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FOREWORD

Alignment of the
Foundational Approachesin Science
Teaching (FAST) and Developmental Approaches
in Science, Health and Technology (DASH) Programs
with the
AAAS Benchmarksfor Science Literacy

The Foundational Approaches in Science Teaching (FAST) program is a series of three inquiry science
courses designed specifically for grades 6-10. FAST replicates the activities characteristic of the science
disciplines by providing investigative experiences in the physical, biological, and earth sciences. Content is
organized into three strands called physical science, ecology, and relational study. Relational study focuses on
the interrelationships of the science disciplines and the interactions of science and society.

The goa of FAST is the development of a scientifically literate student who has 1) the background
necessary for understanding the environmental concerns arising in our technological society, and 2) the
foundational tools for further study in the sciences. The principal objectives of FAST are to develop thinking
skills, laboratory skills, and knowledge of foundational concepts of the disciplines of science.

Developmental Approachesin Science, Health, and Technology (DASH) is an engaging K—6 curriculum
in science, health, and technology. DASH that meets the American Association for the Advancement of Science
(AAAS) Benchmarks for Science Literacy through ten learning clusters of activities. DASH is designed to
articulate with language arts, mathematics, arts, history, and geography. Students with various backgrounds and
learning styles master concepts and skills in contexts of authentic technological and scientific exploration,
invention, and explanation providing models for thinking and problem solving.

Both FAST and DASH are validated by the U.S. Department of Education’s Program Effectiveness
Panel and disseminated through the National Diffusion Network. They are also included in the U.S. Department
of Education’s Promising Practices in Mathematics and Science as meeting the standards for science reform in
the United States.

Benchmarks for Science Literacy is a product of the AAAS Project 2061 Science For All Americans
effort to reform science education in the United States. The Benchmarks specify how students should progress
toward science literacy, recommending what they should know and be able to do by the time they reach certain
grade levels—K—-2 and 3-5 for elementary schools; grades 6-8 for middle schools; and grades 9-12 for high
schools.

The following analysis describes how FAST and DASH address the recommended Benchmarks for
science education.

© The FAST/DASH Projects
University of Hawaii, CRDG AAAS Benchmark Analysis
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Analysisof DASH and FAST Match
tothe AAAS Benchmarksfor Science Literacy

The AAAS Benchmarks
for Grades 6-8

Developmental Approachesin
Science, Health and Technology
(DASH) Grade 6
&

Foundational Approachesin
Science Teaching (FAST)

(FAST 1, TheLocal Environment; FAST 2, Matter
and Energy; FAST 3, Change Over Time)

1. The Natur e of Science

1A. Scientific World View

*  When similar investigations give different results, the
scientific challengeis to judge whether the differences are
trivial or significant, and it often takes studies to decide.
Even with similar results, scientists may wait until an
investigation has been repeated many times before accepting
the results as correct.

o Scientific knowledge is subject to modification as new
information challenges prevailing theories and as a new
theory leadsto looking at old observationsin anew way.

»  Some scientific knowledge is very old and yet is still
applicable today.

e Some matters cannot be examined usefully in ascientific
way. Among them are matters that by their nature cannot be
tested objectively and those that are essentially matters of
morality. Science can sometimes be used to inform ethical
decisions by identifying the likely consequences of
particular actions but cannot be used to establish that some
is either moral or immoral.

FAST students develop a scientific world view by doing
science—designing and carrying out experiments, collecting and
analyzing data, and drawing conclusions based on evidence.
Students respond to differences in data collected by looking for
patterns and relationships, setting standards, examining the
effects of human and instrument error, graphing data and looking
for generalizations. Generalizations are based on data and
consensus. For example, in the design of investigations such as
the effect of scarification on seed germination and the effects of
environmental conditions on plant propagation, students learn
valid experimental design and analysis.

Definitions written in student books are reviewed and modified
as new information is collected in investigations. A definition
can always be revised as new information becomes available.

Actual datafrom earlier experiments are used to determine
experimental relationships as for example the study of
combining gaseous substances in the Literature of Chemistry
section of FAST 2.

