Math Out of the Box®: A K-5 Mathematics Curriculum and a Teacher
Profession Development Program

By Dorothy A. Moss

Background Information

Math Out of the Box is K-5 Mathematics curriculum and a companion professional
development program for teachers under development in the College of Engineering and
Science at Clemson University. The program’s overarching goal is to fulfill the
mathematical promise that exists in every child by providing teachers with innovative
materials, a mathematically challenging curriculum, and high quality professional
development.

Math Out of the Box is considered to be standards-based, research-based, and inquiry-
based. A standards-based curriculum can be recognized by the inclusion of mathematics
for all students, the inter-connectedness of processes and concepts, the connection to big
ideas of mathematics, the continuous building of foundational ideas vertically through the
grades, and the thoughtful identification of representations that build “intellectual
engagement” (Trafton, Reys, and Wasman, 2001). Research-based curricula are those
that are based on the body of knowledge that defines how students learn and how
teachers teach. In addition, research-based curricula add to this body of knowledge in a
continuous cycle of research and revision. Math Out of the Box is an inquiry-based
curriculum in that it is designed so that students construct their own knowledge under the
guided instruction of a teacher who has experienced similar knowledge construction.

The Math Out of the Box developers have worked at all levels of K-16 education. As
active participants in the decade-long South Carolina Statewide Systemic Initiative, the
developers have extensive experience in designing and delivering professional
development for education leaders, community organizations, and families. These
professional development experiences include in-service and pre-service classes and
workshops for mathematics and science teachers. As a result of these experiences in
mathematics and science reform, the developers of Math Out of the Box formed the
following beliefs about mathematics teaching and learning which are supported by the
research-base of the National Council of Teachers of Mathematics' Principles and
Standards for School Mathematics (NCTM, 2000):

o All students must have access to a curriculum that connects mathematical ideas.

e All teachers of mathematics need to be confident in their own teaching and
learning as well as that of their students.

o Students need to have rich and varied experiences and materials as part of their
mathematical learning.

e Assessment guides students in knowing what they have learned, aids teachers in
planning instruction, and informs the community.



e Technology supports students and teachers as they engage in rich mathematical
experiences.

The Math Out of the Box curriculum is designed to be released in four strands. The first
two strands, Algebraic Thinking (which addresses algebra and data analysis standards)
and Geometric Logic have been field tested and are currently available through the
publisher Carolina Biological Supply Company. The last two strands, Measurement
Benchmarks and Number Concepts are under development. The Measurement
Benchmarks strand will be published early in 2007. The Number Concepts strand will be
published beginning in 2008. These strands are vertically aligned through the grade levels
and provide a comprehensive mathematics curriculum that is designed to support the
mathematical development of all students, the professional development of teachers, and
the development of the larger school community.

Each grade level manual is designed around a mathematical big idea and arranged in
subconcepts. The following conceptual storyline shows the organizational design of third
the grade geometry manual:

Conceptual Story
Developing Geometric Logic: Shapes and Paths
Subconcept: Movements of shapes can be analyzed and

Big Idea: Geometry is a means to describe the physical world.

described.
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general description
for prisms, and
identify prisms in
the world around
them.

and list the
properties of
pyramids.

the attributes of
cones, cylinders,
and spheres.

Students analyze
and describe
transformations of
simple figures.

and reflect a variety
of quadrilaterals on
anumber line.

transformations of a
variety of
quadrilaterals on a
grid.

rotations of
polygons.

Subconcept: Attributes of polygons can be identified and described.

Lesson 5
Analyzing
Polygons

After sorting and
classifying two-
dimensional shapes,
students develop a
list of the properties
of polygons.
Pre-assessment

Lesson 6
Exploring
Quadrilaterals

Students generate a
list of geometric
properties a general
description of
quadrilaterals.

Lesson 7
Exploring
Parallelograms

Students develop
general descriptions
for parallelograms
such as squares,
rectangles, and
rhombuses.

