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About National Action Council for Minorities in Engineering, Inc.

National Action Council for Minorities in Engineering, Inc. (NACME)’'s mission is to
provide leadership and support for the national effort to increase the representation of
successful African American, American Indian and Latino women and men in
engineering and technology, math- and science-based careers. Since its founding in
1974, NACME has become the largest private provider of scholarships in engineering for
underrepresented minority students. Over that span, we have provided more than
22,000 students with more than $114 million in scholarships at 160 colleges and
universities. Today, more than 1,200 undergraduates and 350 graduate students are
receiving support through NACME. We are the leading source of research information
on the status of minorities in engineering education and employment and are active in
the formulation of policy positions for improving opportunities for minorities in STEM.
Through collaborations with several partners, we are launching a national network of
urban-centered, open enrollment, high school level engineering academies that will
provide all students with a strong science and math education so that they will be
college-ready for engineering study.

About ConnectEd: The California Center for College and Career

ConnectEd: The California Center for College and Career is a non-profit organization
dedicated to advancing practice, policy, and research aimed at helping young people
prepare for both college and career through multiple pathways—a high school
improvement approach. Multiple pathways offer high school students a choice among
several different multi-year programs of study. Each pathway combines engaging and
challenging academic and technical programs of study organized around broad industry
themes, such as engineering and architecture; health sciences; and arts, media, and
entertainment. Pathways prepare students for careers and a full range of postsecondary
options, including 2- and 4-year college or university, apprenticeships, the military, and
formal employment training.
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Preface

The National Action Council for Minorities in Engineering, Inc. (NACME) received a
planning grant of $91,000 from Lumina Foundation for Education to develop a
comprehensive plan for increasing the number of underrepresented minority students
who begin their community college careers in developmental mathematics and later
successfully complete the bachelor's degree in engineering. The plan builds on the
pioneering work of the Achieving the Dream (AtD) community colleges in improving
student success rates in developmental mathematics and the national network of college
and university partners that have collaborated with NACME for the past 35 years, and
who are responsible for producing nearly one-third of the underrepresented minority
students in the nation graduating with engineering degrees.

The relative absence of African Americans, American Indians, and Latinos in science,
technology, engineering and mathematics (STEM) study and careers, and the need for
the U.S. to reverse this situation to better compete globally, is what NACME refers to as
“the ‘New’ American Dilemma.” The disparity in the representation of minorities, as well
as women, is becoming an increasing problem for the STEM disciplines given the
demographic changes occurring in society. African Americans, American Indians, and
Latinos constitute 30 percent of the nation’s undergraduate students, a proportion that is
expected to grow to 32 percent in 2010 and 38 percent by 2025. Latinos will account for
90 percent of the growth; they will constitute one-sixth of the nation’s population by
2011. Yet, today, fewer than 12 percent of baccalaureate engineering graduates in this
country are underrepresented minorities. The disproportionate participation of such
minorities in engineering programs is a striking testament to what is at best benign
neglect, and at worst active discrimination, and that has kept these young people out of
STEM programs.

Clearly, more attention must be focused on the community college portal to engineering
careers for underrepresented minority students. As of January 2009, community college
students constituted 44 percent of all U.S. undergraduates and 40 percent of first-time
freshmen. Forty-three percent of African American, 52 percent of American Indian, and
52 percent of Latino undergraduate students were enrolled in community colleges. At the
same time, 50 percent of African American, 64 percent of American Indian, and 55
percent of Latino science and engineering bachelor’'s and master’s degree recipients in
2004 and 2005 started their postsecondary careers at community colleges.

In this ambitious initiative, NACME identified a subset of AtD community colleges that
have formal or informal transfer and articulation relationships with one or more of the 50



Page |vii

partner universities in the NACME national network. NACME convened a National
Roundtable of 37 distinguished developmental mathematics and engineering science
faculty from AtD community colleges; engineering deans and faculty from NACME
partner universities; workshop facilitators; invited guests; and NACME staff to explore
the possibilities of project-based teaching and learning in intermediate algebra and pre-
calculus courses that integrate engineering awareness, concepts and skills. The
National Roundtable is intended as the first step in a multi-year effort designed to
develop curriculum resources for all levels of developmental mathematics courses that
engage students in learning and raise academic achievement through project-based
mathematics and engineering content; increase students’ awareness of engineering
careers and opportunities for transfer to four-year engineering colleges, beginning in
developmental mathematics courses, the earliest stage of their college careers; and pilot
test these new project-based curriculum materials and strategies to introduce students to
engineering careers at a group of leading two-year institutions.

NACME believes that among those underrepresented minority students who begin their
community college careers in developmental mathematics are the future engineers
needed to provide the scientific and engineering skills to solve the problems of energy
independence, environmental sustainability, infrastructure replacement, and many other
pressing societal needs. NACME, further, believes that diversity drives innovation and
that its absence imperils our designs, our products, and, most of all, our creativity—all
components of competitiveness.

Irving Pressley McPhail

Executive Vice President and Chief Operating Officer
Principal Investigator

NACME, Inc.
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Executive Summary

Community Colleges are Key to Building the Engineering Workforce and
Maintaining Our Nation’s Economic Competitiveness

The United States economy is facing a “New American Dilemma.” In a technology-driven
world, producing sufficient numbers of highly skilled professional engineers is essential
to global competitiveness. To achieve this goal, our racially and ethnically diverse
population must yield a large number of engineering professionals from all demographic
groups, including African Americans, American Indians, and Latinos. But, this is not the
current reality. Insufficient numbers of students from these underrepresented minority
groups are entering and succeeding in the undergraduate programs that lead to
professional engineering careers. Without their full participation in engineering education
today and the engineering workforce of tomorrow, economic competitiveness will
become an unfulfilled dream.

Community colleges must play a central role in resolving this dilemma by producing
more engineering graduates from underrepresented minority groups and helping them
transition into four-year engineering programs. The majority of these students begin
postsecondary education in two-year institutions. For these young men and women, the
road to an engineering career must begin at the community college doorstep.
Unfortunately, many of them face two disadvantages that lead to low enrollment rates in
baccalaureate engineering programs. Many underrepresented minority and low-income
entering students know little about the work of professional engineers or the education
required to pursue an engineering career. In addition, between 40 and 70 percent of
community college students are placed in developmental mathematics when they first
enroll (Blum, 2007). About three-quarters of these students never advance beyond non-
credit mathematics courses (Bahr, 2008), and therefore cannot pursue careers as
engineers.

Within community colleges, developmental education must be a target for action to
reverse the lack of minority engineers. The National Action Council for Minorities in
Engineering, Inc. (NACME) has taken on this challenge. With support from Lumina
Foundation for Education, NACME developed a comprehensive plan for increasing the
number of underrepresented minority students who begin their community college career
in developmental mathematics and successfully complete a bachelor’'s degree in
engineering. The key strategy in this multi-year initiative, called - Beyond the Dream:
From Developmental Mathematics to Engineering Careers for Underrepresented
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Minorities - is to produce engineering-focused, project-based mathematics curricula
designed for all levels of community college developmental mathematics courses.

The first step in this initiative was to convene a National Roundtable of distinguished
developmental mathematics and engineering science faculty and engineering deans
from NACME partner universities, and invited guests. ConnectEd: The California Center
for College and Career facilitated the NACME Roundtable, working with these
community college and university experts to build on existing project-based mathematics
curricula and begin developing a full sequence of developmental mathematics course
materials.

Results of the NACME Roundtable

Roundtable Participants Created Engineering-Focused, Project-Based
Applications for Developmental Mathematics

During the two-day Roundtable, participants began the creation of engineering-focused,
project-based curriculum for intermediate algebra and pre-calculus courses. These are
two of the four developmental mathematics courses that enroll large numbers of
community college students. Spirited brainstorming resulted in the design of four
intermediate algebra project outlines and four project outlines for pre-calculus. The
curriculum ideas focused on motivating and engaging students and addressing key
concepts in mathematics by asking students to work on authentic and challenging
engineering projects. They also incorporated faculty-identified teaching strategies that
are the hallmarks of successful mathematics project-based learning.

