and final answers. As a math teacher,
I've realized that I don’t want neat conclusions anymore.
I want to feel like the work I’'m doing and the curricu-
lum we're developing is moving in a certain direction,
and remains a “work in progress.”

Mark Lumrmn is a math teacher and math curriculum
specialist at the Boston Arts Academy. He joined BAA

in 2000 after receiving his M. Ed. from Harvard Graduate
School of Education. He grew up in Virginia and began his
teaching career as an English teacher in Kumamoto, Japan.
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Applying the
Common Principles
To Mathematics:

Successes and
Challenges

by Ankur Dalal, in collaboration with the
Vanguard Math Team: Dorota Cactano,
Rebecca Daczka, Lisa Gluckson, Yotam
Hod, Jo Ho-Rolle, Kari Kokka, and Ed-
gar Rodriguez

In the mathematics department at Vanguard 1High
School, we have taken on a mission to raisc students’
interest, skill, understanding, and performance in
mathematics Over the past several ycars, we have
wrestled with the i-mp]ications of the achievement gap,
a pressing fact for us, as students enter our school well
below grade level. Our own belief in education as an
act of social justice, our adherence to the Coalition’s
Ten Common Principles, and our response to external
requirements from the city and state has produced a
mathematics program characterized by some notable
successes, strategies and ideas for the future, and a
number of lingering puzzles.

Vanguard’s Math Program

The Vanguard High School mathematics program
requires students to enroll in four years of hetero-
;;cncuu.sh-' ;;nmpcd classes, culminating in a senior
portfolio class. Students also have the option to take
several math electives, including Mathematical Games,
Architecture, and Calculus. Over the past several
years, we have moved away from instructor-designed
classes into a more traditional sequence of courses
(algebra, geometry, advanced algebra, and more) to
increase consistency in our department and free up
time to focus on helping students. Students work
collaboratively in groups, and the curriculum comes
primarily from College Preparatory Mathematics, a
program that emphasizes conceptual problems and
spiraled content. Classes are small, generally 15 to 20
t.lllu.lx'n[,\ L‘.\L‘]L

The primary challenge our department has faced is
how to SUpport a set of hij_;h academic standards for

a population that enters our school well below grade
level. Two years ago, an internal drive to raise the
level of mathematical rigor and achievement at the
school, coupled with city, state and federal pressure
to raise student achievement and rates of credit accu-
mulation and graduation, prompted our department
to re-examine our curriculum and pedagogy, our
portfolio and graduation requirements, our assessment
system, our academic supports, and our opportunities
for advanced work.

More than five years ago, Vanguard lost its waiver
from the Math A Regents, the high-stakes, standard-

Vanguard High School is a small Essential school

located in Manhattan’s Upper East Side in the Julia

Richman Education Complex. Vanguard serves ap-

proximately 400 students, and is 92.6 percent students

of color (60 percent Hispanic and 30 percent African-

American). Only 11% of students who enter Vanguard

meet the state reading standards and only 28 percent .
meet the state mathematics standards. An unusually

large percentage of the student body receives special

education services.
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ized graduation requirement in the state of New York.
In response, our school responded by taking steps
away from the Common Principles; we wrote our
own curriculum that focused on covering the breadth
of topics on the Math A (which includes a rather
broad and unconnected range of material) and spent

a month of each semester on test preparation. Many
classes featured teachers in a traditional role of “deliv-
erer of instruction services,” focusing in particular

on the tricks and sometimes obscure content require-
ments of the Math A exam.

While we were able to improve students’ standardized
test scores, we hadn’t developed strategies to actu-
ally improve students’ mathematical understanding,
As veteran teacher Rebecca Daczka says, “It seemed
like students weren’t really learning — they were just
memorizing for the test.” Our faculty became frus-
trated that we often had to teach much of the same
content at each grade level: each course had students
re learning how to solve simple equations, and our

- Senior Portfolios focused on linear and quadratic
equations, a topic more traditionally seen in ninth
grade mathematics.

Many teachers in the department felt frustrated by the
amount of time it took to write curriculum to cover
Math A topics and offer projects and exhibitions.
Daczka says, “I'd find myself spending two hours a
night writing lessons, and I didn’t have time to really
find what my students understood.”

Vanguard teachers were also at a loss for useful
student assessment and achievement data. For many
years, the department kept detailed grade reports that
focused primarily on student work habits describing
homework and class work completion, with commen-
tary on exhibitions and projects. However, our
assessment system did not provide some important
information about our students. Many students failed
our classes, and their grade reports often reflected
poor work habits, especially regarding homework.

Related Resource

However, during conversations and class time, we'd
often find 2 number of these students really under-
stood the material. On the other hand, students

could have excellent grades given good work habits,
diligence about tutoring, and seeking help from class-
mates, and yet have very weak mathematical skills and
conceptual understanding. For instance, this past year
our department watched a video of a student during
his senior portfolio struggling with basic concepts
and definitions that should have been addressed in the
ninth grade. His impeccable homework habits and
conscientiousness about seeking help, coupled with
the high grades this produced, obscured the need for
remediation until this portfolio presentation.

A Chance to Reflect

Ower the past two years, a number of external
accountability changes and inte rnal reflections

have precipitated a chance to reflect on some of the
challenges we have been facing. We received a new
waiver from the Math A exam, but at the same time,
we received demands from the city School Quality
Review program to develop a system of interim
assessments for the students called a Design-Your-
Own Interim Assessment (DYQO). While the waiver
exempted students from the high-stakes aspect of
the Math A exam, we still needed to offer the exam
to meet federal No Child Left Behind requirements
(the Federal government does not recognize a waiver,
which was offered by the State of New York).

Our department viewed this as a chance to think about
our graduation requirements and portfolio assess-
ment system. We expressed the need to develop new
performance assessments suitable for every grade level.
We also decided to raise the level of rigor in the higher
grades, while acknowledging a need to improve our
curriculum to spiral content and increase conceptual
understanding. We focused on improving our assess-
ment and remediation strategies to discover student
weaknesses and attempt to fix them systematically.

These last two years have been a time for reflection,
and we have developed a number of strategies to
address our challenges, described below in terms of
some of the CES Common Principles.

“Learning to Use One’s Mind Well”

The first step in raising the level of our graduation
requirements was to define what we meant by rigor-
ous mathematics, or, in the language of the Common
Principles, what did it mean for our students to use
their minds well? Our department chose to return to
Vanguard’s Habits of Mind, which focused on the
need for students to learn the process of thinking
well. This process requires students to reason with

Continued on next page
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evidence, offer conjectures, seek significance, make
connections, consider viewpoints and think about
their learning.

Of course, this process is in service of learning partic-
ular content. Our department adapted a curriculum
called College Preparatory Mathematics that focuses
on grade-level standards, fewer, more conceptual
questions, skill practice spiraled throughout the
years and cooperative learning. We have begun to
rewrite the content expectations of this textbook
series in terms of our habits of mind, resulting in a
list of understanding goals. For instance, one of our
understanding goals comes from a tenth grade unit
on Quadratic Equations, and it requires “students to
make connections between verbal, tabular, graphical
and analytical representations of quadratic situations
and reason with evidence about how to go from one
representation to another.”