Lesson 16
Symmetry

Students explore
symmetry in which a
shape is reflected
over a line.

Lesson 17
Congruent Shapes

Students analyze
sets of shapes to

Subconcept: Conclusions can be drawn about the position
and location of shapes.

identify whether or
not any of the
shapes have
congruency.

Lesson 18
Exploring Paths

Location and
position skills are
applied to map
design.

Subconcept: Conjectures about geometric properties can be made

and tested.
Lesson 8 Lesson 9 Lesson 10 Lesson 11
Representing Other Two- Combining Building Shapes
Points, Lines, Dimensional Shapes
and Angles Shapes Students combine

Students analyze
points, angles, and
rays to discuss ways
in which they are
similar and
different.

Students analyze
and describe the
group of curved
shapes by folding to
find lines of
symmetry.

As shapes are
combined to make
other shapes,
students discuss
the properties and
area of the new

shapes.

their knowledge
of two-
dimensional
shapes and three-
dimensional
shapes to explore
nets.

Math Out of the Box is developed through a rigorous process of research, development,

Lesson 19
Exploring Grids

Students describe

Lesson 20
Coordinate Grids

Students explore a

paths from one point
to another on a grid.

coordinate grid by
describing location
using both numbers
and directional
words.

Post-assessment

lesson testing, and revision. The body of research on teaching and learning reviewed in
the initial phase of the project included publications such as the following: How People



Learn: Brain, Mind, Experience, and School edited by John D. Bransford, Ann L. Brown,
and Rodney R. Cocking: Eager to Learn: Educating Our Preschoolers edited by Barbara
T. Bowman, M. Suzanne Donovan, and M. Susan Burns; and Understanding by Design
by Grant Wiggins and Jay McTighe. Other sources which focused on the teaching and
learning of mathematics included in the body of preliminary research were Adding It Up:
Helping Children Learn Mathematics edited by Jeremy Kilpatrick, Jane Swafford, and
Bradford Findell and the Handbook of International Research in Mathematics Education
edited by Lyn D. English.

Standards and goals documents were reviewed as part of the research phase. The
documents included the following:

e Project 2061, American Association for the Advancement of Science.
Benchmarks for Science Literacy. New York: Oxford University Press. 1993.

e National Council of Teachers of Mathematics. Principles and Standards for
School Mathematics. 2000.

e National Research Council. Inquiry and the National Science Education
Standards: A Guide for Teaching and Learning. 2000.

« National Research Council. National Science Education Standards. 1996.

o International Society for Technology in Education. National Educational
Technology Standards. 2000.

Learning Cycle

Math Out of the Box uses a learning cycle to foster inquiry-based learning. The learning
cycle used in the lessons gives teachers the structure that is needed to reach their students,
whether the teachers are traditional or inquiry-based in practice, providing teachers with a
template that promotes the development of active inquiry and critical thinking. The
learning cycle allows students to make connections between past and present learning
experiences and is based in the “cognitive principle of assimilation,” which implies that
understanding cannot be imposed on the learner, but instead is developed progressively
by the learner, beginning with concrete and progressing to abstract opportunities. The
learning cycle provides the opportunity for students to share ideas with others and to
more formerly connect what they have learned with what they already know.

The engage phase of the learning cycle allows students with varying prior experiences
and abilities to make connections between past and present learning experiences. Such
connections provide a natural pre-assessment opportunity for both the teacher and
student.

In the investigate phase of the learning cycle students are given common, concrete
experiences that challenge them to solve problems and investigate mathematical ideas.
Information is gathered, patterns are observed and analyzed, connections are made and
applied, and conclusions are drawn and defended.



The reflect phase of the learning cycle is where students think about how what they have
learned fits into what they already know. The teachers’ role is especially crucial because
it is their knowledge of mathematics that enables them to assist students in summarizing
and structuring their thinking into meaningful models of the mathematical ideas they
have explored.