Project Implementation Will Enjoy Support and Also Face Challenges

Roundtable participants were asked to identify the factors that would influence
implementation of project-based instruction at their campuses. Several participants
estimated that about half of the faculty in their departments would be open to using
project-based instruction in developmental mathematics courses. Faculty might be
receptive to trying project-based teaching innovations because pass rates in
developmental mathematics courses frequently are low. Many students would find
project-based, hands-on curriculum more engaging and thus would achieve better
retention of mathematics content.

But, faculty and community college administrators also identified several potential
challenges to implementing project-based instruction. Successful implementation
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requires an investment in faculty professional development, larger classrooms with work
tables, and more materials and supplies than traditional instruction. Student services
staff need training on how to counsel students into engineering-focused developmental
mathematics classes, since many of these students may be scared off by the idea of an
engineering course. Most importantly, project-based classes need to have longer and
more instructional sessions, which may conflict with the constrained schedules and
economic circumstances of many community colleges and their students.

Next Steps for the National Roundtable

NACME and ConnectEd are poised to move forward with three activities aimed at
dramatically improving student success in community college developmental
mathematics courses. Together, these steps will help them design a full sequence of
engineering- and technology-themed, project-based developmental courses—from pre-
algebra through pre-calculus.

A First Step Is Creating an Action Plan to Adapt Existing Mathematics
Curricula

Participants at the National Roundtable strongly encouraged NACME to determine how
the pre-algebra and elementary algebra curriculum materials ConnectEd has previously
developed for high school Academies of Engineering (AOEs) can be adapted for use in
community colleges. These engineering-focused, mathematics instructional materials
are currently being used to support the AOEs that have been established and are
supported by NACME, The National Academy Foundation, and Project Lead The Way,
Inc. Exploring strategies to increase the length and change the structure of
developmental mathematics courses at two-year institutions is key to adapting existing
high school curriculum materials. It is also necessary to determine how the extra
materials and supplies associated with project-based learning can be made easily
obtainable for students and faculty.

A Second Step Is To Identify and Develop Implementation Funding
Opportunities

NACME and ConnectEd intend to partner to pursue funding opportunities that focus on
two phases of curriculum development work: (1) adapting the existing pre-algebra and
elementary algebra curriculum materials for use in community colleges; and (2) building
on the Roundtable’s initial efforts to produce project-based curricula for intermediate



Page |xiv

algebra and pre-calculus courses. A major additional benefit of this work will be the use
of these intermediate algebra and pre-calculus materials for students in AOEs and other
high school engineering and technology students.

A Third Step Is To Identify and Work with Pilot Sites on Curriculum
Adaptation and New Curriculum Development

Several participants at the National Roundtable have expressed strong interest in
serving as pilot development sites for further developmental mathematics curriculum
work and may begin piloting materials as early as the 2009-10 academic year. NACME
and ConnectEd will be seeking initial funding to support at least one community college
pilot site in each major region of the country for this effort.
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Introduction

Building the Engineering Workforce: The Challenge to

Community Colleges

Engineers truly shape our world, from their impact on the built environment to their
effects on our quality of life. So, it is not surprising that preparing a sufficient number of
professional engineers is an urgent task for America’s education system.

While every segment of the system—from K—12 through doctoral programs—is essential
to building the engineering workforce, community colleges play a unique and
increasingly important role. Because of their large and growing enroliments, relative
affordability, and open-door policies, community colleges are central to growing the
engineering profession and ensuring that the engineering workforce reflects the gender
composition and the racial and ethnic mosaic that is the U.S. population.

In the future, community colleges will be more important than ever before.

¢ Increasing numbers of students are starting their postsecondary careers in two-
year institutions. And this is where the maijority of African American, Latino, and
American Indian students begin postsecondary education. For these students,
early community college success and exposure to engineering as a career
opportunity will determine if they choose engineering as a career pathway.

¢ Many of these entering students, especially underrepresented minorities and low-
income individuals, arrive on campus with deficient mathematics skills. Between
40 and 70 percent of students are placed in developmental mathematics when
they enroll at community colleges (Blum, 2007). Only about one-quarter of these
students advance beyond these non-credit mathematics courses (Bahr, 2008).
Few of these failing students are candidates for careers as engineers, because
they are unlikely to complete the first critical step—a two-year college degree.

o Even students who successfully complete developmental mathematics and
progress into college-level courses are unlikely to pursue engineering majors.
Many come from backgrounds where they have little exposure to the work of
engineering professionals, and they know little about the education required to
pursue an engineering career.
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Increasing the size of the U.S. engineering workforce will depend on dramatically
changing this picture. Underrepresented minority and low-income students at community
colleges must be introduced to exciting and challenging engineering careers. They must
also master the mathematics skills that will take them from developmental education to
associate’s degrees and into four-year engineering programs.

Solving the problem of low mathematics achievement is one of the biggest challenges
facing educators at all levels of our education system. Community colleges must be part
of the solution, at least until the day when all students leave high school fully prepared to
succeed in college mathematics. The right place to start is to reverse the high failure
rates in developmental mathematics courses and view developmental mathematics
students as a critical, but untapped resource, for future engineers.

Crafting a Solution: The NACME National Roundtable

With major support from Lumina Foundation for Education, the National Action Council
for Minorities in Engineering, Inc. (NACME) has taken on the challenge of improving
student outcomes by reshaping community college developmental mathematics courses
to include project-based mathematics learning activities contextualized in engineering
problems and scenarios. To begin this new initiative, called Beyond the Dream: From
Developmental Mathematics to Engineering Careers for Underrepresented Minorities,
NACME convened a National Roundtable of developmental mathematics and
engineering educators as a first step. In creating the Roundtable, NACME’s immediate
objectives were to:

e raise developmental mathematics course completion rates;

e help developmental mathematics students identify engineering as a potential
career pathway by exposing them to the engineering field;

e help students transition into and achieve success in two-year engineering
programs; and

e encourage and facilitate transfer into four-year engineering schools and
successful completion of the bachelor’'s degree in engineering

NACME’s major strategy to achieve these objectives is to produce an engaging
curriculum that delivers significant engineering-focused, project-based content
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that can be used in all levels of community college developmental mathematics
courses.

The National Roundtable brought together a distinguished group of 37 community
college mathematics and engineering science faculty, four-year engineering school
faculty and administrators, special guests, and facilitators/organizers from 18 community
colleges and universities from across the country, including 15 Achieving the Dream
community colleges and 2 NACME partner universities. These dedicated educators are
committed to expanding the pipeline from developmental mathematics to engineering
careers for underrepresented minority students. The majority of the roundtable
participants are actively involved in the Achieving the Dream: Community Colleges
Count, a multi-year national initiative to help more community college students succeed.
The initiative is particularly concerned about student groups that traditionally have faced
significant barriers to success, including students of color and low-income students.
Achieving the Dream works on multiple fronts, including efforts at community colleges
and in research, public engagement and public policy. It emphasizes the use of data to
drive change.

NACME has also partnered with ConnectEd: The California Center for College and
Career, a leader in the movement to improve academic outcomes for high school
students through career-themed, project-based college and career preparatory programs
of study. ConnectEd'’s role is to build on the existing project-based mathematics curricula
ConnectEd created for high school Academies of Engineering (AOEs) and collaborate
with NACME’s community college experts to develop additional engineering-focused,
project-based material for a full sequence of developmental mathematics courses.
(Establishing a national network of AOEs is another NACME project—together with
partners Project Lead The Way, Inc. and the National Academy Foundation—that also
aims to increase the number of underrepresented minority, female, and low-income
students who are prepared to succeed in engineering and other STEM careers.)

