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Preface

Tech Prep has become the leading educational reform
movement in the United States because it focuses on improving
student achievement in academic subjects, particularly for the
middle 60 percent . . . those we call the “neglected magjority.”
We call them “neglected” because academic subjects such as
mathematics, science, and English have traditionally been
taught in a manner that benefits abstract learners¥s and most
Tech Prep students are not abstract learners. In fact, research
by learning theorist David A. Kolb and others concludes that
less than one-fourth of our students are abstract learners; most
students learn best when they can connect new concepts to the
real world through their own experiences or experiences
teachers can provide them.

Tech Prep opens the door to higher education as well asto
high-skill jobs because it requires the blending of high-level
academic skills with technical and employability skills.
Employers are no longer looking for workers who can perform
only a prescribed set of tasks or operate equipment; they want
workers who can continuously grasp new information and
acquire new skills, who can improvise, solve open-ended
problems, and work effectively in teams. The key to the door
of higher education is mastery of academic disciplines; the key
to successful employment is mastery of “useful academics.”

One fundamenta change in curriculum essential to the
successful implementation of Tech Prep curriculain grades
nine through fourteen is the teaching of afoundation of basic
knowledge and skills. This must be done before further
knowledge and skills can be added to that foundation.
Technical (career-specific) courses cannot be taught



successfully without students first understanding the technical
principles that underlie them (the academic or theoretical

basis). We know it is redlistic to have high expectations of
academic achievement from nearly al students if we restructure
our learning materials and teaching to match their learning
styles, and use hands-on contextual teaching and learning
methods to help them learn.

For nearly a decade (1985 to 1995), the “applied
academics’ movement demonstrated that students who had
previously performed poorly in abstract math and science
courses could achieve high levelsin those subject areas if they
were taught in an applied or hands-on format. Instead of
watering down the content (as had been done in courses for
general education), CORD’s applied academics courses
maintained academic rigor but introduced real-world examples,
applications, and problems, and engaged the students in
laboratory activities using equipment familiar to life and actual
work applications. In other words, it wasn't easier; it was just
easier to learn. More than 5.5 million students nationwide have
enjoyed success through applied academics curricula. More
than ten thousand teachers have been trained in applied
academics methodology.

In the past five years, state and national standards for math
and science have evolved; this has required adjustments to the
content, organization, and pedagogy of specific courses and of
assessments. In response to this, CORD, a not-for-profit
education research and reform organization, has prepared this
booklet to aid educators who are engaged in the vital and
growing field of contextual learning.

Facing the Challenge

What is the best way to convey the many concepts that are
taught in a particular class—or any other class—so that a//
students can use and retain that information? How can the
individual lessons be understood as interconnected pieces that
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build upon each other? How can ateacher communicate
effectively with students who wonder about the reason for, the
meaning of, and the relevance of what they study? How can we
open the minds of a diverse student population so they can
learn concepts and techniques that will open doors of
opportunity for them throughout their lives? These are the
challenges teachers face every day, the challenges that a
curriculum and an instructional approach based on contextual
learning can help them face successfully.

The mgjority of studentsin our schools are unable to make
connections between what they are learning and how that
knowledge will be used. This is because the way they process
information and their motivation for learning are not touched
by the traditional methods of classroom teaching. The students
have a difficult time understanding academic concepts (such as
math concepts) as they are commonly taught (that is, using an
abstract, lecture method), but they desperately need to
understand the concepts as they relate to the workplace and to
the larger society in which they will live and work.

As the need for higher-level academic and work skills
increases, the challenge to help all students master these skills
grows stronger. In many schools across the country, Tech Prep
has become the agent for change in this area—opening doors
for afresh approach to teaching and learning.

Tech Prep curricularequire not only a stronger academic
foundation and a higher caliber of work skills, but also a better
understanding of how academic concepts relate to the
workplace and how vocational skills connect with these
academic concepts. This higher level of learning is not usually
taught even to the academically “above-average’ student,
much less to the average student who needs it most.
Traditionally, students have been expected to make these
connections on their own, outside the classroom.

However, growing numbers of teachers today—especialy
those frustrated by repeated lack of student successin
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demonstrating basic proficiency on standard tests—are
discovering that most students’ interest and achievement in
math, science, and language improve dramatically when they
are helped to make connections between new information
(knowledge) and experiences they have had, or with other
knowledge they have already mastered. Students' involvement
in their schoolwork increases significantly when they are taught
why they are learning the concepts and zow those concepts can
be used outside the classroom. And most students learn much
more efficiently when they are allowed to work cooperatively
with other students in groups or teams.

Dan Hull

President and

Chief Executive Officer
CORD

February 1999
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The Contextual Approach to Learning

Contextual learning is a proven concept that incorporates
much of the most recent research in cognitive science. It is also
areaction to the essentially behaviorist theories that have
dominated American education for many decades. The
contextual approach recognizes that learning is a complex and
multifaceted process that goes far beyond drill-oriented,
stimulus-and-response methodol ogies.

According to contextual learning theory, learning occurs
only when students (learners) process new information or
knowledge in such away that it makes sense to them in their
own frames of reference (their own inner worlds of memory,
experience, and response). This approach to learning and
teaching assumes that the mind naturally seeks meaning in
context—that is, in relation to the person’s current
environment—and that it does so by searching for relationships
that make sense and appear useful.

Building upon this understanding, contextual |earning
theory focuses on the multiple aspects of any learning
environment, whether a classroom, a laboratory, a computer
lab, aworksite, or awheat field. It encourages educators to
choose and/or design learning environments that incorporate as
many different forms of experience as possible—socidl,
cultural, physical, and psychologica—in working toward the
desired learning outcomes.

Teaching Mathematics Contextually: The Cornerstone of Tech Prep 1



Are You Teaching Mathematics Contextually?
Take this self-test and see.

These standards appear to some degree in aimost all texts.
But contextual instruction isrich in al ten standards.

1. Arenew concepts presented in real-life (outside the
classroom) situations and experiences that are familiar
to the student?

2. Are concepts in examples and student exercises
presented in the context of their use?

3. Are new concepts presented in the context of what the
student aready knows?

4. Do examples and student exercises include many real,
believable problem-solving situations that students can
recognize as being important to their current or possible
future lives?

5. Do examples and student exercises cultivate an attitude
that says, “I need to learn this’?

6. Do students gather and analyze their own data as they
are guided in discovery of the important concepts?

7. Are opportunities presented for students to gather and
analyze their own data for enrichment and extension?

8. Do lessons and activities encourage the student to apply
concepts and information in useful contexts, projecting
the student into imagined futures (e.g., possible careers)
and unfamiliar locations (e.g., workplaces)?

9. Are students expected to participate regularly in
interactive groups where sharing, communicating, and
responding to the important concepts and decision
making occur?

10. Do lessons, exercises, and labs improve students
reading and other communication skillsin addition to
mathematical reasoning and achievement?

2 Teaching Mathematics Contextually: The Cornerstone of Tech Prep



In such an environment, students discover meaningful
relationships between abstract ideas and practical applications
in the context of the real world; concepts are internalized
through the process of discovering, reinforcing, and relating.
For example, a physics class studying thermal conductivity
might measure how the quality and amount of building
insulation materia affect the amount of energy required to
keep the building heated or cooled. Or abiology or chemistry
class might learn basic scientific concepts by studying the
spread of AIDS or the ways in which farmers suffer from and
contribute to environmental degradation.

Curricula and instruction based on this strategy will be
structured to encourage five essential forms of learning:
Relating, Experiencing, Applying, Cooperating, and
Transferring (Figure 1).

Relating
Experiencing
Applying
Cooperating

Transferrin g

Figure 1. Essential elements of the
REACT strategy

Relating. Learning in the context of life experience, or
relating, isthe kind of contextual learning that typically occurs
with very young children. For toddlers, the sources of learning
are readily at hand in the form of toys, games, and everyday
events such as meals, trips to the grocery store, and walksin
the neighborhood.
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As children grow older, however, providing this
meaningful context for learning becomes more difficult. Oursis
asociety in which the workplace is largely separated from
domestic life, in which extended families are separated by great
distances, and in which teens lack clear societal roles or
responsi bilities commensurate with their abilities.

Under ideal conditions, teachers might smply lead
students from one community-based activity to another,
encouraging them to relate what they are learning to real-life
experience. In most cases, however, given the range and
complexity of concepts to be taught and the limitations of our
resources, life experiences will have to be evoked through text,
video, speech, and classroom activity.

The curriculum that attempts to place learning in the
context of life experiences mugt, first, call the student’s
attention to everyday sights, events, and conditions. It must
then relate those everyday situations to new information to be
absorbed or a problem to be solved.

Experiencing. Experiencing—Ilearning in the context of
exploration, discovery, and invention—is the heart of
contextual learning. However motivated or tuned-in students
may become as aresult of other instructional strategies such as
video, narrative, or text-based activities, these remain relatively
passive forms of learning. And learning appears to “take” far
more quickly when students are able to manipulate equipment
and materials and to do other forms of active research.

In contextual academics texts, laboratories are often based
on actual workplace tasks. The aim is not to train students for
specific jobs, but to allow them to experience activities that are
directly related to real-life work. Many of the activities and
skills selected for labs are cross-occupational; that is, they are
used in a broad spectrum of occupations.

Applying. Applying concepts and information in a useful
context often projects students into an imagined future (a

4 Teaching Mathematics Contextually: The Cornerstone of Tech Prep



possible career) and/or into an unfamiliar location (a
workplace). In contextual learning courses, applications are
often based on occupationa activities.