In the application phase of the cycle, students and teachers can assess the depth of
understanding of the newly formed ideas. The new knowledge then becomes old
knowledge on which to connect new learning—and the cycle of learning continues.

In addition to the learning cycle, the Math Out of the Box curriculum is designed around
several components essential to inquiry. These components include:

Development of a community of learners

Extensive research corroborates the effectiveness of collaborative groups in K-5
classrooms and their use to build a learning community. After examining the large body
of research on cooperative groups, one group of researchers conclude that “Markedly
different theoretical perspectives (social interdependence, cognitive-developmental, and
behavioral learning) provide a clear rationale as to why cooperative efforts are essential
for maximizing learning and ensuring healthy cognitive and social development as well
as many other instructional outcomes” (Johnson, Johnson, and Stanne, 2000, p.9).

A model for verbal and written communication

The communication model in Math Out of the Box lessons provides a structure for
successful verbal and written experiences throughout each mathematical subconcept.
Discussion, questioning, reflection, and writing are communication strategies that ensure
that meaningful mathematical thinking occurs in mathematics classrooms.
Communication in the mathematics classroom permits learning to build on the students’
informal knowledge, gives students practice in explaining their mathematical thinking to
others, and provides students and teachers with evidence that learning has occurred.
(Yackel , Cobb, Wood, and Merkel, 1990; Malloy, 1997).

Explicit connections that make mathematics meaningful

The Math Out of the Box curriculum is designed so that students will develop the ability
to make meaningful mathematical connections. The ability to recognize relationships
among mathematical ideas and to apply those ideas beyond the mathematics classroom
has long been recognized as a hallmark of mathematical understanding (Brownell, 1954;
Skemp, 1978; Grouws & Cebulla; 2000). In recent years, the ability to recognize such
relationships is often referred to as "making mathematical connections." The benefits of
mathematical connections in developing mathematical understanding is well documented
in cognitive psychology, and is recognized as an essential part of learning mathematics
by mathematics teachers and educators (Stigler and Hiebert, 2004). In the 2004 TIMSS
Video Study, the making of connections among mathematical ideas was cited as the most



significant feature distinguishing the higher-achieving countries’ mathematics instruction
from the other countries in the study (Stigler and Hiebert, 2004). The importance of
making mathematical connections in developing mathematical fluency cannot be
overstated.

Balanced assessment practices

Assessment is an ongoing, essential component of the inquiry-based learning cycle used
in the Math Out of the Box curriculum. Assessments are built around concepts and skills
based on mathematical standards. The goals for assessment in the Math Out of the Box
curriculum are

e to guide students in knowing what they have learned.
e to allow the teacher to understand how students are thinking about mathematics.
e to aid teachers in planning instruction.

e to inform the community.

Two types of assessment are used throughout the lessons. Formative assessments are
embedded into the lessons, providing information to the teacher for instructional
decisions and information to the students about their own learning. Numerous studies
support the practice of formative assessment as a way to increase student success,
particularly with low-achieving students (Fuchs and Fuchs, 1986; Wiliam and Black,
1996). Summative assessments provide additional information about student learning and
can be evaluative in nature, providing information to a broader community. A variety of
assessment strategies are included in each lesson to allow students multiple opportunities
to demonstrate their knowledge and skills. Lessons that function as performance
assessments are included in each module.

A variety of problem solving experiences

Data from reform curricula of the 1990s indicate that students using curricula, with an
emphasis on problem solving, perform as well as students using traditional curricula on
basic skills and better on conceptual understanding on standardized tests (Schoenfeld,
2002; Senk and Thompson, 2003). Research indicates that opportunities to explore new
ideas balanced with opportunities to practice skills results in successful problem solving
(Grouws and Cebulla, 2000).