Ethical dilemmas are examined in topics such as population
growth, energy sources and needs, human world food
production, and decision making for the future.
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1B. Scientific Inquiry

e Scientists differ greatly in what phenomenathey study and
how they go about their work. Although there is no fixed
set of stepsthat all scientists follow, scientific investigations
usualy involve the collection of relevant evidence, the use
of logical reasoning, and the application of imagination in
devising hypotheses and explanations to make sense of the
collected evidence.

» |f morethan one variable changes at the same timein an
experiment, the outcome of the experiment may not be
clearly attributable to any one of the variables. It may not
always be possible to prevent outside variables from
influencing the outcome of an investigation (or even to
identify all of the variables), but collaboration among
investigators can often lead to research designs that are able
to deal with such situations.

*  What people expect to observe often affects what they
actually do observe. Strong beliefs about what should
happen in particular circumstances can prevent them from
detecting other results. Scientists know about this danger to
objectivity and take stepsto try and avoid it when designing
investigations and examining data. One safeguard isto have
different investigators conduct independent studies of the
same questions.

Every DASH activity identifies agroup of scientists,
technologists, health workers, or others who normally work at
the task that they are engaged in. The activities closely follow
the investigative modes of the different disciplines and use
similar means for collecting data, reasoning, and hypothesizing
to make sense of the observations.

Particularly in biology problemsinvolving multiple variables,
populations size, controls, experimental replication are
constantly confronted by DASH students. Experiments are
normally done collaboratively with group monitoring of the
appropriateness of methodology.

Throughout FAST students design and carry out their own
investigations. Careful attention is paid to valid experimental
design including the use of controals, replication of experimental
results, and setting of proper standards.

Scientists and how they worked are studied in the disciplines of
astronomy, chemistry, physics, geophysics and organic
chemistry. Students conduct actual investigations as physical
scientists, ecologists, and technologists.

FAST investigations rely on replication of dataand group
consensus on the interpretation of results. Specific examples of
where students examine bias include the use of the coldwater
potometer, replication in experimental design, and data
collection on air and water quality in FAST 1.

1C. The Scientific Enterprise

»  Important contributions to the advancement of science,
mathematics, and technology have been made by different
kinds of people, in different cultures, at different times.

e Until recently, women and racial minorities, because of
restrictions on their education and employment
opportunities, were essentially left out of much of the formal
work of the science establishment; the remarkable few who
overcame those obstacles were even then likely to have their
work disregarded by the science establishment.

*  No matter who does science and mathematics or invents
things, or when or where they do it, the knowledge and
technology that result can eventually become available to
everyone in the world.

»  Scientists are employed by colleges and universities,
business and industry, hospitals and many government
agencies. Their places of work include offices, classrooms,
laboratories, farms, factories, and natural field settings
ranging from space to ocean floor.

The selection of DASH activities has been guided by a
recapitulationist notion that history provides a developmental
seguence of the ideas of science, health services, and other
technologies that can be used to guide the school curriculum.
DASH students become inventors, designers, builders, testers,
investigators, hypothesizers, experimenters, and interpreters of
data as they reconstruct the human experience of science and
technology in the context of the classroom. In this environment
DASH isblind to gender, racial, or ethnic differences. This
development of science and technology is an experience open to
all human beings.

DASH classes are encouraged to draw upon the community of
present day professionalsto exemplify the import of their
inquiry. This allows students to see that these professionals are
operating on the same knowledge base that they are experiencing
and that once ideas are generated they become the property of
the entire human community. Just as important, the use of
community resources allows students to see and visualize the
many work places of professionals.
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1.C. The <ientfic Enterprise (continued)

* Inresearch involving human subjects, the ethics of science
require that political subjects be fully informed about the
risks and benefits associated with the research and of their
right to refuse to participate. Science ethics also demand
that scientists must not knowingly subject coworkers,
students, the neighborhood, or the community to health or
property risks without prior knowledge and consent.
Because animal s cannot make informed choices, special care
must be taken in using them in scientific research.