As noted above, young people today generally lack access
to the workplace; unlike members of previous generations, they
do not see the modern-day counterpart of the blacksmith at the
forge or the farmer in the field. Essentially isolated in the inner
city or outer suburbia, many students have a greater knowledge
of how to become arock star or amodel than of how to
become arespiratory therapist or a power plant operator. If
they are to get arealistic sense of connection between
schoolwork and real-life jobs, therefore, the occupationa
context must be brought to them. This happens most
commonly through text, video, labs, and activities, although, in
many schools, these contextual learning experiences will be
followed up with firsthand experiences such as plant tours,
mentoring arrangements, and internships.

Cooperating. Cooperating—Ilearning in the context of sharing,
responding, and communicating with other learners—is a
primary instructional strategy in contextua teaching. The
experience of cooperating not only helps the majority of
students learn the material, it aso is consistent with the real-
world focus of contextual teaching.

Research interviews with employers revea that employees
who can communicate effectively, who share information
freely, and who can work comfortably in ateam setting are
highly valued in the workplace. We have ample reason,
therefore, to encourage students to develop these cooperative
skillswhile they are still in the classroom.

The laboratory, one of the primary instructional methods
in applied academics, is essentially cooperative. Typically,
students work with partners to do the laboratory exercises; in
some cases, they work in groups of three or four. Completing
the lab successfully requires delegation, observation,
suggestion, and discussion. In many labs, the quality of the data
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collected by the team as awhole is dependent on the individual
performance of each member of the team.

Students also must cooperate to complete the many small-
group activities that are included in the applied academics
courses. Partnering can be a particularly effective strategy for
encouraging students to cooperate.

Transferring. Learning in the context of existing knowledge,
or transferring, uses and builds upon what the student already
knows. Such an approach issimilar to relating, in that it calls
upon the familiar.

As adults, many of us are adept at avoiding Situations that
are unfamiliar—the part of town we don’t know, the unusual
food we' ve never eaten, the store we haven't shopped.
Sometimes we a so avoid situations in which we have to gain
new information or develop a new skill (especidly if there are
likely to be witnesses)—using a new type of computer
software or coping in another country with our fledgling
foreign-language skills.

Most traditionally taught high school students, however,
rarely have the luxury of avoiding new learning Situations; they
are confronted with them every day. We can help them retain
their sense of dignity and develop confidence if we make a
point of building new learning experiences on what they
already know.

Correcting False Assumptions
About Learning

Contextual learning offers more than atool for
defragmenting the American educational system; it provides a
more effective approach to teaching the mgjority of students
because it is specifically geared to the way these students learn.

In recent years, cognitive science and studies of the
relationships between structured learning and the work
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environment have given us a better basis for evaluating the
effectiveness of various methods of teaching and learning.
Many educators, however, tend to interpret the learning
environment according to their own experience as students. In
other words, they teach the way they have been taught—
usually through traditional abstract lecture methods.

But, while the traditional classroom model isvalid, it is not
necessarily the most effective strategy for teaching the majority
of students. To increase their effectivenessin the classroom,
many educators may need to change some of their basic
assumptions about how people learn.

Dr. Sue Berryman of the Institute on Education and the
Economy at Columbia University has isolated five common
misconceptions about the ways people learn:

1. People predictably transfer learning from one situation
to another.

2. Learners are passive receivers of wisdom—empty
vesseals into which knowledge is poured.

3. Learningisthe strengthening of bonds between stimuli
and correct responses.

4. What mattersis getting the right answer.

5. Skillsand knowledge, to be transferable to new
situations, should be acquired independent of their
contexts of uses.

These are assumptions that may well be blocking many
students from an effective learning experience. In each case,
the contextual learning approach can help correct the false
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assumption and the inefficient educational processes that grow
out of the assumptions.t

False Assumption #1. People predictably transfer
learning from one situation to another.

Berryman questions, for example, whether most people
actually usein everyday practice the knowledge, skills, and
strategies they acquired during their formal education. For
instance, a student training to be a radiology technician may
have difficulty relating the theories she learned in physics class
to the technical skills sheislearning in her electronics courses.

False Assumption #2: Learners are passive receivers of
wisdom—empty vessels into which knowledge is poured.

Each student approaches the task of learning equipped
with amatrix of acquired skills, knowledge, and experience—
and a set of expectations and hopes. The most effective
learning happens when the student is invited (and taught) to
make connections between past learning and future actions.
But teaching techniques that require an essentially passive
response from students, such as lecturing, deprive them of this
opportunity to actively involve themselves with the material.
They may miss the most important means of learning—
exploration, discovery, and invention. Passive learners who are
dependent upon the teacher for guidance and feedback may
also fail to develop confidence in their own intuitive abilities.

1 Sue E. Berryman and Thomas Bailey, The Double Helix of Education
and the Economy (New Y ork: Institute on Education and the Economy,
Columbia University, 1992), 45-68.
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False Assumption #3: Learning is the strengthening of
bonds between stimuli and correct responses.

This misconception is based on a behaviorist approach to
education, which tends to reward response instead of
understanding. Education based on behaviorist theory typically
leads to breaking down complex tasks and ideas into
oversmplified components, unrelated subtasks, repetitive
training, and an inappropriate focus on the “right answer.” It
does not help students learn to solve problems on a more
systemic level.

False Assumption #4: What matters is getting the right
answer.

Students who focus primarily on getting the right answer
tend to rely on memorized shortcuts instead of acquiring the
problem-solving skillsthey will need in areal-life setting.

False Assumption #5: Skills and knowledge, to be
transferable to new situations, should be acquired
independent of their contexts of uses.

The process of abstracting knowledge, or taking it away
from its specific context, has long been thought to make that
knowledge more useful to a number of situations; this
philosophy underlies much of our current educational system.
However, Berryman points out that such decontextualization
can easily rob students of a sense of motivation and purpose.
They may have difficulty understanding why a concept is
important and how it relates to redlity, and this may make the
material more difficult to retain. For example, the definition of
aterm may be difficult to learn and retain without an
understanding of the context of its use.

Teaching Mathematics Contextually: The Cornerstone of Tech Prep
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The Context of the Workplace

In 1991, the United States Department of Labor initiated
the Secretary’ s Commission on Achieving Necessary Skills
(SCANYS) to analyze the future skills that would be needed by
the American workforce. The commission, led by Dr. Arnold
Packer of Johns Hopkins University, prepared a report on
developing world-class standards for educational
performance.2 The SCANS report reinforces the need for a
more effective structure of learning that responds to the
changing needs of the new workforce—and contextually based
teaching methods are especially effective in making this kind of
connection.

The SCANS report duly notes that traditional basic
competencies such as reading, writing, and arithmetic have
been and continue to be akey part of the total skills required of
the workforce. However, the SCANS report strongly
emphasizes two other sets of competencies as critical for the
current and future workforce:

personal qualities: the ability to relate to othersin and out
of the classroom and develop individua responsibility and
self-esteem; and

thinking skills: the ability to think and problem-solve an
entire system rather than working with isolated tasks and
problems.

These two sets of abilities are now seen not only as skills
that should be learned in combination with the three Rs, but
also asthe basis for strategies that all teachers should consider
using to enhance the learning capacity of their students.

2 Secretary’s Commission on Achieving Necessary Skills, What Work
Requires of Schools: A SCANS Report for America 2000, aletter to
parents, employers, and educators (Washington, DC: Government
Printing Office, 1992).
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The process of learning interpersonal skills, for instance,
requires students to work on teams, teach others, lead,
negotiate, and work well with people from culturally diverse
backgrounds. But these techniques, in addition to helping
students learn to get along with others, aso help them learn
content more effectively. The math students working together
on aproject not only learn interpersona skills; they also learn
more math.

Similarly, students acquire thinking skills best in alearning
environment that requires them to be creative, make decisions,
solve problems, and know how to learn and reason.® And, once
again, this kind of environment will facilitate the learning of the
course content.

The adoption of the SCANS report as a structure for
learning can help students transfer knowledge from school to
career and understand the context and meaning in which the
curriculum is taught. It is therefore an important part of the
contextual-learning model for Tech Prep curricula

Changes in the development of the workforce require
employees who have multiple skills and abilities. Similarly, the
changes in the educational system must reflect the fact that
students cannot continue to learn in an isolated fashion. If
educational reform reshapes the way students learn, the
outcome could enhance the abilities of the future workforce.

More Than One Kind of Intelligence

In a sense, there is nothing new about contextual learning.
There have always been teachers who intuitively understood
how to teach concepts so that all learners could grasp them—
through example, illustration, and hands-on application. But
even these naturally effective teachers can benefit from

3 What Work Requires of Schools, 4-5.
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understanding the findings of relatively recent cognitive
research and from learning how to put these findings to use.
The results of this semina research explain the success of
contextual teaching and learning approaches in the classroom.

Cognitive science, similar in purpose and methodology to
educational psychology, poses two important questions about
the teaching and learning process.

How do the human mind and body work in their learning
capacity?

How can an understanding of the mind/body’ s way of
learning be used in educationa settings?

In addressing the first question, Howard Gardner,
professor of education at Harvard University, has challenged
traditional thinking by questioning whether intelligenceisa
single, measurable capacity. Gardner posits instead that the
human capacity for learning is much broader than traditional
measurements of intelligence would indicate.