“Less is More, Depth over Coverage”

We selected a curriculum that spirals content, revisit-
ing major topics many times over four years with
increasing depth, and standardized understanding
goals in terms of our habits of mind. As we started
this process, we noticed that we've developed a

set of expectations that emphasizes deep thinking.
For instance, an eleventh grade understanding goal
concerning Quadratic Equations requires “students
make connections between verbal, tabular, graphical
and analytical representations, including standard,
factored and vertex forms, of quadratic situations”;
students often revisit the same understanding goals in
different years, simply with greater depth and newer
material.

Furthermore, an emphasis on writing standards in
terms of a few habits of mind pushes students to
employ fewer, more generative ways of thinking
rather than memorizing a plethora of mathematical
facts, rules and tricks. An understanding goal from
Calculus also requires students to make “connec-
tions between verbal, tabular, graphical, and analytical
representations,” but this in service of understanding
derivatives.

“Goals Apply to All Students” and “Personalization”
In writing these understanding goals, we have begun
to write standards that apply to all students. In previ-
ous years, our department often had difficulty expect-
ing the same understanding from all students. While
all students had exposure to the same material, we
tended to alter our goals for our performance assess-
ments for our weaker students. While we made these
adjustments to ensure all students had a chance to pass
our courses, we failed to offer those “students not

yet at appropriate levels of competence ... intensive
support and resources to assist them quickly to meet

[our] standards,” primarily because we did not have a
system to identify the source and nature of students’
individual difficulties.

Currently, our department is in consultation with
Vanguard’s Instruction Support Services team to
identify those core understanding goals that will mark
the heart of our mathematics experience, those goals
that will apply to all students. Additionally, we are
working to develop scaffolds and adaptations. Finally,
we are designing our assessment System to maximize
personalization of learning and teaching; students
attempt to demonstrate mastery of understanding
goals whenever they are ready, not just on test days or
at the end of a unit. Students certainly appreciate this
level of personalization; sophomore Evelyn Santiago
says, “[Understanding checks] changed my way of
thinking about math a lot because now I think you
can keep trying until you understand something.”

“Demonstration of Mastery”

This Common Principle suggests “multiple forms of
evidence, ranging from ongoing observation of the
learner to completion of specific projects, should be used
to better understand the learner’s strengths and needs,
and to plan for further assistance. Students should have
opportunities to exhibit their expertise before family and
community.” As such, we have developed a number of
different assessment vehicles through which students can
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demonstrate their understanding.

Beyond written tests of the understanding goals,
which we offer several times a semester as a part of
our DYO interim assessment system, we have devel-
oped individual oral defenses, roundtable discus-
sions and individual assessment interviews. In the

oral defense, which we have expanded to the tenth
and twelfth grades, students individually present and
defend their knowledge through an explanation of

an authentic mathematical task, followed by intense
question and answer time. In a roundtable discussion,
students work in small groups to tackle a new and
novel situation; at the end of the roundtable, there can
be an opportunity for evaluators to interview students
to reflect on the process and develop a fuller sense of
the student’s understanding. Finally, assessment inter-
views provide an alternative to written tests for those
with test anxiety or language difficulty; students are
evaluated during a live interview instead of through a
written test.

While students find the demands of mastery more
difficult, many report appreciation for this way of
learning and assessment. Student Jeffrey Rodriguez
says, “I like to know that I am getting graded on how
well I understand. It’s harder, but we’re proving that
we know how to understand things.”

“Student-as-Worker, Teacher-as-Coach”

To meet these standards, we've begun to share peda-
gogical strategies “to provoke students to learn how
to learn and thus to teach themselves.” Some of us
have adopted a cooperative learning strategy devel-
oped by researchers at Stanford University called
Complex Instruction, in which students are assigned
roles and teachers work to provide group-worthy
tasks and mitigate perceived status differences in
students’ abilities by valuing student questioning,
skepticism and demands for evidence from fellow
classmates. We have also started to implement study
team strategies, such as participation quizzes, in which
students are given a daily grade based on the quality
of their conversations as recorded by the teacher on
an overhead, We also utilize team tests, in which all
students at a study team receive the same grade for a
test, encouraging them to take ownership over their
own learning.

“Democracy and Equity”

The changes and strategies listed above are part of

a larger vision of democracy and equity: a belief in
education and social justice that strives to offer an
underserved, urban population of color educational
opportunities that are equitable to those granted to
wealthier suburban students. Our department has
changed our exit requirements to focus on grade-level
content, and we have developed a Calculus class for

students motivated to extend their study of mathemat-
ics. Students who once failed middle school math-
ematics are now successfully completing a course in
calculus.

Lingering Puzzles

Our department has reached a few conclusions about
our work. While we generally enjoy the increased
rigor and consistency provided by our outside curric-
ulum, we sometimes need to develop larger projects
appropriate for our performance assessments. Each
grade team spends part of every week collaborating
on adaptations of the curriculum to meet our needs.
In our department meetings, we have conversations
about how to adapt the curriculum for our special
needs children. We’ve also spent department meeting
time working on analyzing our student performance
information and assessment data, and we’re trying to
rearrange our staff to create additional math support
classes based on what individual students need to
know.

Though we are excited by the changes we've imple-
mented over the past few years, a number of linger-
ing puzzles remain. For instance, how can we use
the information we collect on each student’s under-
standing to better inform our remediation system?
Currently, when students fail classes, they are placed
in a generic night school or summer school program;
how could we provide a more individualized experi-
ence so students learn what they don’t understand?

We also wonder how to write standards that truly
emphasize deep, meaningful thinking and not just
superficial knowledge. In working with our under-
standing goals, we've found some to be too procedural
or obscure. How can we be sure our standards get at
the heart of our subject matter?

We also wonder how these strategies can translate into
improving students’ standardized test scores. Many of
our students have difficulty scoring well on external
metrics (although they have improved considerably
on the Math A exam). What can we do as a school to
promote success on these tests?

Finally, we want to know how we can use the infor-
mation we collect about student achievement to
inform our own practice. How can we reshape units
based on our students’ demonstrated understand-
ing of topics? How can we work as a team to ensure
students can demonstrate mastery of our goals?

Ankur Dalal is finishing his second year at Vanguard
High School. Previously, he taught at San Lorenzo High
School in San Lorenzo, CA. He graduated from Stanford
University and studied Computer Science, History and
Mathematics Education.
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One Instructor’s
Quest for a
Collaborative
Professional Culture

by Jimmy Frickey
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“ously, and I had not taught math this way (or any

With a B.S. in math but no

prior math education training,

my first job as a math teacher was

at an alternative charter school with

a holistic mission. I was charged with

teaching math to five groups of 17 7th, 8th,

and 9th graders, embracing problem solving,
communication, and collaboration. Few of thesc
students had been taught math in this way previ-

other way, for that matter). While I still belicve such
an approach is possible and worthwhile, I was not
prepared to pull it off. I struggled tremendously and
no doubt left numerous opponents to math reform in
my wake. Fortunately, I'attributed my ineffectiveness
to my lack of expericnce and skill as a facilitator and
curriculum writer, not to a flaw in the vision. Though
T'have no way of knowing, I have since wondered
what percentage of new educators in similar situa-
tions would draw a different conclusion, something
like, “Math is different from other subjects. It can’t be
learned collaboratively. You just have to memorize.”