Researchers continue to find a relationship between the development of students as
thinkers and student success in problem solving and conceptual understanding. Studies
have examined the issues in classroom application when problem solving is considered as
a process rather than another topic in a mathematics curriculum (Fennema, Carpenter,
and Lamon, 1996; Kazemi, 1998; Kennedy, Tipps, and Johnson, 2004). The following
beliefs of the developers of the Math Out of the Box curriculum are based on such
research:



¢ A safe environment must be developed as part of the learning community so that
mathematical discourse can take place.

¢ Changes in thinking can occur as errors and misconceptions are reconceptualized.

e Successful problem solving often requires multiple attempts and multiple
strategies.

e Problem solving as a community leads to shared understanding of mathematical
ideas, individual accountability, and connections to life outside of the
mathematics classroom.

A diversity of materials, manipulatives, and models

Researchers advocate an environment of hands-on experiences in mathematics
classrooms. In addition to manipulatives, materials needed for this rich environment
include charts, graphs, writing models, diagrams, technology, and any tool that aids
students in sense-making and problem solving (Sowell, 1989; Hiebert et al., 1997;
Kilpatrick, Swafford, and Findell, 2001; Van de Walle, 2004).

Each Math Out of the Box unit includes a teacher’s manual with student blackline
masters and a kit of materials needed to effectively teach the lessons. Including the
materials as part of the curriculum and in professional development, ensures that
materials are used effectively by students to demonstrate and develop knowledge, to self-
assess learning, and to connect mathematic ideas. Embedding the use of materials
throughout the learning cycle of each lesson provides a powerful means of formative
assessment for the teacher as students investigate mathematical ideas.

Information About Professional Development

Innovative and meaningful professional development experiences provided in partnership
with established organizational structures are needed for successful implementation of
any curriculum (DuFour and Baker, 1998; Loucks-Horsley, Hewson, Love, and
Stiles,1998; Guskey, 2000). As strands of the Math Out of the Box curriculum are
developed, correlating professional development experiences in partnership with the
publisher and other organizations are also developed, field-tested, and revised.

In addition to these professional development experiences, the Math Out of the Box
curriculum includes embedded strategies to support and change teachers’ knowledge and
beliefs about mathematics. Throughout the lessons, procedures and processes of effective
teaching are modeled for teachers including effective questioning, writing strategies,
representation as a key to successful problem-solving, and reflective practices. The
learning cycle that is used to organize the lessons in the Math Out of the Box curriculum
provides teachers with an effective mechanism for including inquiry-based practices,
such as formative and summative assessments, throughout the mathematics lessons.
Research shows that teachers’ knowledge and belief systems can be affected by such



experiences (Fullan, 1982; Cohen and Ball, 1990; Fennema, Carpenter, and Lamon,
1991).

A variety of professional development models are offered to school districts participating
in research and implementation projects. An emphasis on mathematical content and the
necessary pedagogical strategies for implementing an inquiry-based curriculum are
provided to teachers. The mathematical concepts are developed vertically so that teachers
recognize their role in building foundations and making conceptual connections. The
professional development immerses teachers, working together in their grade level teams,
in the standards and mathematics of the strand, provides a model for implementation of
research-based strategies, and provides a vertical overview of the strand. Teachers are
introduced to a structure for team planning and reflection.

The current professional development program supports initial implementation of Math
Out of the Box. Plans to expand this program to include parents, business leaders, and
other community members in supporting the implementation process are in the works.
Additionally, there are plans to create a program of professional development for
sustainability. This program will support schools and districts beyond the initial
implementation phase and will focus on a number of areas including deepening the
mathematical content knowledge of elementary teachers, developing meaningful and
informative assessment practices, and improving instructional practices so that all
students are engaged in the process of learning.

Program Assessment-Filed Tests

Data collected from field test projects inform the final revision of the curriculum before
publication. Decisions about inclusion and quality of materials are made based on
feedback from field test teachers. Changes in instructional lessons are made based on
teacher feedback and data collected during classroom observations. Problematic issues
may be addressed directly in the curriculum through revisions, or they be addressed
through the professional development program, or both. For example, teachers report that
materials management is an issue at first. Using suggestions from teachers, the
developers include helpful information in the lessons. During professional development,
materials management is addressed and teachers are provided with an opportunity to plan
together to prepare for managing the materials efficiently to meet their personal needs.