Alfred Binet, the inventor of the IQ test, standardized the
assessment of intelligence through two measurements, verbal
and analytical. Gardner argues, however, that people have as
many as seven forms of intelligence: linguistic,
logical/mathematical, musical, spatia, kinesthetic,
interpersonal, and intrapersona (Figure 2). He bases this
theory on his observance of the wide range of capabilities of
adolescents.

12 Teaching Mathematics Contextually: The Cornerstone of Tech Prep
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Figure 2. Traditional versus
contemporary views of intelligence

For instance, Gardner describes “a fourteen-year-old
adolescent in Paris, who has learned how to program a
computer and is beginning to compose works of music with the
aid of asynthesizer.” This young Parisian displays both musical
and logical/mathematical intelligence, a combination of abilities
that traditional educational assessment does not usually
measure or even acknowledge.

Gardner makes another important observation regarding
multiple intelligences: While everyone has some measure of
each of the seven intelligences, the specific strengths and
combinations vary according to the individual. No two people
have the same kind of mind. (His observations of adolescents
strongly support this assertion by showing that not one of the
adolescents could possibly master every intelligence.) For this
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reason, Gardner argues against a uniform school system that
does not allow students to make choices about what to learn
and, even more important, how to learn.4

More Than One Way to Learn

Gardner’ s theory that people have multiple intelligences
helps answer the second question of cognitive science—how
an understanding of the mind/body’ s way of learning can be
used in educational settings. The “learning styles’” movement of
the last twenty years also helps answer this question through an
abundance of materia it has produced concerning the various
approaches students take to learning and the teaching
techniques that are best suited to reaching certain students.

In his discussion of the variety of learning styles, learning
theorist David Kolb observes that |earners tend to perceive
information either abstractly (by conceptualizing/thinking) or
concretely (by experiencing/feeling) and then process that
information either actively (by experimenting/doing) or
reflectively (by observing/watching). Kolb (as well as other
learning theorists) has typically set each of these four learning
styles on an axis as a way to understand the entire realm of
students' learning tendencies.

Kolb's construction, like Gardner’s, clearly indicates that
most students do not fit neatly into one category or the other.
Almogt al students can learn by and benefit from al four
experiences (thinking, feeling, doing, and watching). And no
one type of learning is superior to another; all contribute to the
process of effective learning. Nevertheless, most students will
show a preference for one or two particular kinds of learning,
and this preference will indicate the individual’ s primary
learning style(s).

4 Howard Gardner, Frames of Mind: The Theory of Multiple Intelligences
(New York: Basic Books, 1983), 4-6.
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The emphasis for contextual learning is to use this process
for effective learning to reach the strengths of all students.
However, as Kolb's studies indicate, most students have a
tendency to learn in a concrete manner (with an emphasis on
feeling and doing), while the school system tends to teach in an
abstract manner (with an emphasis on thinking and watching)
(Figure 3).

Kolb’s study of student responses found that relatively few
students tend to learn by thinking and watching—the learning
style catered to in the commonly used lecture method. Most
students tend to perceive and process information through
some kind of concrete experiences and/or experimentation.
Most people, in other words, are extroverted learners; they
learn best through interpersonal communication, group
learning, sharing, mutual support, team processes, and positive
reinforcement.

Teaching Mathematics Contextually: The Cornerstone of Tech Prep 15



Figure 3. Contextual learning should
encompass all styles of learning.®

Nevertheless, Kolb encourages the use of teaching
methods that develop all four learning styles so that students
can broaden their learning abilities beyond natural inclination.
After all, upon entering the workforce, even those few students
who learn best by thinking and watching will be required to
experience and act. And hands-on learners must be able to take
the conceptual information they receive in traditional teaching
and learning methods and transfer it into practice.

5 Adapted from David A. Kolb, Experiential Learning: Experience As the
Source of Learning and Development (New Jersey: Prentice-Hall, 1984).
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Striving for Connectedness

Despite the individual differencesin learning styles and
intelligences, al learners strive for connectedness. Learning is
cumulative. Isolated bits of information normally are not
processed and retained by the mind for meaningful use unless
connections are made and points of reference or relationships
are established between what is known and what is not known.

Teaching through illustrations and examplesis a classical
form of imbuing alearning experience with understanding and
meaning. Many adults, for example, still remember at least one
field trip or nature walk they took in kindergarten or
elementary school. The children pick up leaves or study plants
and insects, learning terms and concepts while seeing and
experiencing nature for themselves. Instead of just memorizing
alist of names, they are allowed to touch or smell the objects
that go with the names.

This concrete experience introduces meaning to the
knowledge the children are acquiring. Later they will be able to
rely on their experiences and their knowledge of nature to learn
more about science, the environment, and the role played by
nature in literature, art, and history.

Learning theorists Renate Nummela Caine and Geoffrey
Caine explain this “ connectedness’ theory by pointing out that
all knowledge is “embedded” in other knowledge.6 Academic
“subjects’ such as English, math, and chemistry are at best
artificia distinctions within a single body of knowledge.
Allowing these subjects to overlap and integrating them into a
single curriculum can therefore provide a better, more
connected understanding.

6 Renate Nummela Caine and Geoffrey Caine, Making Connections:
Teaching and the Human Brain (Alexandria, Virginia: Association for
Supervision and Curriculum Development, 1991), 92-97.
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Caine and Caine suggest that any robot can be
programmed to do rote memorization or acquire surface
knowledge about a subject. However, using knowledge that a
student already has in the context of new knowledge helps the
student acquire deeper understanding as well as basic facts.

In addition to making connections between different
school subjects, teachers can enhance the learning process by
engaging students in hands-on activities and concrete
experiences as other ways of reinforcing the usefulness of the
knowledge. Lab activities, experiments, and projects that
require students to be actively involved in the community
usually stimulate interest and motivation to learn. Integrating
work-based learning with school subjectsis another effective
way to ground learning in actual experience.

What Do We Know About the
Learning Process?

The convergence of intelligence theories and learning
theories suggests smilar methods for more effective teaching
and learning. For instance, if we accept Gardner’ s theory that
the mind' s capacity for learning is much broader than
traditionally assumed, we can probably go along with Kolb's
assertion that individuals have a natural ability to learn through
avariety of methods. We can further conclude from the studies
of Caine and Caine that connectednessis a key to effective
learning. The following summary statements about effective
learning are a distillation of the theories of intelligence and
learning that have been addressed here:

Most people learn best in a concrete manner involving
personal participation, physical or hands-on activities, and
opportunities for persona discovery.

Learning is greatly enhanced when concepts are presented
in the context of relationships that are familiar to the
student.
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Most people relate better to concrete, tangible examples
and experiences than to abstract conceptual models.

Most students learn best through some sort of personal
interaction with other students—through study groups,
team learning, and so on.

Rote memorization of isolated fragments of knowledgeis
arelatively inefficient and ineffective learning strategy for
most students.

Transfer of learning from one situation to another is not
consistently predictable, and the ability to do so isaskill
that must be learned.

In the last forty years, only afew aterations in the content
of elementary and secondary education have been necessary.
Aside from a knowledge of computers, globalization, recent
history, and environmenta change, students need the same
sound, solid education they needed four decades ago.

Instead, the major changes needed in today’ s educational
system center around processes. We need to

provide students with compelling reasonsto remain in
schoal,

use the discoveries of cognitive science to help them
achieve enhanced learning, and

create learning environments that open their minds and
enable them to become more thoughtful, participative
members of society and the workforce.

Clearly, if the thrust of educationa reform is on the
classroom (and laboratories), the emphasis should be upon
empowering teachersto facilitate these processes. The
“neglected majority” can be successful learners, and they can
be vital elements of America s new workforce. But, for thisto
happen on a nationa level, teachers must be helped to
understand how students learn, teachers and students must be
provided with suitable resources that contain career-oriented
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motivational elements, and teachers must be provided with
sufficient institutional support (including in-service training) to
allow them to use new materia and equipment effectively. In
short, teachers and students must be immersed in contextual
teaching and learning, and supported in their use of the
REACT strategy. Tech Prep is the most successful framework
for contextual teaching and learning, and can help educators
bridge the gap between what is—often static classrooms with
bored, “tuned out” students—and what should be—classrooms
alive with dynamic students actively engaged in learning.

Tools for Implementing the REACT Strategy

A prime reason for the struggle to transform the classroom
isthat most of today’ s textbook designers are stuck in the rut
of traditional educational philosophies and see contextual
learning as just another fad that will soon fade away. Asa
result, they take advantage of the word contextual in their
advertising and book cover designs, but analysis of their
instructional designs quickly shows minima adherence to the
REACT strategy or anything similar.