“

This experience motivated me to understand why and
how math teachers can become effective in settings
that stress understanding over memorization.

Why Did I Struggle?
[ believe I struggled in the effort to engage students
in the work of actually doing math, as opposed to
practicing other peoples” math, not only because |
was a new instructor, but also because I learned math
quite differently from the way 1 was aspiring to teach
it. My earliest school memories are of racing through
addition and multiplication charts to win ice cream
from my teacher. I remember doing pages of practice
problems and receiving high percentage scores for
getting most problems right. I do not remember ever
applying math to real world problems with more than
one correct answer, and I never remember working
with other people on a problem. Interestingly enough,
L)

the only times I remember solving problems at the
board in school were when [ was racing to be the first

finished with a correct answer in class competitions.
Incidentally, I loved those days — no doubt because |
usually won!

If memories like mine approximate the math experi-
ences of others among the current group of math
educators in the CES network, is it any wonder we
struggle to create math environments where students
solve meaningful problems collaboratively with
others? If I, or any math instructor, haven’t actu-
ally experienced learning important math concepts
by solving and discussing problems in a collabora-
tive environment, how do I even know it is possible?
And if I don’t believe it’s possible for all students to
learn math without an expert telling them what to
do and encouraging (often coercing) them to prac-
tice and memorize, how much creative energy and
perseverance can I bring to the challenges of engaging
all students with a meaningful, creative mathematics
education? With the benefit of a few years of experi-
ence, it now seems obvious that I struggled, and 1
believe many of us struggle, because I had almost no
actual experience learning math concepts through
problem solving in collaborative settings.

In my classes of 17 students ages 12 to 15, I was
encouraged to select problems for students that were
“open-ended” and offered a variety of solution strat-
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egies that allowed, at least in theory, students with
differing math backgrounds to engage productively
with the problem. As students with vast differences

in prior experience and confidence asked questions
about the problems, as well as the new teaching style,
[ clumsily directed them to “rely on each other.”
Within the first 20 minutes of my first lesson ever, the
students figured out that I did not intend to answer all
of their questions directly. Over the next few weeks,
students, parents, and possibly colleagues questioned
my understanding of the role of “teacher,” some-
times with a real intent to understand where I was
coming from, other times rhetorically, with disdain
and judgment. “Teachers, especially math teachers,
answer students’ questions,” they reasoned. “How
am [ supposed to know what to do, if you don’t tell
me?” “What should my student do when she is ready

1.9 W

to move on and others aren’t?” “How can someone
struggling with fractions really work productively

with my “‘Algebra’ student?”

These questions, 1 believe, represent something more
than most first-year teachers endure. They reveal

the responsibility reform-minded educators share in
helping others come to understand why reform is
warranted and worthwhile. This responsibility is not
appropriately borne by any first-year teacher. Despite
my best intentions and excitement, [ failed my first
year teaching math for two primary reasons. I failed
because I was unskilled at facilitating a collaborative
problem solving culture and had few prior teaching
examples in my learning history to imitate. And |
failed because I was unprepared to manage effectively
the demands of first year teaching, curriculum devel-
opment, and the necessary public relations work of a
new charter school.

Before [ discuss the nature of my failures, let me say
that I resist the temptation to blame my employers.
First, creating a new school is a tremendous amount

of work and there was much they did to support

me, including sending me to the National Science
Foundation (NSF) funded Interactive Mathematics
Program (IMP) training. Second, and this is my main
point, I don’t believe they understood the nature of the
challenge. Because of that, to my knowledge, the right
kind of professional development networks did not
exist that could have adequately prepared me for the
challenge T was facing, As good as the IMP training was
(and still is), it was not designed with small, holistic-
minded community based schools in mind, and I was
therefore left to synthesize what was essential in the
training with what was essential to teaching within the
philosophy of my school. This is the task that I now
believe is too large for any first-year teacher.

My failures manifested themselves in two ways. First,
few students made significant gains in mathematics
that year. Second, most people attributed the lack of

learning to the change in instructional philosophy.
That is, my first year of teaching helped reinforce
what many students, parents, and educators believed
in the first place. “Math is different from other
subjects. Math is memorization and practice. Math
is not creative.” And, worst of all, “Some people are
good at math, and some people aren’t.”

But I refuse, and continue to refuse to believe the
conclusions so obvious to many students, parents,
and colleagues, because I have had two experiences
learning important mathematics through problem
solving in a collaborative culture. The first experi-
ence was in college in an Abstract Algebra course.
Our instructor gave us problem sets designed for us
to discover, explain and prove the major theorems

of Abstract Algebra. He answered our questions

with questions of his own and forced us to rely on
cach other for validation. We even took two group
exams! The second experience was the IMP train-

ing mentioned above, a two-week course provided

as professional development. Sixty secondary math
instructors, some converted art teachers with outright
math anxiety, others, like me, with degrees in math-
ematics, discovered that much of what we thought we
knew about probability and expected value was in fact
quite superficial and unable to be applied accurately to
non-routine problems. Collectively, we expanded our
notions of what it meant to understand a mathemati-
cal concept.

These experiences, and others since, form the founda-
tion of my beliefs that 1) math can be learned through
solving problems collaboratively with others, and 2)
the math I thought I learned previously lacked the
depth and flexibility of true knowledge.

Forming a Network

After my first teaching experience, I decided to opt
out of the “sink or swim” model of professional
development offered by so many of the new small
schools sprouting up across the nation. I pursued an
internship at Eagle Rock School with the hope of
learning to teach math alternatively from an expe-
rienced educator. While Eagle Rock teacher Jason
Cushner fit (and continues to fit) that description, as
I was applying, he was making plans to leave. Jason
worked at Eagle Rock School for seven years as the
Instrictional Snecialist. in. mathematics nriar ta. my,
application to Eagle Rock and had even received the
Presidential Award in Mathematics Education in
2002. I was offered the position and worked with the
previous year’s intern while the school looked to fill
Jason’s position.

Fortunately for me, the position was still vacant seven
months into my internship and the job was offered

Continued on next page
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Notes on This Issue

One of the most wonderful aspects of editing Horace is having the opportunity to collaborate with CES educators willing

to write about their teaching, their students’ learning, and their professional collaborations and growth. This issue offers the
work of a group of math teachers passionate about their challenges as well as their achievements. They are inspiringly focused
on equitable attainment of meaningful, powerful math learning for their students. And they care about building the strength
of math education throughout the CES network.

Several times throughout the months of working with the dozen teachers who contributed to this issue, | wanted to jump
the fence and join them. Nothing sounded as compelling, intriguing, and fun as teaching math (and I am a humanities teacher
by training!). You'll be swept up by their passion, enthusiasm, critical insight, and desire to improve and refine how we teach
math in Essential schools. Many thanks for looking in and sharing out to all who contributed to these pages.

Jill Davidson
Editor, Horace
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to live the life that fulfills thc:r passwm

* CES graduates will be knowledgeable, curious and pas-
‘sionate problem solvers who continually learn about,
participate in, and enjoy life in the community and world
around them.

The CES Math Classroom Vision
CES Math Classrooms:
* Establish and maintain a positive culture of learning where

students are working together and are developing confi-
dence in their math abilities and understanding.

* Set clear learning objectives/goals for each class or lesson
so that students and teachers know what they are learning
and why.