The Mandate for Instructional Change

Why does NACME believe in the promise of project-based learning for improving student
academic success in developmental mathematics?

There is a growing body of research and consensus among educators and policy
experts that project-based instruction is more effective than traditional lectures in
fostering student engagement in learning and improving academic outcomes, including
standardized test scores (Golfin et al., 2007; Boaler 1998; Medrich, Calderon, and
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Hoachlander, 2002). Many students in lecture courses disengage from the learning
process; achieve only surface-level understanding of essential course content; and do
not develop critical problem-solving skills. In addition, in courses that are entirely lecture
based, students do not master the communication and teamwork skills that are essential
for work in nearly all professional fields.

However, at four-year colleges and universities, the world of classroom instruction has
started to change. Some of these institutions, including engineering baccalaureate
programs, are restructuring and emphasizing project-based and integrated learning. At
these engineering schools, principles of design and professional engineering are now
features of lower-division engineering courses, and there is more emphasis on life
sciences, interdisciplinary material, and the liberal arts (Mattis and Sislin, 2005). When
exposed to these alternative instructional approaches at the beginning of their
engineering education, students quickly learn to appreciate and apply the key knowledge
and skills that come from many disciplines and are required in authentic, professional
work.

Growing numbers of high schools are following this trend as well. They are adopting a
multiple pathways approach and organizing around broad career themes, such as
engineering, where instruction is interdisciplinary, classes include projects, and students
learn from professional mentors outside the classroom (Bradby et al., 2007).

As a result of these changes, pre-engineering instruction in high schools and
comprehensive engineering education in four-year colleges and universities is starting to
look more like the authentic work of engineering professionals. NACME is asking the
critical question: What about the institution in the middle—the community college? Isn’t it
time for these institutions to change as well, especially for the many failing students in
developmental mathematics? For the educators at the NACME National Roundtable the
answer was an unqualified “Yes!”

Getting Started
Goals of the National Roundtable

The ultimate goal of the NACME National Roundtable is to increase the number of
students in developmental mathematics courses who (1) enter and complete community
college engineering programs; and (2) transfer successfully to four-year engineering
programs.
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NACME believes that there are three key steps that must be taken to achieve this goal:

o Develop curriculum resources for all levels of developmental mathematics
courses that engage students in learning and raise academic achievement
through project-based mathematics and engineering content.

¢ Increase students’ awareness of engineering careers and opportunities for
transfer to four-year engineering colleges beginning in developmental
mathematics courses, the earliest stage of their college careers.

¢ Pilot test these new project-based curriculum materials and strategies to
introduce students to engineering careers at a group of leading two-year
institutions.

The Roundtable Process

The National Roundtable meeting was held at the AT&T Conference Center in Austin,
Texas, on April 15-17, 2009. The meeting was organized by NACME and facilitated by
ConnectEd staff using ConnectEd’s curriculum design strategies for achieving academic
improvement through project-based, career-focused instruction.

Working closely with NACME staff, the ConnectEd facilitators conducted an interactive,
two-day workshop for community college mathematics and engineering faculty and
administrators. The workshop aimed to build a conceptual foundation for project-based
curricula in intermediate algebra and pre-calculus courses [See the Roundtable Agenda
in Appendix A]. Because ConnectEd has already produced project-based curricula for
pre-algebra and elementary algebra—the first two developmental mathematics
courses—the Austin workshop focused primarily on the two remaining mathematics
courses in the developmental mathematics sequence: intermediate algebra and
pre-calculus.

Prior to the workshop, participants reviewed and addressed questions about research on
developmental mathematics and project- and problem-based learning. They
incorporated this learning into the workshop’s curriculum design activities. They also
received examples of the project-based curricula that ConnectEd has produced for pre-
algebra and elementary algebra courses currently used with students in high school pre-
engineering academies. [See lesson descriptions from several of the elementary algebra
curriculum units in Appendix C.]
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Over the two-day workshop, participants discussed the factors that support and impede
academic progress in developmental mathematics courses and exchanged ideas about
classroom strategies they have used to help students achieve academic success. They
also shared ideas for introducing developmental mathematics students to the work of
professional engineers and the range of engineering careers.

The most intensive and extensive activities at the workshop focused on the following:

¢ Helping faculty understand ConnectEd’s project-based instructional
approach by participating in a collaborative, hands-on project that was a
modified version of an existing pre-algebra curriculum unit. Designed for students
entering a high school engineering program, the project introduces the
Pythagorean Theorem and requires solving for missing sides of right triangles.
Participants also practice simplifying their irrational number solutions. In its full
version, this pre-algebra lesson introduces the analogies of ski lifts, subways,
and funiculars to explain mathematical concepts, which are used throughout the
unit.

¢ Identifying the most important concepts students must understand and the
skills they must develop to be successful in developmental mathematics.
For this activity, participants were divided into four groups, two for intermediate
algebra and two for pre-calculus. Each facilitated group isolated a set of key
concepts and skills essential for success in their assigned course, and the
groups came together to agree on consolidated lists.

¢ Creating frameworks—descriptions and major activities—for authentic,
engineering-based projects based on the mathematics concepts and skills
essential for student success in intermediate algebra and pre-calculus
courses. Four groups of participants collaborated to design frameworks (project
ideas, descriptions, and major student activities) for engineering-themed projects
that can be infused into intermediate algebra and pre-calculus courses.

Roundtable Products and Outcomes

The Roundtable was designed to produce the following immediate products and
outcomes:
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e Comprehensive lists of essential concepts and skills for success in intermediate
algebra and pre-calculus courses that will serve as the foundation for future
project-based curriculum development work

¢ Project frameworks (ideas and major student activities) for intermediate algebra
and pre-calculus courses that address essential concepts and skills through
authentic, engineering-based applications

¢ Guidance from engineering and mathematics faculty to NACME and ConnectEd
about whether project-based instruction would help them improve their students’
success in developmental mathematics courses and lead more students into
engineering careers

e Faculty and administrators’ opinions about the feasibility and challenges of
delivering developmental mathematics courses through project-based instruction

¢ An assessment of interest from faculty who would like a role in future
development work to design and pilot test new engineering-focused, project-
based curriculum materials

Concrete First Steps: Results of the National
Roundtable

What Do Developmental Mathematics Students
Need to Know and Be Able to Do?

Key Concepts and Skills in Intermediate Algebra

From the collaborative group activities described above, Roundtable participants
identified the set of major concepts and skills that students must master to be successful
in engineering courses and future mathematics courses. Isolating these concepts and
skills was an important first step toward identifying engineering-focused project ideas
and later designing curriculum units. The complete list of these concepts and skills is
shown in Appendix D.

It is important to note that faculty were not asked to separate the material in a traditional
developmental mathematics course into content that is important versus unimportant.
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Instead, they identified core areas of knowledge and skills that are particularly important
for academic success in mathematics courses, “deserve” the extra emphasis that would
come from a more time-intensive classroom project, and lend themselves to an authentic
engineering application.

Key Concepts and Skills in Pre-calculus

Roundtable participants also identified the set of major concepts and skills that students
must master to be successful in pre-calculus and progress into calculus | and are
applicable to engineering problems. These concepts and skills are shown in Appendix E.

Building Project-Based Applications of Key Mathematics
Concepts and Skills

The next step for the Roundtable participants was to translate important mathematics
concepts and skills into engineering-themed projects. They began this process by
building on their existing knowledge and experience with project-based learning. Many
faculty were already familiar with project-based instruction and indicated in their pre-
Roundtable survey responses and subsequent discussions that they have previously
included projects in their developmental mathematics courses.