CORD isdifferent. CORD believes strongly in contextua
learning and its ability to elevate the achievement of all
students. This belief is not based on mere speculation, but
rooted in years of experience and testing. CORD builds the
REACT strategy into the substance and content of its
educational products. Through CORD’ s reforms, the potential
of contextua learning has been realized. CORD’s research and
reform initiatives have led to the development of new
contextua learning materiasin biology, applicationsin
biol ogy/chemistry, mathematics, and principles of technology.
These material s provide mathematics teachers the tools they
need for reaching all students, and in particular those in the
middle 60 percent. The way these contextual-learning texts
implement the REACT strategy is outlined in the pages that
follow.
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CORD Bridges to Algebra and Geometry

CORD Bridges prepares students for first-year agebra and

formal geometry using an interactive, real-world approach to
teaching math concepts. CORD Bridges provides the content
(Figure 4) for arigorous course for eighth- or ninth-grade

students, a course based on a contextual, hands-on approach to

learning.
Chapter 1 Decimals and Problem Solving
Chapter 2 Working with Data
Chapter 3 Integers
Chapter 4 Solving Equations
Chapter 5 Rational Numbers
Chapter 6 Ratio, Proportion, and Probability
Chapter 7 Percent
Chapter 8 Graphing on the Coordinate Plane
Chapter 9 Introduction to Geometry
Chapter 10 Powers and Roots
Chapter 11  Measurement
Chapter 12  Surface Area and Volume

Figure 4. Table of contents of

CORD Bridges

CORD Bridges contains the following features:

amotivational “Why should | learn this?’ introduction to
each chapter that gives studentsinsight into how the

mathematics in the chapter can be used to answer red-life

guestions

concepts that are introduced by putting the student into a

realistic scenario that stimulates learning

development of new concepts through student-led
discovery activities
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numerous examples that clarify concepts and provide
students models for solving problems

student exercises that include many real, believable
problem-solving situations recognizable as being important
to students' current or future lives

cultivation of positive attitudes such as “| need to learn
this’ and “1 can learn this’

laboratory activities that support hands-on learners through
measurement, data collection, and real-world ssimulation

regular student participation in interactive groups where
sharing, communicating, and decision making occur

lessons, exercises, and labs that improve students' reading
and other communication skills

afour-step problem-solving plan, reinforced in each
chapter with a different problem-solving strategy

technology integration that makes effective use of scientific
and graphing calculators and spreadsheet programs

ateacher’ s annotated edition and a teacher resource book
that supplement the text with alternative teaching strategies,
answers, additional assessments, practice problems,
reteaching activities, and project-based learning ideas

CORD Bridges implements the REACT strategy in

meeting the needs of awidely diverse population of learners.
Examples from the text that correspond to each REACT
element are shown in the following sections.

Relating

Relating is learning in the context of life experiences.

CORD Bridges uses relating as atool by presenting situations
completely familiar to the student and extracting new concepts
or developing deeper understanding of concepts from those
situations.

22
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For example, the lesson on ratio and proportion begins
with afamiliar situation—making fruit punch from frozen
concentrate. From the directions for the fruit punch, ratio is
defined (Figure 5).

L

o e e T il T T
LessoN 6.1 RATIO AND PROPORTION

Amanda makes frunt punch by {Ansan. ssnsantuntes
mixing water with concenteate. SEEEUEE TN

In the directions, the rodm ol Qo
water to conpeentrabe 15 3o 1, A
ratio 15 a comparison of fwo

quantities by division. For
example, the ratio for the froi
|:-“m:'h con be writien as
Bl 3:1 T

ACTIVITY 1 | Writing a Ratio

Faor this grid, you can write the ratio of red squares to the

total numbser of squares as

| | ;

S, T T e,

_—

H—-m--\-"'v

N

Figure 5. Students use a familiar
situation to learn about ratios.

The rest of the lesson explores writing ratios for other
situations and equating ratios in proportions. The lesson ends
with an example of using ratios and proportions to decide how
much water and concentrate are needed to make a large batch
of punch (Figure 6).
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EXAMPLE Using the Cross-Products Property

Amanda’s fruit punch will have 3 cans of water pev can of
comeenirate, Which of the following ratios for ===t shoulil
Claneaitrals

.I\IIIIIII(III TETT 131 r|1.:||-s1'- I;r” ans III.|IIJII':'I1-'l

1z
a. g

k. I—,_I J'."

[N

SOLUTION

Watar

1
e mecrirate NS b im thie ratioe=", Ihe total amount of water plus

concentrate must be 2 cans. Write a proportion and use the

1 b Fiiss- r:'r\-:u I Ll = I:.I'l.II:II iy,

12
The ratio = cloes pot form o
|rrapirLion

Tha ratio farms o proportion,
bt thie total awouant of water
plus conventrate iz 16 cong

Figure 6. Examples provide students
models for solving problems.

Experiencing

Experientia learning takes events and learning out of the
realm of abstract thought and brings them into the realm of
concrete exploration, discovery, and invention.

In addition to developmental activitiesin the lessons,
CORD Bridges has three |aboratory activities per chapter.
These labs explore new concepts or enrich the students
understanding of fundamental concepts presented in the
lessons. Students work in groups to collect data, record datain
tables formatted for the lab, analyze data, and answer
discussion questions.

In the lab from Chapter 2 shown in Figure 7, for example,
students discover the power and utility of a correlation. They
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measure and record their heights and arm spans. After
combining their group’s data with those of the rest of the class,
students plot the data on a coordinate plane and draw a line of
best fit. At the end of the lab, students measure their teacher’s
height and use the fitted line to predict his or her arm span. The
concepts of ordered pairs, scatter plots, and lines of best fit
come alive when students use their own data in analysis and

discussion.

ACTVITY 3 Graphing Height and Arm Spon

1

1 Equinment Mednic tape measure
e L Giragh paper
Saraightedge

_
Problem Statement

Yol will measure the haight and arm span of sach member of
waur grouge. Yau will plat the data for your group and the resl
af the class. Then you will use the plot to predict the arm
span of your teachar

Procadure
B Make & data table simitar 1o the one below b5 record yaur
groum's data

Hi: ighE [ei] A Sean (om |

Figure 7. Students discover the power
and utility of a correlation.

Applying

Learning is enhanced when concepts are presented in the
context of their use. Students are motivated to learn math
when examples and student tasks include real-life problems that
students can recognize from their current or possible future
lives. These problems inherently answer the legitimate
guestion, “Why do | haveto learn this?’

An example from one of the problem-solving featuresin
CORD Bridges isshown in Figure 8.
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PROBLEM SOLVING Using the Four-Step Plan .;-

You are a computer engineer for a satellite launch. The launch J

i
} tirme has been delayed from 9:30 p.m. to 11:45 p.m. \
|

You need to reschedule the beginning and ending times of j'f
three programs that the satellite’s computer will automatically
run bafore and after the launch. The beginning times and the |
durations for each program are shown in the table.

r———
L e

.__:l,ﬂ"i','f:!id T & minutas 15 minutes, 0 sacands

Program Beginning Time Program Duration 5
T = 15 mimutes 3 mirwring, 15 soonds \

Snperaieen fram

leneh wahicls T & T8 miinubes 1 mminists, 4% ssscomh
—_—

L ”\.r

The beginning times of the programs are given relative to liftoff
time T. The minutes and seconds before liftoff are negative. ||

/_\ ‘\drfl

F\—ﬂ e

B . ,;—._,-”'-“-/F.H"—-n/_

Figure 8. A sample problem-solving
exercise from CORD Bridges

Students plot positive and negative integers on a number
line—the lesson’s central theme—to solve this real satellite-
launch problem. Even a student who does not aspire to become
a computer engineer or to work with satellites can see and
understand the applications of the mathematics conceptsin
solving this real-world problem, thus gaining confidence in his
or her ability to solve similar problems outside the classroom.

The best application problems and examples satisfy two
criteriac They arereal, not artificia or contrived, and they are
important in some area of a student’s life, current or future.
CORD Bridges presents a great number of diverse situations,
so al students will find scenarios applicable to their lives
outside the classroom, for example, as consumers, family
members, recreationists, sports competitors, workers, and
citizens.
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CORD Bridges cultivates two attitudes in students: “| can
learn this math,” and “1 need to learn this math.” Taken
together, these attitudes motivate students to reach their fullest
academic potential.

Cooperating

Cooperating is learning in the context of sharing,
responding, and communicating with other learners.
Cooperative learning has a positive effect on students
achievement, interpersonal relationships, and communication
skills. It d'so improves students' attitudes toward the opposite
gender and toward other racial and ethnic groups.

Laboratory activitiesin CORD Bridges involve
cooperative learning. They get the student involved in the
learning process. For example, in alab on triangle inequalities,
three group members act as vertices of atriangle. A fourth acts
as datarecorder (Figure 9).
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L Cut the string info 6 pieces, 2 4,6, 8, 10, and 12 feel. Tiea }

X knot at beth ende of each etring. I

l; B Tape an ndeyx card o aach atring. Write the langth of the .

IJ abrrg on each card,

{I & B fssemble the first triangle as follows: Have three members of i
,."' | 4 the group hold the ands of two stings tagether to form the }
f X ; vortices. Assemble the first riangle with the 10-, 8-, and 12-& |
| < shiings. Stretch thie strings taut while holding the ends togather. |
j I # Can you assemble a tiangle with sides equal fo these three H
vy lengths? |f o, write ¥ far yas for the frst triangke trial in a )
; g # data tabde like the one shown, )
| # . /

Can the irian . 5
b+o=at b2 a4 bEc?

B AT rorh) "oy G W) rrarhy ?
]
Y
Iy
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Figure 9. A cooperative learning
activity involving triangle inequalities

The group must decide which combinations of string
lengths will form triangles and which will not. Then, asa
group, they study their results and make a conjecture about the
sum of the lengths of any two sides of atriangle. The group
uses its conjecture to predict other combinations of lengths that
will form triangles, and tests the predictions by trying to form
the triangles with strings.