* Differentiate instruction and assessment to meet the needs
of individual students and provide multiple opportunities
‘to demonstrate understanding.

* Keep it real, relevant, and authentic

* Personalize instruction

* Practice the 3 Ds: demonstrate, debate, and defend
* Emphasize mathematical culture and discourse

* Are relevant — interesting, applicable and integrated
¢ Challenge all students

* Actively engage students by developing a community of
learners

* Require students to demonstrate/justify understanding

to me. While this was a tremendous opportunity,
the hope of learning to teach math alternatively from
an experienced educator never played out for me.
Even with Eagle Rock’s belief in the “Teacher as
Generalist” principle, there were few, if any, people
offering experience and knowledge about how to
facilitate a collaborative problem solving class in a
heterogeneous environment, how to develop and
utilize inter-disciplinary courses, and how to re-
engage students with mathematics. On the contrary,
in my perhaps overly cynical moments, I sometimes
got the sense that people were just glad someone at
Eagle Rock was willing to do math.

So I began to look outward. 1 invited instructors |

admired from professional development experiences

outside of school to observe my courses, collaborate

with me to address challenges unique to Eagle Rock,
4
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and help identify and recreate our successes. At the
debriefing of one such experience, the idea of creating
the community of math instructors I was craving was
born. While musing about how most math confer-
ences talk about things meant for dramatically differ-
ent schools settings and how most internal school
professional development focused on anything but
implementing math curriculum consistent with our
school vision, my guest suggested I invite people to
Eagle Rock for a conference. Eagle Rock is in beauti-
ful Estes Park, Colorado, he reasoned, and people
would love to come here to “work on math.”

Math Innovators’ Forum

As a result, Jason Cushner and I created the Math
Innovators’ Forum. The Forum’s purpose is threefold:
1) improve the collective practice of math education
in alternative schools, 2) support new instructors in
the Herculean task of being a new math instructor

in an alternative school, and 3) to advocate for our
agenda of improving math instruction in our schools.
For two years, Jason and I have worked to connect
math educators with one another in small alternative
schools in the belief that such work improves our
practice and is desperately needed. We have hosted
four retreats connecting with about 30 instructors.
Of particular interest to us are the several brand

new instructors who attended and seemed extremely
thankful to have someone, anyone, with whom to
work on math.

At these gatherings, we identify challenges common
to our situations and work to share effective ideas

and resources. In the first few Forums, we worked

to develop curriculum and projects together. More
recently, we have examined existing lessons and
projects with examples of student work. Participants
who bring work to be reviewed agree to make any
improvements to the assignment based on the discus-
sion, and we disseminate the work to the larger group.
The goal is to build a significant collection of lessons,
projects, assessments, rubrics, and other material that
can be used as a resource, particularly for new instruc-
tors striving to make math more meaningful for their
students.
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CES Math Super Team

I discussed these ongoing efforts with Skyview
Academy math teacher David Singer, 2 colleague from
the CES network. David suggested we pursue the
same idea nationally within CES. From that conver-
sation came “Developing a CES Math Super Team:
Collaboratively Solving the Math Dilemma,” a pre-
conference session on mathematics in CES schools at
the 2006 Fall Forum in Chicago, an email listserv on
which math educators can post questions and discuss
math-related challenges and share successes with each
other, and a space on the CES ChangeLab site where
instructors can post lessons, activities, and video clips
of successful curriculum and activities.

Spending the Fall Forum pre-conference day with
more than 25 other instructors from similar school
environments interested in improving math education
within the CES network was a tremendous gift. I left
the experience with a renewed commitment to keep
math relevant and meaningful for all my students, We
began the day together defining a collective vision of
a CES graduate, and we then articulated a vision for
CES math classrooms in support of our vision for
CES graduates,

Insights

The experiences of isolation relieved by collaboration
have led me to a few insights about my practice as a
math educator and math education in small, personal-
ized, and student-focused schools:

Effective instruction requires collaboration with other
instructors.

There are people working effectively to implement
alternative math programs, but they are exceptions
to the rule and they are not currently in positions to
share their wisdom with people who could benefit.

New instructors need experiences that will ground
their belief in the idea that math can be learned
through collaborative problem solving, or else they
will teach the way they were taught. If that support
isn’t present in your school, then it is our responsibil-
ity to make it available,

Curriculum writing is hard! We need to collaborate
and share with one another so instructors can spend
more of their time focusing on questioning and assess-
ment strategies in support of collaborative classroom
cultures.

In our brief time in Chicago, it was clear there are
many areas of common interest and concern: devel-
oping more inter-disciplinary classes and projects,
developing additional classes and projects connect-
ing math to issues of social justice, wrestling with the
challenges of heterogeneous groupings, understanding
and implementing a “less is more” philosophy in the

a Collaborative Professional Cult

current “high-stakes” climate of accountability, and
developing collaborative, inquiry-based classrooms, to
name a few.

I'll close with some questions that suggest some
thoughts about how we can continue and expand this
work. What if we could gather, develop, and share
five ways linear relationships have been successfully
taught in interdisciplinary courses? What if we knew
who within CES really understands how to teach
spatial reasoning and made her knowledge readily
available? What if we collectively advocated for a
more complete, humane, and useful vision of math-
ematics education? What if CES offered training in
math education meant for smaller community-based
schools? What if CES collaborated to bring math
educators together in the summer to develop curricula
and offer intervention courses to students who need
them at little or no cost in support of high expecta-
tions for all students and with the goal of sharing that
curriculum?

With every challenge we face, there is an opportunity.
The fact that so many have such similar opportunities
suggests we are dealing with something larger than
our own schools and classrooms. Individual successes
in the network can create future allies, and more
successes can add to the momentum.

Jimmy Frickey is Math Instructional Specialist and house-
parent at Eagle Rock School and Professional Development
Center. He has a B.S. in mathematics from Miami
University and has been teaching math for six years.
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Collateral Damage: How High-Stakes Testing
Corrupts America’s Schools &y Sharon L. Nichols
and David C. Berliner (Harvard Education Press, 250
pages, $24.95), reviewed by Jill Davidson

Collateral Damage will recommit
you to the Common Principles
like a drowning person recom-
mits to respiration. Nichols

and Berliner provide a satisfy-
ingly reasoned critique of high-
stakes standardized tests, a tight,
research-based, evidence-rich
argument that creates urgency for
the widely held conviction that
our education system must shift
toward more human-scale ways of measuring what
students know and can do.

Collateral Damage will infuriate you with its train-
wreck accounts of cheating, student neglect, data
misrepresentation, distortion, corruption, and corro-
sive damage affecting not only individual students,
teachers, and schools, but the entire enterprise of
American public education. We all live with the
compromises, wasted time, anxiety, anger, and losses
that accompany the ubiquitous high-stakes standard-
ized tests. Collateral Damage pulls together hundreds
of such instances, revealing the horrifying parameters.

The authors reinforce their assertions with Campbell’s
law, the social scientist’s version of the Heisenberg
uncertainty principle. Campbell’s law stipulates

that the more a social indicator is used for decision-
making, the more likely it will be corrupted and

the social processes it is meant to measure will be
distorted. Nichols and Berliner argue that the current
over-reliance on testing creates a frighteningly ideal
environment in which Campell’s law can operate.