By sharing their classroom experiences, faculty identified several common design
strategies that are the hallmarks of successful mathematics projects:

e Focusing explicitly on essential mathematics concepts and applications
¢ Including opportunities for students to build skills in working with data

e Making deliberate efforts to build students’ self-esteem through successful
project completion

¢ Incorporating activities that help students develop teamwork skills

e Engaging students in the learning process through real-world professional work
and completion of an actual product

o Creating an element of excitement through team competition
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e Focusing on engagement in learning through challenging and interesting subject
matter

Project Frameworks for Intermediate Algebra and Pre-Calculus

For each developmental mathematics course, two collaborative teams of mathematics
and engineering faculty engaged in spirited brainstorming to design engineering-based
projects. Using information from the earlier Roundtable sessions and discussions, their
task was to create project frameworks that met three criteria:

e Successful project completion requires students to understand and apply
essential mathematics concepts and skills.

e The project includes engaging content that is relevant to the lives of community
college students.

e The project focuses learning on authentic examples of professional engineering
work.

These teams created the following project frameworks that are summarized here and
described in detail in Appendix F.

Intermediate Algebra

To Text or Not to Text—Students make measurements and form predictions about the
fastest method of communicating using modern technology (cell phone texting, email,
phone calls, etc.). They use linear modeling to form conclusions about and communicate
rates of information transmittal.

Assembly Line Redux—Students use linear and quadratic equations and graphs to
design an assembly line. This production line must have a sensor placed on it that is
tripped by the containers moving along the line at a constant rate. A tripped sensor
causes a substance to drop from a predetermined height, and it must fall directly into the
container.

NASCAR Racetrack—Students apply algebraic and geometric concepts to design a
NASCAR racetrack according to certain specifications.

Computer Chip Design—Students design a computer chip to have the maximum area,
given a determined perimeter and other dimensional specifications, that allows for
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appropriate connections to other computer components. They experiment with different
designs and analyze geometric relationships graphically and symbolically.

Advanced Algebra/Pre-calculus

Marshmallow Launcher—Students design a launcher out of scrap materials to propel a
jumbo marshmallow the maximum distance. In the process, they model and analyze
projectile motion using different mathematical skills and concepts.

The Fundamentals of a Solar Panel—Students experiment with a solar panel to study
the maximum and minimum power output. They focus on how power output depends on
the angle of incidence and distance from the light source of the panel.

Circuit Theory—Students build resistive circuits powered by four energy sources: a
solar panel, a battery, a student-built capacitor, and a commercial capacitor. They
analyze and compare the currents and voltages through the different branches of their
circuits. Students finish the project by applying their knowledge to build and wire a solar-
powered car or boat.

“Survivor” Cooler—Students design and build an insulated container out of household
items to maintain the temperature of an object within a specific range for the longest
amount of time. In the process, they explore mathematical models of cooling over time
and analyze data from their own experiments with different insulating materials.

Making It Work: Implementing Project-Based Instruction in

Community College Developmental Mathematics

For NACME, project-based instruction is a promising strategy for achieving two
important goals: (1) engaging developmental mathematics students in learning and
helping them master fundamental math concepts; and (2) demonstrating how
professional engineers engage in interesting, challenging, and important work.

Can this strategy be implemented in actual community college settings? Are there
specific challenges—and success factors—related to project-based instruction that
NACME and ConnectEd must consider if they are to move forward with curriculum
development efforts? Are there challenges and success factors related to community
college students and community college environments that must also be addressed as
part of any future work?
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At several points during the National Roundtable, participants provided input on these
questions. In both small-group sessions and large-group discussions they provided
observations about the factors that will positively influence implementation of project-
based mathematics courses and the challenges community colleges and their faculty will
face.

Supporting Factors and Inferences about Potential Implementation

Several Roundtable faculty and administrators estimated that about half of the faculty in
their departments would be open to the idea of project-based instruction in
developmental mathematics courses; full-time faculty would likely be more supportive
than adjunct faculty. They identified several reasons why these individuals would be
likely to try this approach.

o Pass rates in developmental mathematics courses frequently are low. Current
efforts to deliver developmental mathematics through on-line courses are not
succeeding. Consequently, faculty might be receptive to trying a new and
different approach, such as project-based instruction.

e Some faculty are drawn to hands-on innovations. These faculty members might
see project-based instruction as a new and appealing type of approach.

e Students would find a project-based curriculum interesting and engaging, and
this would lead to improved retention.

Challenges and Inferences about Potential Implementation

Challenges Unique to Project-Based Instruction

e Faculty need professional development to use project-based instruction
successfully. Paying faculty to participate in this professional development will
require mobilizing currently scarce resources.

o Project-based instruction requires classrooms that facilitate this particular kind of
teaching, including work tables, moveable chairs, and a larger amount of space.

e Project-based instruction requires more instructional minutes than a traditional
lecture format. Normal semester-long schedules at community colleges do not
provide sufficient instructional time.
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o Students who struggle with mathematics are not a natural constituency for
engineering-focused developmental mathematics courses. Consequently,
student services staff need to understand how to counsel students into
engineering-focused developmental mathematics classes, since many of these
students will be scared off by the idea of an engineering course.

Challenges Related to Community College Environments and Students

¢ Many developmental mathematics courses are taught by adjunct faculty who do
not have the time to learn and enact any new type of instruction in their
classrooms.

e The busy lives, constrained schedules, and economic circumstances of many
community college students may conflict with the demands of longer classes.

e |tis critical that any new curriculum conform to prescribed standards in some
states.

Next Steps for Beyond the Dream:
From Developmental Mathematics to
Engineering Careers

NACME and ConnectEd are planning to move forward with three activities aimed at
dramatically improving student success in community college developmental
mathematics courses. Together, these steps will help ConnectEd to design a full
sequence of engineering- and technology-themed, project-based developmental course
materials—from pre-algebra through pre-calculus. They will simultaneously support
future work on another maijor effort to increase the number of underrepresented
minorities and women in professional engineering: the NACME, National Academy
Foundation (NAF), and Project Lead The Way effort to build 110 high school Academies
of Engineering throughout the U.S. by 2012.
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Step #1: Develop an Action Plan to Adapt Existing

Mathematics Curricula

Participants at the National Roundtable strongly encouraged NACME and
ConnectEd to determine how ConnectEd’s existing engineering-themed, project-
based pre-algebra and elementary algebra | instructional strategy can be adapted
for use in community colleges.

Participants at the National Roundtable generally believe that the content and projects in
the existing curricula (developed for pre-algebra and elementary algebra instruction in
Academies of Engineering) probably would not require major modification for use with
community college students. However, this is an empirical question that needs to be
answered through further collaboration and piloting with community college educators.

Furthermore, important aspects of the instructional delivery system in community
colleges need to be examined and possibly changed for a project-based curriculum to
succeed.

Project-based instruction takes longer than teaching with a traditional lecture
format. Therefore, the usual 45 hours of instruction available in a semester are
not sufficient to cover required content in a developmental mathematics course.

Possible Solution: Increase the number of hours of instruction for
developmental mathematics courses by combining them with College
Success courses and offering this combined course for additional credits.

Students require time to set up and dismantle their projects each time they work
on them. Therefore, traditional 50-minute class periods do not lend themselves to
project work.

Possible Solutions: Schedule project-based courses using a laboratory
science class model with one 45-minute and one 90-minute class each
week. Or, as suggested earlier, increase the number of instructional
minutes by combining developmental mathematics with a College Success
course. This combination would provide the additional advantage of
allowing students to develop their college success skills, such as effective
note taking and time management, while completing their engineering-
themed, mathematics projects.
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¢ Projects require special materials, and cash-strapped community colleges cannot
afford this additional expense; charging individual laboratory fees is not feasible
for many low-income students; materials fees that students pay as part of their
tuition often are not allocated to departments.

Possible Solution: Package project materials so that students can
purchase them as sets, much like they purchase textbooks. In this way
students will be able to use some forms of financial aid to pay for course
material.