In addition to lab activitiesin CORD Bridges, many of the
developmental activities in the lessons provide opportunities
for cooperative learning. In the example shown in Figure 10,
students use a calculator or spreadsheet program to generate
sequences of random numbers to simulate basketball free
throws.
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AcTviTY 1 Simwulating Free Throws

BW Use a calculator, spreadshest program, or table to generate 3
sequence of 20 random numbers between 1 and 10. Write

the numbers in the order they are generated in a tabla similar
to the one shawn,

ﬁ Simulated Free Throws

1 &3 20
739
M= Mode X = Misied M oM X

Rondam number

B The list simulates Janet's 20 free throws, She has & 7 out of
10 chance of making each free throw. Labal each number in
the random sequence that is less than or equal o 7 as a free
throwy mads (M), Label each number greater than T as a free
throw missed (X).

B vour list simulates one rial of 20 free throws attempted
Dwaves your frial include at least five free throws made ina
row? |f o, you have simulated a favorable oulcome

A Combine your trial with those Fom the rest of the class. How
maiy faverable autcomes are there? How many trials are there

A Use the class's data to estmate Janet's probability of making
£ free thraws in a row when she attempls 20

Figure 10. Students generate sequences of
random numbers to simulate basketball free
throws.

Many students will not understand immediately why a
number less than or equal to 7 should represent a free throw
made. If the activity is done in a group, someone in the group
will probably be able to explain the rationale. In addition, the
20 trias recorded by each group must be combined with those
from the rest of the class to have enough data to estimate the
final probability. Thisisan opportunity for alarger group
interaction.

Teaching Mathematics Contextually: The Cornerstone of Tech Prep 29



Transferring

Transferring is using knowledge—existing or newly
acquired—in a new context or situation. For example, when
introducing dimensional analysis, CORD Bridges starts with
students' existing knowledge of the distance formula, ratios,
and proportions. The familiar relationship between distance and
time is used to find the speed (or rate) of an automobile. Rate
isgeneralized as aratio that compares two unlike quantities
(such as miles and hours). A unit rate is then defined asa
comparison to one unit. A method of finding unit ratesis given
using the automobile example and proportions. Students are
very familiar with speed as miles per hour. At the beginning of
the lesson shown in Figure 11, they learn that it is also a unit
rate.

] . o -
— SN o “

,_\__."_\"\-'-""—" —— --"‘u_r‘_'..-_-_\‘
'.'.I A unit rate is a comparison to one unit. To write a unit rate, |'|_|i|,|"-!
) an equivalent ratio with 1 as the denominator. You can wse equal I'.|
| ratios to find unit vates. For the example above, \l
i )
ﬁ Miles = 100 _ 50 '
.\ III:II.I"‘ . 2 - 1 |
| b
| The wnit rate 15 50 miles for each hour traveled, Yow can writs !
I 50 mules per hour or 50 mijhe or G0 % . The word per is ofien u:lu-:’)
CJ im place of for eack. You can abbreviate per with the / symbol. :'*-,
| ACTvITY  Finding Unit Rates g
j Wurite unit rates for each of the following. The first cne s (
Y done as an example, 7
5 |
Sale price: 5 cans for 52 ‘!
IIP TR a P ’ \
I AT Scans _ 25cans _ ) A
{ [E TR, Tdollars ~ 1 dollar 25 cans/dallar (
{ FITED 'I
Y RIS H Gas mileage: 78 miles using 2 gallons of gas |
) = T&miles 7 miles i
e e r&*"ﬂ”% = Tgallon " =& MV al 26 o]
S B i,

Figure 11. Students are introduced to the concept of unit
rate through the familiar concept of miles per hour.
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Students are tasked immediately with using the new
knowledge in writing unit rates in different situations. Thus, the
foundation for using unit rates in dimensiona analysis and
conversion factorsin a broad range of situations is established
through the transference of existing knowledge in conjunction
with the introduction of two new concepts—rate and unit rate.

CORD Algebra 1

CORD Algebra 1 employs an interactive, workplace-
centered approach to teaching algebra concepts. This approach
is consistent with the design philosophy of the CORD Applied
Mathematics series from which CORD Algebra 1 was derived.
CORD Algebra 1 provides the contents (Figure 12) for a
rigorous secondary-level first-year algebra course and an
instructional design that is based on a contextual, hands-on
approach to learning.

Chapter 1 Integers and Vectors
Chapter 2 Scientific Notation
Chapter 3 Using Formulas

Chapter 4 Solving Linear Equations
Chapter 5 Linear Functions
Chapter 6 Nonlinear Functions
Chapter 7 Statistics and Probability
Chapter 8 Systems of Equations
Chapter 9 Inequalities

Chapter 10  Polynomials and Factors
Chapter 11  Quadratic Functions
Chapter 12 Right-Triangle Relationships

Figure 12. Table of contents of
CORD Algebra 1
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CORD Algebra 1 contains the following features:

a“Why should | learn this?” segment whose answer gives
students insights and motivation into how the mathematics
in a chapter can positively affect their lives and future
careers

workplace and other real-life scenarios that introduce
concepts by putting students into contextually rich
environments that stimulate learning by drawing on past
experiences

activities that encourage students to actively engage with
the concepts presented in the text and make discoveries
individualy or in groups

numerous examples that clarify concepts and provide
students models for solving problems

real-world applied problems that provide students an
interesting and relevant way of trandlating mathematics
from an abstract, theoretical approach to a concrete,

applied approach

|aboratories that support hands-on learners through
measurement, data collection, and real-world ssimulation

videos that bring the workplace into the classroom and
demonstrate the importance of mathematics as an essentia
workplace skill

technology integration that makes effective use of
graphing calculators and computers

ateacher resource book that supplements the text with
additional assessments and practice problems, reteaching
activities, and project-based learning ideas

CORD Algebra 1 prepares students for more advanced
mathematics courses and helps diverse learners master
algebraic concepts that are essential for successin today’s
high-tech workplace. The REACT dtrategy isakey element in
meeting student learning needs and hel ping students reach their
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fullest intellectual potential. The following demonstrates how
CORD Algebra 1 implements this strategy.

Relating

The curriculum that attempts to place learning in the
context of life experiences must, first, call the student’s
attention to everyday sights, events, and conditions. It must
then relate those everyday situations to new information to be
absorbed or a problem to be solved.

In Chapter 3 of CORD Algebra 1, the familiar problem of
finding the cost of doing ajob isrelated to the mathematical
concepts of variables and expressions (Figure 13). First,
students are provided al the basic information needed to find
the cost of ajob, i.e., on-site fees, hourly rate, and total hours
worked. Then atableis provided that enables students to
discern the relationships between these parameters. Finally,
students devel op algebraic expressions that model these
relationships. To check the validity of their expressions,
students can relate their everyday experiences to the results
generated by these expressions. For instance, students know
intuitively that the longer an hourly employee works the more
money she or he makes. They can relate this fact to their
mathematical expressionsto see if they generate commensurate
results.
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Algebraic Expressions

Eveny time vou hire nn elecinoian, il casts 830 dor the house call.
The tetal bl however, will depend onthe number of hours the
clesirician is on the job. A table s useful in Onding the cost for he
total number of hours on the job when the hourly cost is 830

Haours Expresaion Cost
l 500+ 30] E]
500+30+2 11

] S00+3043 140

T inble shows that the cost depends an the number aof hours tle
electncian works on the job, How eon you find the cost alier amy

31 Variables and Expressions  3-5

Figure 13. Finding the cost of doing a job is related to
the mathematical concepts of variables and expressions.

By relating common experiences to new problems,
students gain an appreciation for the power of mathematics and
its ability to model the real world. This appreciation eventually
manifests itself as motivation, and motivation is a key
ingredient for enhancing learning.
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Experiencing

Using CORD Algebra 1 isatrue hands-on learning
experience. Through the thirty-five laboratories, students are
placed in team situations in which they must make
measurements, record data, and find graphical representations
for discerning mathematical patterns. This experience actively
engages students in the learning process and provides an
alternate means for them to master mathematical concepts. For
instance, in Chapter 9 of CORD Algebra 1, students are placed
ina“you are there” scenario in which they are responsible for
monitoring the quality of a product (Figure 14). During the
laboratory they experience the variation in a sample of
supposedly “identical” bolts. Through this experience they
learn that manufacturing processes all lead to certain degrees
of variation and that these variations can be represented as
mathematical inequality statements. By doing this |aboratory,
students learn to work together, gain experience and
confidence in making accurate measurements, and develop
confidence in using mathematics for solving work-related
problems.
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Activity 2: Sampling the Quality of a Product

i meeen

Equipment Calculator with statistical functions
20 large machine bolts and nuts
Vernier caliper
Micrometer caliper

roblem Statement

Most products include tolerances in their specifications. In
this laboratory, you will measure the dimensions of a sample
of machine bolts. Then, based on your measurements, you
will determine how well the machine bolts meet a given set
of tolerances.

" Procedure

Measure the length of each of the 20 bolts with the vemier
caliper, and measure the head width of each bolt with the
micrometer caliper. Record the results in a table similar to
the one shown below:

Head Width Overall Length
""""" 0.789 in. 511 ¢m
Mean: | Mean-

9-46 Chapter 9 Inequalities

Figure 14. Students are placed in a “you are there”
scenario in which they are responsible for
monitoring the quality of a product.

Applying

Job-related applications may be based on devices and
systems used in occupations or based on occupational
activities. In CORD Algebra 1, Chapter 8, the “Workplace
Communication” feature challenges studentsto solve areal
occupationa problem related to the Internet (Figure 15). To
solve this problem, students form teams and develop a strategy
for dealing with the given data. They find that the statistical
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techniques presented in the chapter are useful tools for
formulating a solution. Students know of the Internet and see it
asapart of their future. Thus, this problem is motivational and
provides aforum for showing the relevance of mathematics to
state-of-the-art technologies.