We know the insidious effects. Educators view certain
kinds of students as liabilities. To improve scores,

the system pressures educators to ignore these young
people and push them out, creating a cruel world

in which the students who most need help are most
likely to be denied it. We have drastically narrowed
the curriculum while undermining teachers.

Collateral Damage serves as a validation of demon-
stration of mastery, emphasizing the integrity and
validity of exhibitions and other incorruptible authen-
tic work completed over time. Nichols and Berliner
endorse such assessment work as one of the likely
alternatives to the current situation; sharp eyes will
note that all examples in this section are all CES
schools (and CES is mentioned by name). Even in this
nearly airless climate, CES educators can inhale, at
least a bit. We know that we must collectively demand
a different system, and we who are in CES schools are,
in‘fm:t. at the forefront of creating that better system.

Can We Talk about Race? And Other
Conversations in an Era of School Resegregation
by Beverly Daniel Tatum (Beacon Press, 168 pages,
$22.95), reviewed by Jill Davidson

Beverly Daniel Tatum argues that
we must talk about race in order
to combat insidious school reseg-
regation and make good on the
promise of our nation’s diversity.
Policies reinforcing residential
segregation patterns and federal
judicial decisions that release
school districts from previous
court-ordered desegregation plans
are producing a generation of schoolchildren with

less reliable daily contact with people of other races
than their parents had. “Meaningful opportunities

for cross-racial contact are diminishing, especially in
schools.” Tatum forcefully describes resegregation’s
disastrous effects: concentrations of poverty or
wealth, lack of meaningful contact among members of
different racial groups, and the injury individuals and
our nation suffer when race-sorted cohorts of children
miss out on the education to which they are due.

Even as she establishes this bleak big picture, Tatum
delivers her key message: we are the stewards of our
multiracial heritage, and we must act. We can talk
about race and we must consciously shift our priori-
ties to do so. As she describes resegregation and the
negative effects of unexamined racial assumptions on
student performance, Tatum covers familiar ground.
But the central question, “What can we do about
this?” makes this disturbing material compelling. You
can develop “the ABCs of inclusive learning envi-
ronments: affirming identity, building community,
cultivating leadership.” We can do the hard work of
uncovering unconscious beliefs about White, Black,
and other children.

Tatum reinforces the effects of knowing students

well, holding students to high standards, and support-
ing them in personalized ways. She also examines

the promise and challenges of interracial friendships.
“Human connection requires familiarity and contact,”
she reminds us. “Connection depends on frankness,
and a willingness to talk openly about issues of race.”
Contact among diverse groups of students is neces-
sary, but not enough. Knowing how to talk about race
is fundamental for meaningful connection.

Can We Talk about Race? reinforces our ability and
commitment to talk about race, emphasizing that the
kind of race-conscious, personalized, achievement-
driven schools that we're creating are good for kids

- and for ourselves. As we talk, we strengthen the
equity gains that are the legacy of the ongoing demand
for civil rights and freedom for all.




Where to Go for More

The Math Forum
Like CES, the Math Forum is collaborative, built by
and for math teachers. The Math Forum is a long-
standing, immense library of tools, curricula, teaching
techniques, assistance, analysis, and opportunities for
interaction to improve math teaching and learning.
Run by Drexel University’s School of Education, the
Math Forum serves teachers and learners with some
for-fee services and many free resources. The Math
Forum is terrific for personalization, providing mate-
rials suited to individual learners as well as the big
picture of group curricula along with lesson exchanges
and active online discussions on a wide range of math
education topics.

The Math Forum

3210 Cherry Street

Philadelphia PA 19104

phone: 215.895.1080

www.mathforum.org

Rethinking Mathematics
Rethinking Mathematics: Teaching Social Justice
by the Numbers, edited by Eric Gutstein and Bob
Peterson, published by Rethinking Schools in 2005,
serves as a clarion call to educators secking to inte-
grate social justice with meaningful, academically
challenging mathematics learning. Though the accom-
panying website isn’t a substitute for the book, it
provides a generous selection of excerpts and work-
sheets.

Rethinking Schools

1001 E. Keefe Avenue

Milwaukee, WI 53212

phone: 414.964.9646

www.rethinkingschools.org/publication/math

Mathematical Association of America
Though primarily devoted to undergraduate-level
math, the Mathematical Association of America
(MAA) serves as a guide to the world of college math
into which our students are entering. The MAA
spreads into the world of K-12 education with its
Common Group reports describing the MAA’s efforts
to enconrage and facilitate discourse between mathe-
maticians and educators to improve K-12 mathematics
teaching and learning. SIGMAA QL, its quantitative
reasoning interest group, is an exciting resource for
deepening mathematics literacy and understanding.

The Mathematical Association of America

1529 Eighteenth Street, NW

Washington, DC 20036-1385

phone: 202,387.5200
WWW.Maa.org

Where to Go for More

The K-12 Mathematics Curriculum Center
The K-12 Mathematics Curriculum Center aims
to help teachers and administrators make thought-
ful, informed decisions about mathemarics curricula.
If you’re seeking or considering adopting a new
curriculum, the Center’s resources will be crucial to
your decision. The Center offers a range of ways to
examine the potential of various curricula - video
overviews, research reports, teacher narratives, and
summaries.

K-12 Mathematics Curriculum Center

Education Development Center, Inc.

55 Chapel Street

Newton, MA 02458-1060

phone: 800.332.2429
www.edc.org/mcc

Center for Proficiency in Teaching Mathematics
Funded by the National Science Foundation, the
Center for Proficiency in Teaching Mathematics
(CPTM) focuses on two questions: What mathemau-
cal knowledge and skill is needed for the effective
teaching of mathematics? How can teachers develop
and learn to use this knowledge and skill in their
professional practice? CPTM sponsors events, study
groups, research projects, and in-depth study and
training opportunities aimed at improving K-12 and
collegiate math education.

Center for Proficiency in Teaching Mathematics

1600H School of Education, 610 East University

The University of Michigan

Ann Arbor, MI 48109-1259

phone: 734.615.9048

email: cptm@umich.edu

WWW.Cptm.US

and

105 Aderhold Hall, College of Education
The University of Georgia

Athens, GA 30602-7124

phone; 706.542.4194

Math for America
Math for America (MfA) runs the Newton Fellowship
and Master Teacher Programs, generous high school
teacher training programs for aspiring and mid-career
educators. MfA’s website is a useful clearinghouse of
resources related to mathematics education, student
achievement, and teacher quality, with a strong practi-
cal section on teaching math in student-centered ways.