Step #2: Identify and Develop Implementation
Funding Opportunities

NACME and ConnectEd intend to partner to pursue funding opportunities for future
curriculum design and implementation activities aimed at community colleges. This
fundraising will also benefit current mathematics curriculum design efforts aimed at high
school AOEs. Fund development will focus on two phases of curriculum development
work: (1) identifying funding to adapt ConnectEd’s existing pre-algebra and elementary
algebra curriculum materials for use in community colleges; and (2) generating funding
to build on the Roundtable’s initial efforts to produce project-based curricula for
intermediate algebra and pre-calculus courses.

Adapting Existing Curricula for Pre-Algebra and Elementary Algebra

Over the past two years, ConnectEd has developed and piloted engineering- and
technology-focused curriculum units for pre-algebra and elementary algebra courses
under a contract with the National Academy Foundation (www.naf.org). Funding is
needed for further work to adapt these units for community college use and to identify
and test implementation strategies.

Develop New Curriculum Materials for Intermediate Algebra and Pre-Calculus/Advanced
Algebra Courses

The important initial steps in this process were completed at the National Roundtable:
identifying key course concepts and skills and creating frameworks for project-based
intermediate algebra and pre-calculus courses. NACME and ConnectEd have begun to
identify potential foundation and government funding sources to underwrite this major
curriculum development effort. They have also started conversations with AOE partners
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to coordinate development efforts for the community college and high school focused
mathematics curriculum work.

Step #3: Identify and Work with Pilot Sites

Work with faculty and administrators at community college pilot sites will involve
adapting existing pre-algebra and elementary algebra course material, if necessary,
planning required changes in course schedules and credit structures, and planning for
new curriculum development related to intermediate algebra and pre-calculus.

Several participants at the National Roundtable have already expressed an interest in
serving as pilot development sites. NACME and ConnectEd will be seeking initial funding
to support a group of five community college pilot sites, or at least one in each major
region of the country for this work [See Figure 1]. The pilot-testing process will likely
include

o providing professional development for mathematics faculty from the pilot sites;

e conducting focus group meetings with college faculty and administrators to
identify and plan structural changes needed for the implementation of project-
based instruction;

e pilot testing project-based curriculum over two academic semesters; and

¢ evaluating results against the following metrics: pass rates and grades in
developmental mathematics courses, rates of transition to higher-level
mathematics courses, enrollment continuity in community college classes, and
enrollment in engineering science transfer degree programs.
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Conclusion

NACME believes that adequately addressing the lack of underrepresented minorities in
engineering and other STEM fields is only possible with the full participation of
community colleges. Developmental mathematics courses, where many potential
engineers begin their postsecondary education, are the right starting point for exposing
students to the exciting opportunities in engineering-related careers and launching
students into these career paths.

With huge success, NACME has started this work, but much more needs to be done.
The National Roundtable conducted to kick-off Beyond the Dream: From Developmental
Mathematics to Engineering Careers for Underrepresented Minorities is only a first step
in a multi-year initiative to expose more underrepresented minority students to
engineering careers and propel them toward professional engineering through an
engineering-focused, project-based developmental mathematics curriculum. With the
curriculum development and implementation suggestions generated by the Roundtable
participants, NACME and its partner, ConnectEd, will move forward to produce and pilot
a developmental mathematics program of study for community colleges. They firmly
believe the new curricula will have a significant impact on the number of students that
begin in developmental math courses and complete four-year engineering degrees.
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Appendix A—National Roundtable Agenda
OPENING EVENING SESSION: Wednesday, April 15, 2009

Reception [6:00 p.m.—6:30 p.m.] (Prefunction Ballroom)
Dinner [6:30 p.m. —8:00 p.m.] (Conference Room 301)

o Welcome and Introduction—Dr. Irving Pressley McPhail, Executive Vice
President & Chief Operating Officer, NACME, Inc.

e Greetings—Dr. Samuel D. Cargile, Senior Program Director, Lumina
Foundation for Education

e Plan for the Next Two Days—Dr. Paula M. Hudis, Director, Pathway and
Curriculum Development, ConnectEd: The California Center for College and
Career

DAY ONE: Thursday, April 16, 2009

Breakfast and Discussion [7:00 a.m. —8:00 a.m.] (Salon D)

Challenges to Success for Developmental Mathematics Students in Community
Colleges

Session| [8:00 a.m. —9:45 a.m.] (Classroom 104)
Setting the Stage for our Work

e Workshop Objectives, Approach, and Agenda

e Pre-workshop Survey Results

e Developmental Mathematics Education: Brief Overview of Key Research
Findings

e Project-based Instruction: Mathematics Through Engineering Examples

Break [9:45 a.m. —10:00 a.m.]
Session Il [10:00 a.m. —12:00 p.m.] (Classroom 104)

Small-group work: In-depth, hands-on exploration of ConnectEd’s project-based
mathematics curriculum

Lunch and Discussion [12:00 p.m.—-1:00 p.m.] (Salon D)

My Greatest Success Working with Developmental Mathematics Students
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Sessions lll and IV [1:00 p.m. — 5:00 p.m/] (Classroom 104)

Small-group work: Intensive activity to identify the key mathematics skills
students must master to be successful in Intermediate and College Algebra and
to prepare for success in a community college engineering program

Goal for this pivotal session: To identify the key content areas around
which curriculum designers would begin developing engineering-focused,
project/problem-based curriculum units for developmental intermediate
and college algebra courses. The session builds on work participants
completed and sent to NACME prior to the workshop.

Dinner [6:00 p.m. —-7:30 p.m.]  (Salon D)

DAY TWO: Friday, April 17, 2009

Breakfast and Discussion [7:00 a.m. — 8:00 a.m.] (Conference Room 301)

Strategies for Introducing Community College Developmental Mathematics
Students to Engineering Careers

Sessions land Il [8:00 a.m.-11:45a.m.] (Classroom 104)

Small-group work: Intensive activity to create frameworks for engineering-based
projects in developmental mathematics courses (Intermediate and College
Algebra)

Lunch and Hotel Check-out: [11:45 a.m. — 12:45 p.m.] (Conference Room 301)
Session lll [12:45 p.m. - 1:45p.m.] (Classroom 104)

Feedback on Project Frameworks: Small groups share and critique project
frameworks

Session IV [1:45 p.m. - 3:00 p.m.] (Classroom 104)

Wrap-up discussion: Implementation considerations for successfully introducing
a project-based, engineering-focused developmental mathematics curriculum.
The discussion builds on readings and reflections participants completed prior to
the workshop.

Adjourn [3:00 p.m.]
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Norwalk Community College

Lynn Marino
Capital Community College
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California State University, Los Angeles
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Houston Community College District
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Florida International University

Brad Sandrock
Community College of Allegheny County
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University of Alaska, Anchorage
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Danville Community College

Ken Swinney
Bevill Community College
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Bevill Community College

Jue-Ling Tai
Danville Community College

Nwachi Tafari
Guilford Technical Community College

Tom Tucker
Montgomery County Community College
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Lumina Foundation for Education
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University of Texas at Austin
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University of Texas at Austin
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ConnectEd
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ConnectEd
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ConnectEd
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Tara Falcone
NACME, Inc.

Irving Pressley McPhail
NACME, Inc.
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Appendix C—Lesson Descriptions for Elementary
Algebra Curriculum Units
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Algebra I Supplemental Curriculum

Unit 1: The Puzzle Cube

Solving single-variable linear equations
Students solve for the missing lengths in technical drawings by solving increasingly % % % %
difficult single-variable equations. The technical drawings are schematics of 3-D puzzle % % %

pieces that students then build and fit together as a cube.

Lesson Descriptions

Lesson 1: Using Variables
The first lesson of the unit explains the definition of variables and how they are used in mathematics. In

this lesson, students sketch shapes that have dimensions described by variables. They then substitute
values for variables to evaluate mathematical expressions. In subsequent lessons, students will expand
these skills to build the pieces of the puzzle cube correctly.