Reflections from field test teachers are collected electronically. Following are several
examples from the third grade field test for Developing Algebraic Thinking: Plotting and
Growing:

Dear Teachers,

We hope you have had great experiences with the first two lessons in the
third grade manual. Please respond electronically to the following
prompts:

Please share something that you learned about your students that had to do



with the math in the lessons. Also share something you learned about your
students as a result of the kit lessons that wasn't mathematical.

From K. Senger

I learned that my kids had no idea how to use a tape measure. We have
not studied measurement yet and several didn't even know which end to
start with. The number 1 was not enough of a hint! My class is also very
talkative and I thought the group work would be a challenge for them. So
far it has gone okay and since the groups only have 2 in them they seem to
work better than in larger groups. I have enjoyed the kit so far and I think
the kids have too.

From N. Wolfe

I learned that my students knew how to measure straight objects using
inches and centimeters, but that it was difficult for some of the students to
figure out how to measure something round. The students enjoyed
working with a partner very much this week. All students had fun in math.
For the first time this year my lower level students could participate
equally with the faster achieving students. I learned that each of my
students would participate in a group if they felt comfortable with the
assignment.

From M. Jackson

My kids have loved using the kit so far. I was very surprised that my kids
already knew a lot about data. I even had one who gave me the same
definition that is listed in the kit. They were also very aware of how
important it is to test things in a fair manner. After planting the bulbs,
they were full of even more ideas on why it is so important to have fair
tests. I had one child tell me that it was a good thing that everyone was
here today to plant their bulbs, because if someone had been absent, it
wouldn't have been fair. I asked her to explain why, and she did it
correctly even using the word data in her explanation. In addition, I have
learned that I have numerous kids in my class that want to be the "leader."
I guess I have always known that, but during these first lessons, it has
become more evident. That makes it really hard to work in groups. That
is one thing I have been struggling with. I am still trying to match up
partners and groups. We are getting there though. Overall, I am pleased
with the kit. The kids are having fun and learning at the same time.

Student achievement data is collected from a variety of sources during field tests. Pre-
and post-assessment items are included in each teacher’s manual, many schools and
districts have a local diagnostic test, and the No Child Left Behind Act requires extensive
testing. Following are third grade field test scores for Developing Algebraic Thinking:
Plotting and Growing from South Carolina’s test, the Palmetto Achievement Challenge
Test (PACT)



Third Grade Field Test Results

Meeting Standard-All Third Graders

OsState B Math Out of the Box 89.9% of the 250 Math Out
of the Box third graders from
the three field test schools
met standard on the
mathematics section of the
third grade PACT in 2004
compared to the state rate of
82.7%.
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Meeting Standard-Free and Reduced Lunch

O State M Math Out of the Box 50% of the third graders in
the Math Out of the Box
classrooms were eligible for
the free and reduced lunch
program. Of those students,
84.6% met the standard on
the mathematics section of
the third grade PACT
compared to the state rate of
75.7%.
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Program Assessment —Pilot Projects

The pilot research projects are designed to provide data that enables developers to make
formative assessments concerning content issues, instructional issues, materials
management issues, and implementation issues. This information primarily informs the
content of the professional development program. Some issues are unique to schools and
addressed as such. Other issues are more universal, such as the lack of content knowledge
of teachers. A plan to develop a more comprehensive, content-focused program of
professional development is currently in the works. This program of professional
development will be made available to schools and districts who have adopted Math Out
of the Box to support them in continuing to improve teaching effectiveness and student
achievement outcomes.

Teachers use a pre/post retrospective to make comparisons about their role and the role of
their students before and after implementation. Student work brought to this session is
displayed and analyzed showing the conceptual story of the kit and the vertical
development of mathematics concepts. Teachers explore a middle school problem and
reflect on their role in preparing students to be successful solvers of such problems.