Math for America

50 Broadway, 23rd Floor

New York, NY 10004

phone: 212.206.0053

email: information@mathforamerica.org
www.mathforamerica.org



Go To The Source: More about the Schools and

Other Organizations Featured in this Issue

Schools

Amy Biehl High School

123 4th Street SW

Albuqueque, New Mexico 87102
telephone: 505.299.9409
www.abhs.k12.nm.us

Boston Arts Academy

174 Ipswich Street

Boston, MA 02215

telephone: 617,635.6470
www.boston-arts-academy.org

Eagle Rock School and Professional Development Center
2750 Notaiah Road ;
P.O. Box 1770

Estes Park, CO 80517-1770

telephone: 970.586.0600

www.eaglerockschool.org

El Puente Academy for Peace and Justice
211 S. 4th Street

Brooklyn, NY 11211

phone: 718.387.0404
www.elpuente.us/homepage.htm

New Mission High School

67 Alleghany Street

Roxbury, Massachusetts 02120
telephone: 617.635.6437

North Central Charter Essential School
1 Oak Hill Road

Fitchburg, Massachusetts 01420
telephone: 978.345.2701

email: info@ncces.org

WWW.NCCES.0rg

Parker Charter Essential School
49 Antietam Strect

Devens, Massachusetts 01434
telephone: 978.772.3293
www.parker.org

Skyview Academy High School
9000 York Street

Thornton, Colorado 80229
telephone: 303.853.1900
www.skyviewacademy.us

Vanguard High School

317 East 67th Street

New York, New York 10021
telephone: 212.517.5175
http://vanguard.r9tech.org

Other Organizations

College Preparatory Mathematics
1233 Noonan Drive

Sacramento, CA 95822

telephone: 888.808.4276
WWW.CPM.Org

Complex Instruction

Stanford University School of Education
485 Lasuen Mall

Stanford, CA 94305-3096

telephone: 650.723.2109
www.stanford.edu/group/pci

Interactive Mathematics Program
P.O. Box 2891

Sausalito, California 94966
telephone: 1.888. MATH.IMP
www.mathimp.org

New York Performance Standards Consortium
317 East 67th Street

New York, New York 10021

telephone: 212.570.5394

email: info@performanceassessment.org
www.performanceassessment.org



You've read the essays.
And the books.

You‘ve heard the speakers.
And taken the workshop.

But what do the Common
Principles really look like in
action? How do they sound?
What does it feel like when
students are using their
minds well?

The CES EssentialVisions DVD series

is the perfect way to complete your
understanding. Go inside today’s most
successful schools and experience the
Principles at work.

Disc1: Classroom Practice  Disc2: Student Achievement
Introduces: Brings to life:
* Less Is More, * Personalization
Depth Over Coverage * Demonstration of
¢ Student-as-Worker, Mastery
Teacher-as-Coach * Commitment to the
Entire School

Order Your Copy of EssentialVisions Discs 1 and 2
Online at www.essentialschools.org (click “CES Store”)
Or call us at 510 433 1451




This Year in Horace

23.1: Exhibitions: Demonstrations of Mastery in Essential Schools

Horace focuses on the ways Essential schools use exhibitions,
examining what is needed to implement an exhibition-based
curriculum, analyzing exhibitions at various grade levels and

within various disciplines, and discussing the impact of No Child

Left Behind on exhibitions and vice versa.

23.2: Essential Mathematics Education

Essential school mathematics educators debate the advantages

and challenges of responding to “less is mare” and other
CES Common Principles in mathematics, addressing what's
happening now in Essential school math instruction.

23.3: What's Essential about Elementary Schools?

Horace looks at the latest thinking in the CES network about
what defines CES elementary schools, inviting practitioners
to discuss how elementary schools express the CES Common
Principles.

23.4: Beyond Reform: Transformations

Horace explores how communities interrupt the status quo
and create the conditions for transformed schools. How do
transformed schools—and their larger environments—sustain
and evolve as student-centered, collaborative, academically
challenging and equitable places of learning?

The national office of the Coalition of Essential Schools gratefully
acknowledges support from the following foundations:

The Bill and Melinda Gates Foundation and the Annenberg Foundation




Translating Success:
How Careful
Planning Within

A Problems-Based
Curriculum Can
Prepare Students to
Enter College-Level
Math Classes

by Jessica Fillmore

Amy Biehl High School (ABHS) is a charter high
school located in downtown Albuquerque that serves
students from Albuquerque and the surrounding
communities. There is no “typical” ABHS student;
our student body is as rich and diversc as the city
iself. Despite our school population’s differences in
skills, special needs, socioeconomic class, race, culture,
and English proficicncy, we have one common ;;em[
for all our students: thar they arce able to succeed in
college. Infact, we ask students to prove that they are
on their way to achieving this goal while they are still
at our school through concurrent enrollment, requir
ing that they take and pass two college level courses in
their senior year.

Given the overall mission of our school, it makes
sense that the mission of the math team at ABHS is
for all students to succeed in a college level math class,
and this goal is the lens through which we examine
everything that we do. The curriculum that we use

in our efforts to achieve this goal is the Interactive
Mathematics Program (IMP). IMP helps to prepare
our students for success in college by instilling a

deep understanding of the generation and application
of various mathematical concepts. It fosters critical
thinking and independence. It teaches students the
value of questioning and collaborating with others
when faced with a difficult problem. All of these skills
are invaluable once a student is in the college class-
room. But how does IMP prepare students for the
tests that permit or deny access to college classrooms
in the first place?

Curriculum Translation

Almost all colleges and universities use some sort

of standardized test as a means of placing students
in math classes. One local university uses an ACT

math score, and another administers a placement test
specific to that school. While we may not agree with

the methods that colleges and universities use to place

students into math classes, we do not feel empowered

to change them anytime in the near future. Ensuring

that students succeed in college math classes means

making sure they get there in the first place. And that .
means preparing them for success on standardized

exams. But how does the type of mathematics learned

in a context-rich, problems-based curriculum translate

to the isolated skills that a student will encounter on



Sample Prob!ems__rin Translation

Translating Success

Solving basic equations is traditionally taught in the ninth grade in an Algebra I class. In IMP, it is covered at the beginning of

Year 2 in the unit Solve It!

Solving Equations: IMP

There are 8 mystery bags of equal weight and 10 ounces of
lead weights on one side of a pan balance, and 4 mystery bags
and 30 ounces of lead weights on the other side. How much
does each mystery bag weigh?

Solving Equations: Standardized Exam

Solve forx: 8x + 10 =4x + 30

Exponential Functions

Graphing exponential functions is sometimes covered in a ninth grade Algebra 1 course, but usually does not get taught inten-
sively until Algebra 2, In IMP, graphing exponential functions gets covered at the end of Year 2 in the unit All About Alice.

Graphing Exponential Functions: IMP

Alice’s height doubles for every ounce of cake that she eats.
Find out what Alice’s height is multiplied by when she eats
1,2, 3,4, 5, or 6 ounces of cake. Then make a graph of this
information.

Trigonometric Ratios

Graphing Exponential Functions: Standardized Exam
Graph the exponential function y = 2x

Using trigonometric ratios to find missing side lengths in a right triangle is typically covered in a Geometry course, which most
students take in their sophomore year. This topic is covered toward the end of Year 1 in IMP in the unit Shadows.

Using Trigonometric Ratios: IMP

Shredding Charlene is out surfing and catches the eye of her
friend, Dave the Dude, who is standing at the top of a vertical
chiff. The angle formed by Charlene's line of sight and the
horizontal measures 28°. Charlene is 50 meters out from the
bottom of the cliff. Charlene and Dave are both 1.7 meters
tall. They are both 16 years old. The surfboard is level with
the base of the cliff. How high is the cliff?

such an exam? The key is in the idea of translation.
It’s as if our curriculum were written in one language
and the tests in another. Our goal 1s for students to
understand both languages.