Lesson 2: Solving 1-Step Equations

This lesson introduces solving 1-step linear equations with one variable. Students are given a diagram of the
net that will fold into the first of seven pieces that will form the puzzle cube. The diagram has missing
lengths that students must solve for by using the given information to write appropriate equations. After
they solve for the missing lengths, students will construct the puzzle piece out of card stock.

Lesson 3: Solving 2-Step Equations

To solve for the missing dimensions on the next two puzzle pieces students must create the correct 2-step
linear equations with one variable. They then solve this type of equation and construct the puzzle cube
pieces. A homework assignment is included in the lesson.

Lesson 4: Solving Equations with the Distributive Property

Students learn how to solve equations that include use of the distributive property. They first review the
concept of distributing multiplication over addition by using an area model. Next, they practice setting up
and solving this type of equation by figuring out the dimensions of the next two pieces of the puzzle cube
(pieces D and E) that they then construct. Finally, students review for and take a quiz on what they have
learned so far in the unit. Homework assignments are included.

Lesson 5: Solving with Variables on Both Sides of the Equation

Equations with are variables on both sides are solved to calculate the dimensions of the final two pieces of
the puzzle cube. When all seven of the puzzle pieces are constructed correctly, students solve the puzzle
either individually or in groups. The class discusses how many unique solutions there are to the puzzle.
Homework assignments are included.

IN PARTNERSHIP WITH:

& gggﬁ%{ﬁg for College and Career é NATIONAL »
Wl ¥ % cademy NACME

i X ati National Action Council for
"Transforming today’s educa}lon theway FOUNDATION Minoribes in Engineening, inc.
for tomorrow’s economy

Copyright © 2008 by The National Academy Foundation. All rights reserved.
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Algebra I Supplemental Curriculum

Unit 2: Air Traffic Control

Graphing and interpreting two-variable linear equations

Students analyze the distance vs. time graphs of planes approaching the same
airport at different speeds. Slope and intercept concepts are discussed. Students
discover what happens to the graphs when orders are given to each plane to change
their speed or direction. They then design an air traffic control plan that safely

lands several planes in the shortest amount of time.

Lesson Descriptions

Lesson 1: Data Tables, Coordinates, and Graphs

This is the first lesson of the unit introduces the role of air traffic control in the air transportation system.
Students then analyze the progress of three different planes by filling out data tables and graphing the planes’
distances from the airport given their speed and the elapsed time. During the process, students practice
plotting coordinates and calculating distance, rate, and time relationships.

Lesson 2: Rates of Change

Students explore how rates of change are expressed graphically. They figure out that a constant rate of
change, in this case the constant speed of a plane, will result in a straight line. The faster the rate, the steeper
the graphed line will be. Students also have the opportunity to think about what a non-linear graph would
express about a quantity’s rate of change. A homework assignment is included in the lesson.

Lesson 3: Positive and Negative Slopes

Students are introduced to the formal definition of slope in this lesson, and they are asked to calculate and
interpret the meaning of positive and negative slopes. Students are also asked to produce graphs of the
progress of a plane traveling away from the airport at different speeds and to contrast their graphs with those
of the plane moving toward the airport. A homework assignment is included in the lesson.

Lesson 4: The Slopes of Parallel Lines

Students continue to work with the concept of slope, this time exploring the relationship between slope and
parallel lines. A homework assignment is included in the lesson.

Lesson 5: Safe Landings

Students apply what they have learned about slope and rate of change to act as air traffic controllers for the
three planes they have been working with. Their goal is to land all of the planes safely at the airport while
also meeting distance and timing constraints.

(Continued)
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Lesson 6: Writing Equations from Graphs

Students learn how to write linear equations when given two points. They begin by setting up an equation
to solve for the distance that corresponds with a given point in time when only two points are known on the
line. Then students create the general equation of the line by replacing the specific time with a variable.

Lesson 7: Slope-Intercept and Standard Forms

Students convert equations between slope-intercept and standard forms and explore which form is more
useful for different applications. Homework is included.

Lesson 8: Air Traffic Control Project

In this final lesson of the unit, students synthesize what they have learned about linear graphs and equations
to engineer the safe and time-efficient landing of five planes arriving at an airport at various speeds and from

two different flight paths.

Copyright © 2008 by The National Academy Foundation. All rights reserved.
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Algebra I Supplemental Curriculum

Unit 3: Inequalities and Tolerances
Solving and graphing linear inequalities

Inequalities are explored as a way to express different types of ranges and engineering tolerances.
Students solve inequalities to calculate the proper tolerances for the construction of a small scissor

lift. They then build the machine and communicate its range of motion and size as inequalities.

Lesson Descriptions

Lesson 1: Single Variable Inequality Statements and Graphs

The first lesson introduces students to the building project that will be completed during the unit—a car
jack-sized scissor lift. Students are taught how to express ranges as inequality statements though examining
the specifications of different scissor lifts. A homework assignment is included.

Lesson 2: Solving Single-Variable Inequalities

Lesson 2 focuses on stating, solving, and graphing linear inequalities. Students are taught the main
properties of inequalities and use those properties to justify how to solve inequalities. They then graph their
solutions. Students will apply the mathematical skills taught in this lesson by calculating the correct design
specifications for the scissor lift they will be building in class. A homework assignment is included.

Lesson 3: Describing Engineering Tolerances

Students are taught three ways of expressing engineering tolerances—compound inequalities, + notation,
and absolute value statements. After practicing these different notations, students apply their knowledge to
read design specifications and build the components of a scissor lift to satisfy real engineering tolerances. A
homework assignment is included.

Lesson 4: Graphing 2-Variable Inequalities

In this lesson, students are taught how to graph two-variable inequalities, and they compare these graphs to
two-variable linear equations that they have already worked with. After practicing graphing, students apply
their knowledge to determine the feasible region of solutions for situations involving more than one
inequality.

Lesson 5: Assembling the Scissor Lift

In this last lesson of the unit, groups of students assemble a working scissor lift from the components they
built in previous lessons. Groups test to see if their product meets all of the required specifications.

IN PARTNERSHIP WITH:
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Algebra I Supplemental Curriculum

Unit 4: Visual F/X

Graphing quadratic equations in vertex and standard forms

Students examine the graphs of quadratic equations in vertex and standard forms and &
draw conclusions about symmetry, the vertex, and roots. They apply their knowledge
to design visual effects of falling, jumping, and thrown objects for a movie. A

computer simulation of the jumps and throws aids students’ visualization of the
mathematics.

Lesson Descriptions

Lesson 1: What is the Path of a Falling Object?

The first lesson introduces students to the design project that they will be completing during the unit—two
movie scenes that require visual effects of thrown objects and jumping characters. The initial activity asks
students to analyze and describe the motion of objects being dropped from a moving vehicle. They record
and graph data points from time elapsed photographs of the falling objects.

Lesson 2: Exploring Parabolas — Vertex Form

Lesson 2 introduces students to the vertex form of the quadratic equation ( + k)- Students

y=a(x-hy
complete a graphing-calculator exploration of how the constants in the vertex form affect the shape of the
graph. They then practice sketching graphs based on the values of 4, 4, and 4, and record their new
knowledge on a study sheet. The lesson concludes with students applying their knowledge to create a general
equation that models the paths of falling objects under the influence of earth’s gravity.

Lesson 3: Placing the Manhole

Students discover that they must solve for the x-intercept of the parabola to know where a falling object will
hit the ground. Doing this calculation provides the motivation for solving simple quadratic equations and
interpreting the answers. At the end of the lesson, students apply what they have learned so far in the unit to
design Scene 7a of the movie.