Assessment data for teachers has been collected predominantly from pilot sites and has
focused on the teachers’ instructional practices. During full group interviews that are
conducted in the early weeks of implementation, most teachers voice frustration with the
inquiry-based expectations of the curriculum. Data collected from observations of
classrooms during the early weeks of implementation provides evidence that the
curriculum supports most teachers in creating inquiry-based environments; however, the
weak mathematical content knowledge of the teacher often interferes with the teacher’s
ability to utilize student contributions in meaningful and instructive ways. After teachers
have implemented a complete strand (in most cases the Algebra/Data strand), they report
that they have learned “a lot of math” and that they have learned more about their
students than they ever knew before. Observations conducted toward the end of the unit
indicate that teachers have become more adept at supporting inquiry-based environments,
and they appear to be more comfortable with their own learning in that environment.
Teachers who plan regularly with grade level peers appear to have the most positive
experiences in terms of their own learning and in terms of improvement in instructional
and assessment practices.

Following are examples of written reflections collected from teachers involved in pilot
implementation projects:

4™ grade teacher

“I was excited about the depth of understanding that I gained in mathematics from the
professional development and implementation of the Math Out of the Box program. I
became more confident at teaching a variety of mathematical concepts such as algebra
and data...I became more a risk-taker [and] allowed my students more exploration time
and freedom to arrive at answers in multiple ways. [ was astounded at the students’

10



creativity throughout the implementation of Math Out of the Box. The most rewarding
experience BY FAR was the overwhelming enthusiasm students had for math with this
project. Lower level students were given frequent opportunities to experience success,

which helped them to really take ownership of their learning.”

4™ Grade Teacher

My students have shown me, through MOOTB that the “right” answer to a problem can
come in many forms. It’s interesting to experience how people can see things differently
and still be right. The kids teach me and show me new ways of seeing new concepts.
Sometimes they make an observation before I even begin the formal lesson. They know
I’m learning too—so they are patient with me. Thank Goodness!

Change takes time. The following student test data collected over time at a pilot site
where each strand of MOOTB was implemented along with the companion professional
development indicates that as a change in teacher content knowledge and pedagogy takes
place, the goal of student proficiency in mathematics is more likely to be met. In 2004,
the teachers at this school taught one strand of Math Out of the Box, followed by two
strands in 2005, and three strands in 2006. The top part of each column shows the
students who scored proficient and advanced, the middle part shows students who scored
basic, and the bottom part, students who scored below basic on the Palmetto
Achievement Challenge Test.

Grade 3

100%

90% H

30.9 341 352
80% + ' 425

70%

60% + a Prof/Adv

| Basic
o BB

50% -

40%

30% A

Percent Students

20% -

10% +
14.7 10.6

6.6

0%

2003 2004 2005 2006
PACT Years

Math Out of the Box Partners

Math Out of the Box is considered a pre-engineering elementary mathematics curriculum.
The business and industry partners who provide funding for the project have an interest in
a diverse workforce and recognize that elementary school mathematics is an important

piece of the education pipeline. Corporations and foundations including Dupont Office of
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Education, Michelin North America, Fluor Daniel, American Honda Foundation, John
Deere Foundation, Self Family Foundation, Ford Motor Foundation, General Electric
Fund provide financing for pilot programs and research projects.

Educational Testing Service creates assessment items, tests evaluation instruments,
collects and analyzes qualitative and quantitative data, and evaluates the Lawrence
Township, NJ project.

Carolina Biological Supply Company publishes the curriculum, provides financial
support to Clemson University, develops the hands-on materials in partnership with

Clemson University, and provides in-kind support for field tests and pilots.

Math Out of the Box field test and pilot programs have taken place in South Carolina,

Pennsylvania, New Jersey, and Illinois in over 500 classrooms with over 11,000 students.
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