Students can get all the skills they need to be success-
ful college math students from the IMP curriculum.
The problem comes when they have to take what they
have learned in relation to a complex, weeks-long

unit problem to the symbol-heavy and context-poor
land of the standardized test. Though by now some-
what routine, it remains startling to watch a student
struggle with a more “traditional-looking” problem
just because of the way it appears, despite the fact that
he or she has demonstrated to me an understanding
of the concept repeatedly in the classroom. The task
that faces us, then, is helping our students to be able
to bridge the gap between the language of our curricu-
lum and that different-looking “testing” language they
will encounter as they transition from high school to
college. We currently implement two strategies in an
effort to help our students become better translators:
one is the use of our own standardized exams, and the

Using Trigonometric Ratios: Standardized Exam

A right triangle has a hypotenuse with a length of 12 feet and
an acute angle that measures 27°. What is the length of the leg
opposite the 27° angle?

other is our outcomes-based grading system.

In-House Standardized Exams

One of the ways in which our team is working on
bridging the gap is by giving our own standardized
exam to all our students each year. These exams were
created as a response to the need to better prepare
students for the math portion of the ACT, which is
the placement tool used by the local university that
the majority of our graduates attend. Many of our
students were not getting the required score of 22
that they needed on the ACT in order to be placed
into College Algebra, so our team decided that we
needed a structure in place that allowed us to collect
data on our students’ performance on a similar type
of test over the course of the four years that they are
with us. We created four in-house standardized exams
- one for each grade level - and began administering
them twice a year, once at the beginning of the year
and once again at the year’s conclusion. The questions
for the test come directly from various high school

Continued on next page



Translating Success

graduation and college entrance exams to be sure that
the testing language is authentic. Students’ scores then
become data that we can use to make decisions about
our own curriculum and assessment.

But just how does a biannually administered, in-house
standardized exam assist students in translating from the
language of our curriculum to the language of the test?
First of all, we are exposing our students to this “testing”
type of language. It is our hope that seeing this language
year after year in this type of setting will increase
students’ comfort and confidence with testing language.
But this is more of a side benefit than our actual goal in
doing this testing. The primary benefit of this process lies
in the data that is generated by these tests and the ways in
which the data informs how we plan.

Analyzing how students are doing on particular ques-
tions allows us to see where the gaps and holes are in
our four-year curriculum. We even group the problems
into various categories, and understanding how students
do within those categories (such as number sense or
proportional reasoning) allows us to see the areas in
which our curriculum is weak as well as the areas in
which it is strong. All of the skills necessary for success
on standardized exams and within college classrooms
are contained within the IMP curriculum; sometimes it’s
just a matter of figuring out where they are. Since the
skills are embedded in a problems-based context, it takes
a little work to identify correlations.

For example, in the Year 1 unit, The Pit and the
Pendulum, students use the idea of curve fitting to
determine if the prisoner’s escape in Poe’s famous story
is realistic by predicting how long it would have taken
Poe’s pendulum to make 12 swings. While students are
exposed to different curves in an investigative activity
called “Graphing Free-for-All,” it is up to the instruc-
tor to determine how formally these curves are treated
and how much emphasis is placed on finding equations
for various curves. The standardized exams allow us to
create a solid structure that we confidently feel contains
all the skills a student needs. And they allow us to be
deliberate, making sure students know exactly what it is
they are learning as well as exposing them to the way a
skill might look were it taken out of the context of the
unit problem they are attempting to solve.

Outcomes-Based Grading

Another useful tool in ensuring that students can trans-
late their knowledge and skills on a standardized exam
is the outcomes-based grading system. The outcomes
system is a way of assessing student learning that the
team has been developing over the past year. It involves
the teacher pinpointing and naming the specific skills
that are embedded in a given unit and then helping
students to focus on and sharpen those skills throughout
the unit. The teacher carefully investigates a unit before
4he students begin it, and then names the mathemati-

cal skills (usually eight or nine) that the student is
required to master by the completion of the unit. The
outcomes are shared with the students at the onset of
the unit and serve as a map of sorts, helping them to
navigate the sometimes muddy (in other words, not
mathematically obvious) processes they perform over
the course of a unit. Students are then held account-
able for demonstrating to the teacher that they have
mastered the outcomes in various settings, such as
homework assignments, in-class assignments, and
quizzes. Their work is judged to be either highly
proficient, proficient, or not yet proficient, and

they can continue to work on skills and readdress
outcomes as necessary throughout a unit. Outcomes
help students to name the skills that they are learn-
ing, and this naming helps to ensure that the skills are
more easily translated beyond the context of the unit
problem. Some examples of outcomes from the Year
2 unit, All About Alice, include solving problems
involving exponents, graphing exponential functions,
and understanding and using laws of exponents.

Students can see clearly the benefits of having an
outcomes-based grading system. “With IMP, it’s hard
to know what exactly you’re being taught because

of how the assignments are set up,” states Bethany
Trujillo, a tenth grader at ABHS currently taking

the second year of IMP. “Having outcomes it gives

a clearer point of what we’re doing, and also helps

Related Resource

to show that we know and are capable of doing the
work.” Outcomes are solid and tangible; they are
something that the student can go back to when they
need to be reminded of the purpose of an assignment.
Outcomes allow a student to connect the concepts
they are learning with some sort of larger mathemati-
cal picture. Aine Brazil, a ninth grader taking IMP

2, says, “Before outcomes, I didn’t know what was
expected of me for each assignment, but now it is clear
that each outcome is a skill that is important to learn
to keep moving forward academically.” Each outcome
becomes a link in the chain, and seeing this allows
students to transcend the contextual nature of IMP




and connect their knowledge in new and innovative
ways to spaces outside of the classroom. This, in turn,
improves students” ability to retain and use skills in an
unfamiliar setting, such as a standardized test.

In addition to helping students use skills in new
ways, outcomes prepare students by naming skills
and reinforcing those names so that students can
recognize the name and then recall the skill in a new
context. Because IMP is structured so differently from
traditional math curricula, the book is not divided
into discrete processes with the name of a particular
process in bold letters at the top of the page. Math in
context is rich and powerful in that it gives students
an understanding of the need for the mathematical
concepts they are learning, But sometimes the names
can get lost in the context.

For example, an IMP student might feel quite
comfortable finding the area of a rectangular lot with
a length of x + 3 and a width of x + 4, but might
have no idea what was being asked of him or her if a
problem said “multiply two binomials.” Outcomes
allow students to become familiar with the names of
concepts and skills and thus increase the likelihood
that a student will accurately interpret the directions
of a problem on a standardized exam. Students are
thus equipped to more accurately and easily translate
from a contextual setting to more formal mathematical
language and back again.

Opening the Gates

The ABHS math team does not propose that simply
teaching to the test prepares students for success in
college, though these translation skills have value
beyond the various gatekeeping standardized tests
that students will encounter as they move from ABHS
to their next educational steps. Preparing students
for the more formal language of standardized tests
also prepares them for success in the college class-
room where that more formal language is typically
employed. But the unfortunate reality is that students
have to have access to a class before they can succeed
in the class. It 1s our sincerest hope that someday a
new system will come into place that determines the
classes in which students belong based on a careful
examination into the mathematical background of
cach student. But in the meantime, we believe that
our mission is best achieved by waorking to prepare
students to succeed on these tests and pass through
these gateways. We haven't changed what we teach.
We've just been careful to expose students to what
the skills they are already learning might look like

in a different context. We believe that familiarizing
students with the more formal and rigorous language
of mathematics that they will encounter in their post-
secondary studies allows them to translate the deep

Translating Success

Fall Forum 2007!