For the July 15 data, which time interval
represents the mode for bandwidth
usage? If the rate of increase in the use
of the Internet continues, how long do
you think it will be until MWI exceeds
the capacity {100% of available
bandwidth) of its T-1 connection? Why
is there a “dip” in the middle of the
histograms?

Figure 15. Students are challenged to solve a real
occupational problem related to the Internet.

CORD Algebra 1 contains afeature called “Math
Applications,” which appears in each chapter. These
applications cover the areas of business and marketing,
industrial technology, agribusiness and agriculture, health
occupations, and family and consumer sciences. This feature
highlights occupational activities. For instance, in Chapter 6,
students are asked to interpret a nonlinear curve that displays
the hematocrit value of the blood and how it isrelated to
blood’ s thickness or viscosity (Figure 16).
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| Wehen the court of red blocd cells increases, there is more fiction betwee
HEALTH lhe layers of cells. This ichon delermmes the
OCCUPATIONS thickness, or viscosity, of the blood. & common
maasura af the blood—cell count—is the hemaloon,
# @ the percentage of the bleod by volume that is cels.

A graph of the effect of varous hematocrit values is
shown below, (Note that the viscosity of water is
showm as agual ta 1 an the gragph, for comparissn
with whale bood and with plasma. |
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g “Winz opdy off Wl Hlocd

[
]
1

Vicoaly of P

Wihich of the cunoes in 1he graph appears Lo be nonfinear?

Which of the following relationships does the nonlinear graph appear o
resemible:

a y=2 b = VE
|
e F=5 d o= |r
Inwestigate the nonlinear curve for low values of hematocrit as wel as far

higher walues. In which case does a small change i 1he hematocnit have
mare effect on the vscosity?

Figure 16. Blood flow is used as the context
for explaining nonlinear functions.

Through this problem, students gain a contextual
foundation for understanding the difference between nonlinear
and linear effects. Students begin to understand that, at some
point in anonlinear process, small inputs can cause large
changes. Because of the context of this problem, they can
rationalize this behavior by picturing the density of the cellsin
an artery or vein and the interaction between these cells as the
density increases. This picture provides a concrete example of
how nonlinear effects occur and the power of mathematicsin
describing these effects. As seen by this problem, context adds
adimension to learning that allows students to use their senses
as learning aids. For some students, this added dimension
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overcomes their inability to understand concepts from a purely
conceptual perspective.

Cooperating

Cooperative learning is based on the belief that learning is
inherently social. Since common inquiry is basic to the learning
process, ateacher must challenge students to see that they will
“sink or swim together.” The CORD Algebra 1 |aboratories
provide this level of challenge. Having been adequately
prepared to understand the mathematics concepts underlying
the laboratories, students are challenged to validate these
concepts through measurement and data analysis. Given the
uncertainties of some laboratory processes, students often must
pool their thoughts, experiences, and expertise to troubleshoot
the sources of erroneous results or poor experimental
techniques. The synthesis of thought that results from these
efforts shows students the power of working in teams and sets
the environment for devel oping teamworking strategies.

For instance, in Chapter 12 of CORD Algebra 1, students
are asked to perform a surveyor task using right-triangle
relations to find the length of one side of their school building
(Figure 17). This laboratory requires ateam of students to
coordinate the necessary activities for collecting the required
data, which involve angle and distance measurements. To get
reasonable results, students must determine a method for
accurately sighting the compass in the desired directions and
keeping the string level over a 100-foot run. Since thereis no
set way for making these angle measurements or ensuring the
levelness of the string, students are left with an opened-ended
situation that invites brainstorming and cooperation.
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T Viesws of Sehool Building

-Length of School Buildng

B Subtract the twe compass headings. If the difference
betwesn the compass headings is less than 80° this
difference is the measure of £A4 in the drawing. [fthe

differance is graater than 90°, subtract the difference fram
360% to get mLA.

Fer example, suppose the compass headings were 41° and
3267, as shown in the drawing. This gives 3268° — 41° = 285°.
Since 285" is greater than 907, subtract 285" from 350" 1o
get ¥5°. The measure ofis L4 75°

Uze the farmula below to calculate the distance between the
tWo Comers.

tan A=90P = length of side of school bullding
adj

ad Length of string
tan A= 3
100 fiest
L =100 tan A

ﬂ Describe how you could use this method to measure the

distance between two points on opposite sides of the Grand
Canyen

Figure 17. Using right-triangle relations to find the
length of one side of their school building, students
become familiar with tasks performed by surveyors.
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Transferring

Sometimes students have knowledge of which they are not
aware, sSmply because what they know has not been called to
their attention or named or otherwise given a value. For
example, virtually every student has experienced walking up
and down hills. Y et chances are that no one has pointed out to
them that they therefore have practical knowledge of the
mathematical concept of slope. Transferring this practical
knowledge requires making linkages between students
experiences and the mathematical concepts underlying those
experiences. In Chapter 5 of CORD Algebra 1, these linkages
are made by relating the steepness or tilt of a hill to the slope
parameters of rise and run (Figure 18). Using these linkages,
students are able to relate their knowledge of steep and shalow
hills to mathematical lines with large and small dopes. Slopeis
no longer an abstract mathematical concept, but rather an
intuitive redlity of their everyday lives.
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Imagine that each of the three lines (t=0, y =0, amd y = x) ia n y
hill. Vou have toclimboesch line, Which line i= easiest 1o "walk |
up ™ The “y =1 line (or x-axis} is the easiesi—it has no vise at all. |
Vou can sy that the line ¥ = 0 hag a steepness of zero. This

atoepnees i oallod the slope of the line, Thue the line y = 0 has a [
glope of zera, Which line represents a hill so steep that it i= |
impossible to cimb? You connat "walk up” the “x= 07 line (or »- |:I
mxis) at all. The slope of this hill i= 50 groar that vou cannot aesign
nunmber tnit. The elops of tha line & = 0 is undefined I.r"

|

Which line reprezents a hill that is fairly steep, but one you could {
atill chimb® The Tp=a line ha=zn .-s|-:r'|1-e~ somewhers between the |
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eaxis (with a slope of 2era) and the vaxis (with a slope that is
undefinedy. How can you find the slope of the v = x line®
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hag a large amount
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Figure 18. Students make linkages between mathematics
and everyday experiences by relating the steepness of a
hill to the slope parameters of rise and run.

L] - - |

CORD Geometry

CORD Geometry employs the same interactive, rea-world
approach to teaching math concepts as CORD Bridges and
CORD Algebra 1. CORD Geometry provides the content
(Figure 19) for arigorous course that is based on a contextual,
hands-on approach to learning.
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Chapter 1 Discovering Geometry
Chapter 2 Reasoning and Proof
Chapter 3 Parallel Lines

Chapter 4 Congruent Triangles
Chapter 5 Quadrilaterals

Chapter 6 Similar Triangles

Chapter 7 Coordinate Geometry
Chapter 8 Area

Chapter 9 Circles

Chapter 10  Surface Area and Volume
Chapter 11  Transformational Geometry

Figure 19. Table of contents of
CORD Geometry

CORD Geometry contains the same features as CORD
Algebra I-

a“Why should | learn this?” segment whose answer gives
students insights and motivation into how the mathematics
in a chapter can positively affect their lives and future
careers

workplace and other real-life scenarios that introduce
concepts by putting students into contextually rich
environments that stimulate learning by drawing on past
experiences

activities that encourage students to actively engage with
the concepts presented in the text and make discoveries
individualy or in groups

numerous examples that clarify concepts and provide
students models for solving problems

real-world applied problems that provide students an
interesting and relevant way of trandating mathematics
from an abstract, theoretical approach to a concrete,

applied approach
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|aboratories that support hands-on learners through
measurement, data collection, and real-world ssimulation

videos that bring the workplace into the classroom and
demonstrate the importance of mathematics as an essentia
workplace skill

technology integration that makes effective use of
graphing calculators and computers

ateacher resource book that supplements the text with
additional assessments and practice problems, reteaching
activities, and project-based learning ideas

CORD Geometry implements the REACT strategy in
meeting the needs of a diverse population of learners. Some
examples from the text that correspond to REACT elements
are shown in the following sections.

Relating

Relating is learning in the context of life experiences.
CORD Geometry uses relating as atool by presenting
situations familiar to the student and extracting new concepts
or developing deeper understanding of concepts from those
situations.

For example, the lesson on deductive reasoning begins
with afamiliar Stuation—a dead car battery (Figure 20).
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These three statements can be logically combined in the following

WY

When the headlight switch is on, the headlizhts are draining
energy from the battery. [f the heodlights are on afl night, the
kattery will have no energy the next morning. With no energy
in the battery, the ear will wol stard.

The highlighted words can be wreitlen in the form of 2 conditional
statement or =imply a conditional, az= [ollow s:

[T the headlights are on all night. then the car will not start

The phrase the headlighis are om all night 15 the hvpothesis of the
conditional. The phrase fhe cor il nal et 18 the conclusion.

EXAMPLE 1  Writing the Hypothesis and Canclusion

Identify the hvpothesis and conclusion of each conditional.

a. If 2y =& then x= 4

b. If a roof iz properly constructed, then the building will not leak
wheg it rains,

Figure 20. Students learn about deductive
reasoning through a familiar situation.