Lesson 4: Exploring Parabolas — Standard Form

Students are introduced to the second movie scene that they must design in this unit, this time using

equations in standard form ( ). Students explore the effects of changing the variables in the

y=ax’+bx+c
standard form equation on a parabolas shape, and they use their conclusions to begin designing the
trajectory of jumps and thrown objects to meet certain requirements.

Lesson 5: Designing the Scene for Scenario 2

Lesson 5 is the culminating experience for this unit. Students design the three trajectories involved in the
movie scene 14c and express them as quadratic equations in standard form. They then program the
trajectories in a computer application that animates the scene.
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Algebra I Supplemental Curriculum

Unit 5: The Catapult Game

Solving quadratic equations by factoring and the quadratic formula

A game manufacturer would like to bring a catapult game to market, and has asked the
class for design suggestions. Students determine the dimensions and area of rectangular
targets to practice factoring and multiplying polynomials. They then determine where

to place a catapult to hit targets at different heights by solving quadratic equations.

Lesson Descriptions

Lesson 1: Multiplying Binomials and Finding Area

Students are introduced to their project during this unit, which is to design the targets, playing
area, and scoring system for a new catapult game. The first lesson focuses on how to find the
areas of rectangular targets by multiplying their dimensions. Students multiply binomials,
simplify the answers, and suggest scores for hitting the each target according to its relative size.

Lesson 2: Graphs of Equations in Factored Form

In the previous lesson, the area of each target was expressed as a product of two binomials. Students graph
quadratic functions that communicate the possible areas for each target. They calculate the zeroes of each
function to find what values for x would result in impossible targets (zero or negative area). In the process
students discover the convenience of equations in factored form.

Lesson 3: Finding Dimensions By Factoring

Lesson 3 asks students to determine the dimensions of rectangular targets given their areas expressed as
second degree polynomials. In groups, students devise a process for factoring polynomials that makes sense
to them.

Lesson 4: Analyze Catapult Trajectories
The game manufacturer must now decide which of several different catapults should be used with the targets

designed during the previous lessons. Students are asked to calculate the distance each catapult should be
placed from a target in order for its projectile to hit that target at a given height. In the process, students
learn how to solve quadratic equations by factoring and the quadratic equation.

Lesson 5: Play the Catapult Game

The culminating experience of this unit allows students to play the catapult game they helped design.
Students use their graphing calculator to find the quadratic regression of projectiles launched from a real
catapult. They solve appropriate forms of their quadratic equation to calculate the best placement of their
catapult to hit targets at various heights.

IN PARTNERSHIP WITH:

5 B Connect

The California Center for College and Carcer -y
ﬁl & {%1 NATIONAL NAC’ E
"ltansforming today’s education I% ca emy ; 1 I
for tomorrow’s economy theway FOUNDATION B e

Copyright © 2008 by The National Academy Foundation. All rights reserved.






Page |33

Appendix D—Intermediate Math Knowledge and
Skills

Bolded Skills: Participants Designated As Most Mathematically
Important and Applicable to Engineering Projects

1 Elementary Algebra

1.1 Real Numbers and the Number Line

1.2 Operations with Real Numbers and Algebraic Expressions

1.3 Properties of Integral Exponents

1.4 Scientific Notation

1.5 Solving Linear Equations

2 Functions, Linear Functions, and Inequalities
2.1 Graphing Linear Functions

2.2 Slope of a Line

2.3 Equation of a Line (Point-Slope, Standard, Slope-Intercept)

2.4 Solving Linear Inequalities in One and Two Variables

2.5 Compound Inequalities

2.6 Equations and Inequalities Involving Absolute Value

3 Systems of Equations and Inequalities

3.1 Solving Linear Systems of Equations in Two Variables (Graphing,
Substitution, Elimination)

3.2 Linear Systems of Equations in Three Variables

3.3 Matrix Solutions to Linear Systems

3.4 Solving Linear Systems of Equations: Determinants and Cramer’s Rule

3.5 Systems of Linear Inequalities and Linear Programming
4 Polynomials, Polynomial Functions, and Factoring

4.1 Addition, Subtraction, and Multiplication of Polynomials and
Polynomial Functions

4.2 Greatest Common Factors and Factoring by Grouping

4.3 Factoring Trinomials

4.4 Factoring Special Forms

4.5 Solving Equations Using the Zero Product Rule
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Bolded Skills: Participants Designated As Most Mathematically
Important and Applicable to Engineering Projects—Continued

5 Rational Expressions, Functions, and Equations

5.1 Multiplying and Dividing Rational Expressions

5.2 Adding and Subtracting Rational Expressions

5.3 Solving Rational Equations

5.4 Synthetic Division

6 Radicals, Radical Functions, and Rational Exponents

6.1 Inverse Properties of nth Powers and nth Roots

6.2 Multiplying, Dividing, and Simplifying Radical Expressions

6.3 Radical Equations

6.4 Imaginary and Complex Numbers

7 Quadratic Equations and Functions

7.1 Solving Quadratic Equations: The Square Root Method

7.2 Solving Quadratic Equations: Completing the Square

7.3 Solving Quadratic Equations: The Quadratic Formula

7.4 Solving Quadratic and Rational Inequalities

8 Exponential and Logarithmic Functions

8.1 Exponential Functions

8.2 Composite and Inverse Functions

8.3 Logarithmic Functions

8.4 Solving Exponential and Logarithmic Functions

8.5 The Irrational Number, e

9 Conic Sections and Nonlinear Systems of Equations

9.1 Parabolas

9.2 Circles

9.3 Ellipses

9.4 Hyperbolas

9.5 Nonlinear Systems of Equations and Inequalities

10 Sequences, Series, and the Binomial Theorem

10.1 Sequences and Series

10.2 Arithmetic Sequences and Series

10.3 Geometric Sequences and Series

10.4 The Binomial Theorem
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Appendix E—Pre-Calculus Knowledge and Skills

Bolded Skills: Participants Designated As Most Mathematically
Important and Applicable to Engineering Projects

1 Functions and Their Graphs

1.1 Analyzing Graphs of Functions
1.2 Shifting, Reflecting, and Stretching Graphs
1.3 Combinations of Functions

1.4 Inverse Functions

1.5 Mathematical Modeling

2 Polynomial and Rational Functions
2.1 Quadratic Functions

2.2 Polynomial Functions of Higher Degree

2.3 Polynomial and Synthetic Division

2.4 Complex Numbers

2.5 Zeros of Polynomial Functions

2.6 Rational Functions
2.7 Partial Fractions
3 Exponential and Logarithmic Functions

3.1 Exponential Functions

3.2 Composite and Inverse Functions

3.3 Logarithmic Functions

3.4 Solving Exponential and Logarithmic Functions

3.5 The Irrational Number, e

4 Trigonometry
4.1 Trigonometric Functions: The Unit Circle

4.2 Right Triangle Trigonometry

4.3 Trigonometric Functions of Any Angle

4.4 Graphs of Sine and Cosine Functions

4.5 Graphs of Other Trigonometric Functions

4.6 Inverse Trigonometric Functions
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Bolded Skills: Participants Designated As Most Mathematically
Important and Applicable to Engineering Projects—Continued

5 Analytic Trigonometry

5.1 Using and Verifying Trigonometric Identities

5.2 Solving Trigonometric Equations

5.3 Sum and Difference Formulas

5.4 Multiple-Angle and Product-to-Sum Formulas
5.5 Law of Sines; Law of Cosines

5.6 Vectors and Dot Products

5.7 Trigonometric Form of a Complex Number
6.1 Solving Two-Variable Systems of Equations
6.2 Multivariable Linear Systems

6.3 Systems of Inequalities

6.4 Linear Programming

6.5 Matrices and Systems of Equations

6.7 Operations with Matrices

6.8 The Inverse and Determinant of a Square Matrix
7.1 Arithmetic Sequences and Partial Sums
7.2 Geometric Sequences and Series

7.3 Mathematical Induction

7.4 The Binomial Theorem

7.5 Counting Principles

7.6 Probability

8.1 Parabolas

8.2 Ellipses

8.3 Hyperbolas

8.4 Rotation of Conics

8.5 Parametric Equations
8.6 Polar Coordinates

8.7 Graphs of Polar Equations
8.8 Polar Equations of Conics
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Appendix F—NACME Roundtable: Intermediate and
Advanced Algebra/Pre-Calculus Project Ideas

Intermediate Algebra

Project Title: | To Text or Not To Text

Students make measurements and form predictions about the fastest
Project method of communicating with modern technology (cell phone
Description: texting, email, phone call, etc.). They use linear modeling to form
conclusions about and communicate rates of information transmittal.

e Teams or pairs of students time each other transmitting
messages of a defined length using different methods of
communication. They repeat the experiment using various
message lengths.

e Students graph their collected data and form a best-fit linear

Main model. They learn about rate of change as it relates to slope.