A Principled Stand
November 8-10
Denver, Colorado

Get ready 10 join in this year’s conversation among
friends at the Adam’s Mark Hotel in Denver.
Registration for Fall Forum opens on our website,
www.essentialschools.org, in late August.

Fall Forum is the centerpiece of the CES network’s
year, attracting thousands
of educators, students,
family members, admin-
istrators, policy-makers,
and researchers commit-
ted to using the CES
Common Principles to
d create equitable, person-
alized, and academically
vibrant schools for all

children.

o7 This year’s theme is A
Principled Stand. To get
ready, we are collecting
comments from around the CES network about what
we stand for. We plan to use these brief comments in
conference materials, on our website in the coming
months, and at the conference itself.

FALL FORUM

We want to hear from you! Please visit www.essen-
tialschools.org/fallforum.html to tell us about the rela-
tionships, pedagogies, school structures, and educa-
tional policies that you stand for.

We're looking forward to seeing many new faces and
lots of old friends in Denver in November!

and useful learning that occurs in a curriculum like
IMP to this new setting.

Jessica Fillmore has been teaching math for three years. She
has been teaching the Interactive Mathematics Program at
Amy Bichl High School for the past two years.



_ What If Less Is Just

What if Less Is Just
Less?

The Role of Depth
Over Breadth in
The Secondary
Mathematics
Curriculum

by Roser Giné and Diane Kruse

One of the most challenging Common
Principles for mathematics educators in Essential

schools to implement is “less is more.” We arc acutely

aware of the role of mathematics performance as a

gatekeeper; college entrance and placement exams rely

heavily-on math scores, and the current cmph.n.is on
high-stakes testing makes passing math exams a high
school graduation requirement in many states. Once
our students getto college, they may find themselves
paying for math elasses for which they earn no credit;
many eolleges will not give credit for any math class
below college algebra (precalculus).

In addition to these immediate obstacles for our
students, problems and challenges facing mathemat-
ics education include: low mathematics scores of
American students in comparison to students from
other industrialized nations, decreased student enroll-
ment in undergraduate and graduate mathematics
programs, as well as lack of mathematical compe-
tence in today’s workforce. Although the need for
mathematics within science and technology fields is
significant, its role goes beyond career preparation;
mathematics reasoning is an indispensable tool for
informed participation in a democracy. Information
and knowledge of our world is increasingly under-
stood and disseminated through the examination of
patterns and trends; consequently, decision-making
within our society necessitates the individual’s ability
to sort through relevant information and synthesize
facts that affect a particular issue.

At the secondary school level, the achievement gap in
mathematics persists, even though federal and state
. mandates have increased the number of mathemat-

ics course requirements for all students. Research
indicates that African American, Latino, and Native
American students continue to score lowest on stan-

dardized assessments. Few of these students then
continue to study mathematics beyond lower level
courses in high school. This creates a situation for
student populations most at risk and, as stated in

the 1989 National Research Council’s Report, “No
one — not educators, mathematicians, or researchers

— knows how to reverse a consistent early pattern of
low achievement and failure. Repetition rarely works;
more often than not, it simply reinforces previous
failure”

Teachers and schools who want the best for their
students in this context are rightfully pushing for
more mathematics instruction. This may seem to be
at odds with “less is more,” since the first thing many
people assume they must do to live out this principle
is to start cutting content — and everything looks too
important to omit.

[n our practice as math teachers and curriculum

designers in several different Coalition schools, we

have come to see “less is more” in a different light.

Rather than a command to cut back, we see this prin- .
ciple as an invitation to consider the role of math-

ematics education through a different lens, with the

following question guiding our work: “What is essen-

tial for students to take away from their high school



mathematics education?”

When we begin to design programs around the larger
understandings and habits of mind that answer this
question, we build mathematics programs with a
coherence and vision that feel like “less™ to students,
as they focus on bigger questions that they investigate
in depth. At the same time, that laundry list of content
that feels so important to cover still exists, but within
a structure that allows students to understand and
retain what they have learned.

We focus first on uncovering what it really means to
be quantitatively literate. The following characteriza-
tion expressed by Alan Schoenfeld provides us with
a conceptualization of what we want for our students
and a starting point for curriculum design and imple-
mentation:

“Quantitative literacy is the ability to inter-

pret the vast amounts of quantitative data [one]
encounters on a daily basis, and of making
balanced judgments on the basis of those interpre-
tations. Quantitatively literate people are flexible
thinkers with a broad repertoire of techniques and
perspectives for dealing with novel problems and
situations. They are analytical, both in thinking
issues through themselves and analyzing argu-
ments put forth by others.”

This definition is congruent with recent reform efforts
that have focused on helping students learn to think
like mathematicians within their classroom settings.
Mathematics education is no longer skill development
through routine tasks; rather, it is an effort to present
students with complex situations where there is no set
solution, and the process of analysis, or breaking apart
a phenomenon to understand its components and their
effects on one another, takes precedence. Our goal is
to help students become well-versed in mathematical
language and proficient in symbolic manipulation so
that they internalize the tools of mathematics; in turn,
we can provide them with messy problems like those
mathematicians encounter, not just the formal struc-
tures through which mathematicians present their final
results. Our task thus has shifted to one that demands
students to take ownership of their learning through
the exploration of complex problem situations, while
teachers provide necessary guidance for students to
develop and access relevant mathematical knowledge.
We have attempted to implement “less is more” in

a variety of educational contexts. The schools we

have been part of include a pilot school in Boston,
New Mission High School (New Mission), a charter
school in Fitchburg, North Central Charter Essential
School (NCCES), and a charter school in Devens,
Francis W. Parker Charter Essential School (Parker).
The three schools are members of the Coalition of
Essential Schools and were founded as such; although

What If Less Is Just Less?

New Mission and Parker share more than ten years

of existence, they differ in the population each serves.
New Mission is considered an inner-city school, while
Parker mostly serves suburban residents. NCCES,

the newest of the three schools, is an urban school in
its fifth year of operation. Although the challenges
due to demographics guided our work in each of the
three schools, it is beyond the scope of this article to
address these in detail,

The Programs

All three of the programs we describe here have used
the Massachusetts state curriculum frameworks to
inform the course content. Students in these schools
must pass the MCAS, the state math exam, in order
to earn a high school diploma, and in the case of the
two charter schools, their very existence depends

on regular charter renewals that closely examine the
students” academic performance.

The educators designing these programs have looked
to find connections between topics that have been
separate, and integrated them through the use of
different unifying concepts, expressed through essen-
tial questions that capture the thematic focus of the
units. The programs spiral so that students see differ-

Related Resource

ent concepts several times in increasing depth. And
while all teachers in these programs model some
important mathematical procedures and techniques
through direct instruction and practice, they consis-
tently make space in their courses for deeper explora-
tions. The curriculum in these schools is not just a
list of things to know, but demands that students use,
explore, play around, discover, make connections, and
problem solve.

New Mission High School: Mathematical Elements
The mathematics curriculum framework at New
Mission High School (where author Roser Giné
taught from 1998 to 2004) evolved from leader- and

Continued on next page