Linking known facts logically to reach conclusionsis
deductive reasoning, and this is the cornerstone of constructing
the geometric system. By relating this process to acommon
experience such as diagnosing the cause of a dead battery,
students can more easily apply the process in other situations,
including algebra and geometry. Relating is a key ingredient in
fostering an attitude that says confidently, “I can learn this.”
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Experiencing

CORD Geometry contains interactive discovery activities
in which students /earn the important geometry concepts by
doing geometry. For example, in alesson on triangle
congruence postulates (Figure 21), students discover side-side-
side congruence in an activity.

Acrivity 2 Side-Side-Side

E On a sheel of paper, arrange three pencils or drinking straws
af unedual length in the shape of a Wlangle,

Bl meke a dot at the vertices of the Irangle,

B1 Use a stralghtedge o conneet the dots

0 Repeat Steps 1-1 with the same pencils or drinking straws at
ten othier places on the paper so you have three inangles
that do not overlap and are oriented differently.

e

A Cut out the triangles along the sides. Ovarlay the triangles so
the cormresponding sides overlap

B Are the triangles congruent?

Simoe you used the same three pencils or drinking steaws (o creal
each trinngle, the corresponding sides of the triangles are the sam

Figure 21. Students use ordinary materials in
an activity on triangle congruence
postulates.

In this activity, students create the physical environment
for discovering an important geometric concept: “If three sides
of one triangle are congruent to three sides of another triangle,
the triangles are congruent.” Using three pencils of fixed
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length, students can see that any arrangement using the same
three sides produces congruent triangles. After demonstrating
the concept for themselves with the pencils, students make a
conjecture that the congruence relationship holds for any two
triangles. The concept is then summarized as the side-side-side
postulate (SSS).

Applying

Students are motivated to learn math when examples and
student exercises include real-life problems that students can
recognize as being relevant in their current or possible future
lives. These problems inherently answer the familiar question,
“Why do | have to learn this?’

Many of the real-life examples and exercisesin CORD
Geometry put students in workplace scenarios. In addition to
geometry and problem solving, students learn something about
the world of work in exercises such as the one shown in
Figure 22.

Montgomery is a compounding pharmacist at a pharmaoeutical
manutacturing plant. He is responsible for ensuring the company’s producs
conlain the comest amounts of active and inan |n1]|l‘.'diE|'|[5. Hi is alss
responsible for seledling the comect capsule sizes for specified dosages,
Whan a compound i prepared, the dosage is determined by the capsule
size, The company uses sight capsule sizes. The body length fp, cap length
Iz, and diameter o of the capsules are shown belaw.

Capmid | Booy Longis | CapLgth | Diamsies
[ L Pl i

o n' R [T
T B 30f0 | i3m | nmo
iz [k | 1o | tm
&8 | w88 | gps

Irddlsd Fills

[ 183 | @10 | gos
[Er-0 PRE] 5 A7
FE i 510
BB 5 m FTT

n The walume of a filled capsule consists of a cylinder af length (I —-:1-:..‘:1 and

twio hemispheres of dismeter d. Gaboulate the volume of a flled number O
capsule

Montgomery must select a capsuls sizs far production of a 25-milligram
gomery mus P pe gram
dosape of an antidepressant. Each capswa must contain 650 = 10 mm of tha
ompound. Which capsule should Maonigomary select for the production®

Figure 22. Students are placed in a
workplace scenario.
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In the exercise shown in the preceding figure, students
learn that, in addition to chemistry, a pharmacist must use
geometry and algebra on the job. To find the volume of a
capsule, the pharmacist uses formulas for the volumes of a
cylinder and a sphere. To decide which capsule is appropriate,
the pharmacist uses a problem-solving plan.

Cooperating

In addition to the lesson activities, there are thirty-three
laboratory activitiesin CORD Geometry. These labs provide
hands-on learning experiences in which students work in
groups to explore new concepts or enrich their understanding
of fundamental concepts presented in the lessons. Student
groups collect data, record data in tables formatted for the
labs, analyze data, and answer discussion questions.

Many labs get the students out of the classroom, where
more realistic measurements can be made. For example, in a
lab on equations of circles (Figure 23), groups establish an xy-
coordinate plane on a basketball court. The groups then
determine the equations of the free throw circles and center
circles on the court.
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Equations of Circles

Equipment Carpenter's souare
Masking tape
Siring
Taps MeAsLNe
Graph paper

1 Problem Stotement

Fracedura

'
[ i ]

&
1 o

T

¥eal walll Tind equations thal descrie midcourt and freefhrow
circles on 8 basketball courl. You will use the equations to
calculate coordnates of points on the circles.

Seleet twis intersecting boundary lines of the baskelball ceurt
o gerve ag anes jor an ry-coordinate eyetem. Label the axes
with masking tape. Sketch the basketbal cout on graph
paper, and label the s~ and y-axes on the sketch. Sketch the
free rew circles and label their centers A and C. Sheleh the
cancantric cdrcles at mideout, and kabel thair center 8.

The lines an the Meor of the baskelball coun are about 2
inshes vade. Dedde il your group will measure distances on
the Moor rom the inside, oulside, or center of the lines, Use
fhe same relaive posilion on e lings for a8l measunements, |
e — T

T e — =

Figure 23. Students establish an xy-coordinate
plane on a basketball court.

The group must decide where and how to establish the
origin of the coordinate system, how to measure the
coordinates of the centers of the circles, and how to write the

equation of each circle. T

hen, as a group, students use their

eguations to predict the coordinates of points marked on the
circles and test their predictions by measuring the coordinates.

Transferring

An indirect proof is one of the more difficult topicsin
mathematics. CORD Geometry introduces this method by
comparing it to something many students aready know—the

process of elimination.

-
g

The method is used in an example that proves the opposite

angle-side theorem in the
(Figure 24).

context of athrow-in play in soccer
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* Firat hiat all the poasihilities concerning the statoment you wan!
to prove

* Then ehow that all but one of che poesibilitios leadsz (o a
contraciction of & true statement.

* You ean then conclude that the remaining possibility must be @
Lrwe slatement.

Indirect proof by contradietion is often used in the workplace
A phveician'e assistant eliminates possible illneszes basod on
svmpioms a patient does or does net have. A detective assumes each
suspect commitied the crime until the evidence shows otherwise.
An auto repair technician troubleshosta the cause of an engine
problem by testing all possible parts that could ennse the problem,

EXAMPLE 2 An Indirect Proof

Brandon 18 the coach of a bov's socoer club. He s teaching the team

to throw the ball in from out of bounds. When the ball goes out of

ar mid-field, Bobevto will throw the ball back into the
- sapl. Poul s cleser to - xli

Figure 24. CORD Geometry introduces
students to a difficult topic—indirect
proofs—through familiar concepts.

CORD Applied Mathematics—A Contextual
Approach to Integrated Mathematics

CORD Applied Mathematics is a Set of forty modular
units (Figure 25) prepared to help students develop and refine
job-related mathematics skills. These modules are based on an
instructional design that emphasizes a contextual, hands-on
approach to learning.
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10
11

12
13

14

15

Getting to Know Your
Calculator

Naming Numbers in Different
Ways

Finding Answers with Your
Calculator

Learning Problem-Solving
Techniques

Estimating Answers

Measuring in English and
Metric Units

Using Graphs, Charts, and
Tables

Dealing with Data

Working with Lines and
Angles

Working with Shapes in Two
Dimensions

Working with Shapes in
Three Dimensions

Using Ratios and Proportions
Working with Scale Drawings

Using Signed Numbers and
Vectors

Using Scientific Notation
Precision, Accuracy, and
Tolerance

Solving Problems with
Powers and Roots

Using Formulas to Solve
Problems

16

17
18

19
20
21

22

23
24
25
26
27
28
29
30

31

32

33

34
35
36
37

Solving Problems That
Involve Linear Equations

Graphing Data

Solving Problems That
Involve Nonlinear Equations
Working with Statistics
Working with Probabilities
Using Right-Triangle
Relationships

Using Trigonometric
Functions

Factoring

Patterns and Functions
Quadratics

Systems of Equations
Inequalities

Geometry in the Workplace 1
Geometry in the Workplace 2

Solving Problems with
Computer Spreadsheets

Solving Problems with
Computer Graphics

Quality Assurance and
Process Gontrol 1

Quality Assurance and
Process Gontrol 2

Spatial Visualization
Coordinate Geometry
Logic
Transformations

Figure 25. CORD Applied Mathematics units

CORD Applied Mathematics contains the following features:

an integrated approach to presenting mathematics

mathematics materials that support specific occupational
studiesin such areas as health occupations, industrial
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technology, home economics, agriculture, or business and
marketing

motivationa videos that introduce each mathematics unit
and set the stage for the relevance of mathematicsin the
world of work

concepts presented within a contextual setting
student-led discovery activities

numerous examples that clarify concepts and provide
students models for solving problems

student exercises that include many real-world problem-
solving situations recognizable as being important to
students’ current or future lives

laboratory activities that support hands-on learners
through measurement, data collection, and real-world
samulation

interactive group activities where sharing, communicating,
and decision making occur

lessons, exercises, and labs that improve students' reading
and other communication skills

afour-step problem-solving process that students can
build on and refine throughout their lives

technology integration that makes effective use of
scientific and graphing calculators and spreadsheet
programs

teachers' guides that include complete student editions;
teacher notes; solutions and expected outcomes for video
problems, laboratory activities, and problem-solving
exercises, and blackline masters for end-of-unit tests,
transparencies, and student handouts

supplementary materials that include multiple-choice
guestion banks, an implementation resource guide, skill

52
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drill practice problems, atest database, study guides, and a
teacher’ s resource guide

CORD Applied Mathematics is structured using the
REACT strategy to meet the needs of the contextual learner.
Some examples from the CORD Applied Mathematics
materials that correspond to the five essential elements of the
REACT strategy are shown in the following sections.