Activities: e Students write equations that communicate the relationships
shown by their graphs.

e Student use the graphs and equations to predict how long it
would take to transmit messages of various lengths, including
very large data files. They decide which method of
communication is fastest for certain lengths of messages.

Key Scientific Notation (1.4), Solving Linear Equations (1.5),

Mathematical

Concepts and Graphing and Analyzing Linear Functions (2.1, 2.2, 2.3),

Skills Systems of Linear Equations (3.1)




Project Title:

Project
Description:

Main
Activities:

Key
Mathematical
Concepts and
Skills
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Assembly Line Construction

Students use linear and quadratic equations and graphs to design
an assembly line. The assembly line must have a sensor placed on
it that is tripped by the containers moving along the line at a
constant rate. The tripped sensor causes a substance to drop from
a determined height, which then must fall directly into the container.

e Teams or pairs of students construct a conveyor that moves
containers on it at a constant speed. They then model the
movement of the containers with linear graphs and equations.

e Students model the time it takes a substance to free fall from a
given height using quadratic equations.

¢ Students design an assembly line with a correctly placed
sensor to cause the substance to get dropped into the
containers.

Solving Linear Equations (1.5),
Graphing and Analyzing Linear Functions (2.1, 2.2, 2.3),
Radical Expressions and Equations (6.2, 6.3),

Solving Quadratic Equations (7.1, 7.2, 7.3), Parabolas (9.1)



Project Title:

Project
Description:

Main
Activities:

Key
Mathematical
Concepts and
Skills

Project Title:

Project
Description:

Main
Activities:

Key
Mathematical
Concepts and
Skills

Page |39

NASCAR Racetrack

Students apply the algebraic and geometric concepts to design a
NASCAR racetrack to meet certain specifications.

e Students analyze the specifications (spectator capacity,
parking, track length, etc.) and design an appropriate racetrack.
They then communicate their design through scale drawings
and/or 3D models.

e Students perform a cost analysis of the construction of the
racetrack assuming linear cost models.

Solving Linear Equations (1.5),

Graphing and Analyzing Linear Functions (2.1, 2.2, 2.3),

Computer Chip Design

Students design a computer chip with the maximum area, given a
determined perimeter and other dimensional specifications, that
allows for appropriate connections to other computer components.
Students experiment with different designs and analyze geometric
relationships graphically and symbolically.

¢ Students analyze the specifications (spectator capacity,
parking, track length, etc.) and experiment with different chip
designs.

e Students communicate the range of possible chip surface
areas using inequality statements.

e Students solve quadratic equations to find the dimensions of
rectangular chips of a certain area.

Solving Linear Equations (1.5),

Inequalities (2.4, 2.5), Solving Quadratic Equations (7.1, 7.2, 7.3)



Page |40

Advanced Algebra/Pre-Calculus

Project Title: Marshmallow Launcher
Project Students design a launcher out of scrap materials to launch a
Description: jumbo marshmallow the maximum distance. In the process, they

model and analyze projectile motion using different mathematical
skills and concepts.

Main e Inteams, students build launchers of their own design.

Activities: e Students model projectile motion using kinematic equations.
They calculate the point where their launched marshmallow will
hit the ground by solving polynomial equations and graphing.

¢ Students analyze the factors involved in the accuracy of their
launcher model.

e Students analyze the effect of launch angle on the range of the
marshmallow trajectory.

e Students analyze the more important factors involved in the
efficiency of launchers.

Key Analyzing Graphs of Functions (1.1), Mathematical Modeling (1.5),
Mathematical
Concepts and
Skills (2.2),

Trigonometry and Trigonometry Functions (4.2, 4.3, 5.1),

Quadratic Functions and Parabolas (2.1, 8.1), Polynomial Functions

Vectors and Dot Products (5.6), Parametric Equations (8.5)




Project Title:

Project
Description:

Main
Activities:

Key
Mathematical
Concepts and
Skills
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The Fundamentals of a Solar Panel

Students experiment with a solar panel to study the maximum and
minimum power output. Students will focus on the dependence of
power output on the angle of incidence and distance from the light
source.

e Students are introduced to solar panels as a method of
generating electricity.

e Students determine, symbolically model, and graph the
relationships between power output, distance from light source,
angle of incidence, and surface area of the panel.

e In groups, students compare their results and analyze the
differences.

Analyzing Graphs of Functions (1.1),
Mathematical Modeling (1.5),
Quadratic Functions (2.1, 8.1),

Trigonometry and Graphs of Trigonometry Functions (4.2, 4.3, 4.4)



Project Title:

Project
Description:

Main
Activities:

Key
Mathematical
Concepts and
Skills
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Circuit Theory

Students build resistive circuits powered by (1) a solar panel, (2) a
battery, (3) a student-built capacitor, and (4) a commercial
capacitor. They then analyze the currents and voltages through the
different branches of their circuits.

e Students are introduced to energy sources and energy storage.
They measure currents and voltages for two- and three-loop
circuits and analyze the charging and discharging of capacitors.

e Students use matrix theory to solve for unknown currents and
voltages.

e Students build a capacitor using common materials, such as
paper, aluminum, parafilm, and so on.

e Students compare the results of using different energy sources.

e Students apply their knowledge to build and wire a solar-
powered car or boat.

Analyzing Graphs of Functions (1.1), Mathematical Modeling (1.5),
Quadratic Functions (2.1),

Exponential, Composite, Inverse, and Logarithmic Functions
(3.1,3.2,3.3,34)

Solving Two-Variable and Multi-Variable Systems of Equations (6.1,
6.2)

Solving with Matrices and Operations with Matrices (6.5, 6.7, 6.8)



Project Title:

Project
Description:

Main
Activities:

Key
Mathematical
Concepts and
Skills

Page |43

“Survivor” Cooler

Students design and build an insulated container out of household
items to maintain the temperature of an object within a specific
range for the longest amount of time. In the process, students
explore mathematical models of cooling over time and analyze data
collected from their own experiments with different insulating
materials.

e Students use a temperature probe to collect data on cooling
objects over time. They plot the data and model the relationship
of temperature vs. time for different insulating materials.

e Students work with Newton’s law of cooling and other
mathematical models of temperature change to predict the
temperature of a given object at a future time.

In groups, students build an insulated container to keep a
hypothetical medicine within a given temperature range for the
longest time period possible. They then test their designs in a
competition.

Analyzing Graphs of Functions (1.1),
Mathematical Modeling (1.5),
Exponential and Logarithmic Functions (3.1, 3.3, 3.4),

Solving Two-Variable Systems of Equations (6.1)









é 4
National Action Council for
Minorities in Engineering, Inc.
440 Hamilton Avenue, Suite #302

White Plains, NY 10601-1813

Phone: 914-539-4010
Fax: 914-539-4032

www.nacme.org
www.nacmebacksme.org





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