Relating

Relating is learning in the context of life experiences.
CORD Applied Mathematics links everyday experiencesto
new skills or concepts.

For example, in Unit 28, an application of geometry in
industrial technology (Figure 26) begins with an object familiar
to everyone—atelevision.

The students are given two of the standards of the
television industry—aspect ratio and picture-tube size. The
students link these standards to the mathematical concepts of
hypotenuse and Pythagorean theorem. Students are then
challenged to find other parameters related to the design of a
television screen.
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Standard dimensions for TV picture tubes }

All peometry in the industrial workplase does not necessarily invalve
mechanical itoms. The drawing below is something most of us see
every day—the television.
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The vatio of height-taacidth is 34, This ratio is called the aspect ralio

It means, for example, that a television picture tubse 30 inches high \1

will be 40 inches wide, Television pictnre-trebe size i= given in

} aceordanee with the disgonal length of the tube face, Thus, a g
.

PR T

"

mingteon-inch televigion 2ot hag a faco with a 19-inch diagonal

Figure 26. In Unit 28, an explanation of the
application of geometry in industrial
technology begins with a familiar object.

Experiencing

CORD Applied Mathematics has three |aboratory
activities at the end of each unit that provide hands-on
experience for learning mathematics in team Situations.
Students are actively engaged in concrete learning in the
context of exploration, discovery, and invention. These labs
introduce new concepts or enrich the students' understanding
of fundamental concepts presented in the unit. Students work
in groups to collect data, record data in tables formatted for
the labs, make calculations, analyze data, discuss results, and
solve special challenge problems. For example, in Unit 4,
students measure the corresponding diameters and
circumferences of severa circular objects (Figure 27).
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Activity 3: Graphing diameter and circumference values

Equipment Vernier caliper
lath HrensEuring Lape
Kuler
Che-pound eodfes can
Soup man
Wooden dowel about 1 inch in diameter
HH
Five-gallon bucket
Drawing kit {Acou-Line™)

Statement of In this sctivity, you measure the corresponding diameter and
Problem circumlErence of several ciroular ohiects, Then vou plot the
corpogponding messurmmants and deaw a line graph, When you
hawve deawn the line graph vou will extend it togive the
corresponding eircambisrence and diameters of other cireular
alijeete vou haven 1 mepsured

Figure 27. In Unit 4, students gather data by
measuring diameters and circumferences.

Students record the data as ordered pairs and then plot it
on a coordinate plane. The students use the graph to determine
the circumferences and diameters of other circular objects.

Applying

Applying concepts or information in a useful context
enhances the learning process. Students are motivated to learn
mathematical concepts when the information is presented in a
setting that is relevant to them. An example problem from
Unit 16 is shown in Figure 28.
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USING EQUATIONS ON THE JOB

When you use equations Lo solve problems an the job, Che aqeations
aren't alwiys written out for you. Yew may fest have to pestate the
peablem in equation form and then zalve the equation
EI.EII'IPIE T You've just been hired ns a sales clerk in a large department store
Calcutating your Wou've beon told that vou will mesive & woakly aalaey of 16500 In
paycheck addition you'll receive 5% of the total value of the sales you make
during the week How can you predict your grass pay for any week?

Remember that it's helpful to peeture the problem as you begin to
solve it. Imthis o you cotld picture your pay for o week as two
ik of mone v. The first st wol 1= 150 dollar bills or 81500, The
second etack peprosonta 5% of your total eales of the woeol. The sum

of the two stacks (in dollars) is your weekly pay

Figure 14-8
Picturing your wieekly pay

Figure 28. Students examine mathematical
concepts in settings that are relevant to them.

In the example, the information is presented in afamiliar
contextual setting—earning wages. Students find the
application real and relevant to their lives. Thus, thereis an
intrinsic motivation to learn the mathematical concepts
underlying the problem.

Cooperating

Cooperating is learning in the context of sharing,
responding, and communicating. These skills are highly vaued
in the workplace.

CORD Applied Mathematics provides three |aboratory
activities in each unit. These laboratories are designed to
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encourage teamworking and develop students’ interpersona
skills. Additionally, many of the activities and examplesin
CORD Applied Mathematics are very adaptable to the use of
cooperative learning strategies.

In the example from Unit 26 shown in Figure 29, students
use a system of equations to determine the number of nuts and
boltsin a mixture.

Activity 2: Unmixing a mixture

Equipment  Box of small bolts
Box of gmall nuts
Paper cup, approximately 8-0z capacity
Platform spring scales, A-kg eapacity to nearest 25 g

The packaging of items may be done by weight or count. Suppose

Problem you have a mixture of two different items, ltem A and Item B. You
know the total count and total weight of the mixture, but you don't
know how many of each there are. However, if you know the
weight of one ltem A and one Item B, you ean determine how
many of each are in the mixture. In this activity, we'll simulate
the two items of a mixture using nuts and bolts,

Figure 29. In Unit 26, students use the skills
for solving a system of equations in a
hands-on activity involving nuts and bolts.

Transferring

Students are motivated and devel op confidence when a
new learning experience uses and builds upon what they
already know. This learning process is known as transferring.

For example, in the section Measuring Central Tendency
from Unit 19, a table showing the production data for three
workersis presented (Figure 30).
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Making a frequency distribution

In Example I vou counted how ofben the leilors of the alphalbet
cerarrred (Eheire Frequency), [n the next example. the data have
freguensy, but the facta themeelves are numbers instoad of lottors

Example 2: Threee workers are sewing items of cdothing, Table 152 ghowe
Making a how many garmenta each worker somplete: during sooh of 10

frequency suceessive wark days. Thes, Table 18-2 is 6 production resord.
disiribution

Table 19-2: Production data for three workers

Day of work
Workar | Day 1 Dey® Duwyd Deyd Day 5 Day 6 Oay 7 Dey & Day 9 Dy 10

Figure 30. In Unit 19, students learn how to
make a frequency distribution by studying
production data from a manufacturing setting.

The skill of reading charts and tables provides the
background for teaching students how to make frequency
distribution tables. From these tables students learn the three
measures of central tendency—mean, median, and mode. The
section concludes with students determining when the mean,
median, or mode best represents the requested measure of
central tendency. Thus, students build on their knowledge of
graphs and use this knowledge as a foundation for learning the
more complete concepts of central tendency.

How Can the Success of Contextual
Learning Be Measured?

It isimportant to understand that student performance is
only one factor to consider in determining the success of
applied academics. If we are truly looking for different
approaches to teaching and learning, our expectations and
assessments should reflect these differences.
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What should our expectations for success be?

Thefollowing isalist of criteriathat provide some metrics
for measuring the effectiveness of the REACT strategy.

Students are able to transfer knowledge from academic
content to vocational applications and from school to the
workplace.

Students are not afraid to take academic subjects such as
math and science.

Students are more interested and motivated and better
understand the value of the subject and of school in
genera than they did in classes taught using traditional
methods.

The applied courseis as challenging as the traditional
“college-prep” course on the same subject—not low level
or watered down.

The student population that has traditionally done poorly
in academic subjects displays improved performance.

Applied courses receive the same recognition and
acceptance from universities and colleges as do the
traditional courses with the same content.

Educators value quantitative evaluations in determining
the effectiveness of new teaching strategies. To accurately
evaluate the impact of a contextually based strategy, educators
must understand the environment in which this strategy is being
presented. The following list of assumptions helps define this
environment:

Most of the students enrolled in an applied academics
course traditionally have not been high achieversin that
subject or discipline.

Most of the students enrolled in applied academics courses
do not have significant learning disabilities.
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Most of the teachers of applied academics curriculaare
certified in the academic subjects/disciplines in which they
teach.

Teachers have not necessarily used the pedagogy of
applied/contextual methodology in the teaching of their
courses in the past.

All teachers of applied academics courses have received
training in the different teaching methods, the lab
equipment, and the overall management of materials and
activities related to the academic course in question.

Empowering Teachers

Implementing contextual learning in the classroom does
not simply require new tools such as applied academics
courses. It also requires new teaching techniques. For
contextual learning to have its maximum effect on students,
teachers must be empowered to effectively implement the
REACT strategy. This empowerment can come only through
professional development. This professional development must
acquaint teachers with the theory of contextual learning and its
trangdlation into classroom-specific practices. An additional
component of this professional development, which is often
overlooked, must include providing the information teachers
need about the relationships of academic curriculato personal,
societal, and especialy occupationa life.

We should not continue to expect teachersto do all the
work of seeking out real-life applications and relating them to
students through a variety of experiences. Instead, they need
the help of employers and other community representatives to
make the connection with the workplace that will enrich their
teaching. They need adequate training and sufficient release
time to learn new teaching methods and become familiar with
new materials. (All of the research and field tests conducted on
applied academics indicate clearly that the success of the
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curricula depends heavily on adequate teacher training prior to
implementation of the curricula.)

Said in a different way, the most powerful tool is effective
only when placed in skilled hands. CORD’ s applied academic
approach is a powerful educational tool. For its full impact on
education to be realized, teachers must be trained in its
effective use.
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