»  Computers have become invaluable in science because they
speed up and extend peopl€'s ability to collect, store,
compile and analyze data, prepare research reports, and
share data and ideas with investigators all over the world.

»  Accurate record-keeping, openness, and replication are
essential for maintaining an investigator's credibility with
other scientists and society.

DASH students confront the ethical responsibilities that are
inherent in dealing with animal populations form kindergarten,
and these responsibilities are extended into their grade 6
activities.

FAST investigations are taken from an historical approach. We
have looked to the history of science for examples of how
humans first dealt with foundational science concepts. In their
investigations, students also examine how ideas have changed
over time and the cumulative contributions of scientists
worldwide.

Specifically, the nature of the scientific enterprise is the focus of
investigations of Dalton’s Atomic Theory (FAST 2) and the
FAST 3 sections on the history of astronomy, organic chemistry,
plate tectonics, and human intervention in environments.

Students are required to keep notebooks of their investigations.
Their notebook is their science textbook in FAST.

2. Nature of Mathematics

2A. Patterns and Relationships

» Usualy thereis no one right away to solve a mathematical
problem; different methods have different advantages and
disadvantages.

e Logical connections can be found between different parts of
mathematics.

DASH uses awide range of mathematical techniques, including
graphing, intuitive geometry, arithmetic, decimals, negative and
positive numbers, scaling, and multiple forms of measuring.

Different techniques are called upon as needed. Often several
different operations will be used by different class groups or
individuals to analyze and/or display the same information. By
allowing the students to seek their own techniques of display and
analysis they quickly grasp the idea of an inherent equivalency
of mathematical techniquesto give meaning to their data.

Graphing is used extensively in FAST as atool to search for
patterns and relationships. For example, students use graphs to
find averages and compare with cal culated meansin comparing
densities of substances.

Measuring is an important part of mathematics and science. In
FAST students learn basic skillsin linear, area, volume, mass,
temperature, density, energy, work, chromatography,
astronomical, and other measurements.
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2B. Mathematics, Science and Technology

*  Mathematicsis helpful in almost every kind of human
endeavor- from laying bricksto prescribing medicine or
drawing aface. In particular, mathematics has contributed
to progress in science and technology for thousands of years
and till continuesto do so.

Mathematics, because of its centrality in science, the health
services, and other technologiesis central in DASH. For example
DASH 6 students design a Martian survival habitat to optimize
work space from a single sheet of plastic; they analyze six years
of weather data to assign a climate designation to the region
about their school and then apply the same techniquesto
hypothesize a climatic map for Mars; they derive the law of
levers; and project their body sizes over the next four years from
six years of growth data and knowledge of their family anatomic
characteristics.

Mathematics plays a central rolein FAST beginning with initial
investigations on buoyancy and density (FAST 1), study of
Dalton’s Atomic Theory (FAST 2), predicting the energy
involved in mountain formation and erosion, calculating force,
work, and energy, and using scientific notation.

2C. Mathematical Inquiry

»  Mathematicians often represent things with abstract ideas,
such as numbers or perfectly straight lines, and then work
with those ideas alone. The "things" from which they
abstract can be ideas themselves (for example, a proposition
about "all equal-sided triangles' or "all odd numbers").

*  When mathematicians use logical rulesto work with
representations of things, the results may or may not be
valid for the things themselves. Using mathematics to solve
a problem requires choosing what mathematics to use;
probably making some simplifying assumptions, estimates,
or approximations; doing computations; and then checking
to see whether the answer makes sense. |f an answer does
not seem to make enough sense for its intended purpose,
then any of these steps might have been inappropriate.

DASH 6 captures the tension between the real and ideal in
mathematical representation. In their analysis of data the students
look for pure curves that best describe their work, while fully
recognizing that real data do not always fall on such curves. For
example, in distance and height measurement they use
triangulation which trandlates into usable data, but data, never
fully equivalent to theideal.

In DASH students are encouraged to make approximations and
use these as areality check against calculation. Conclusions are
checked against group results to weed out illogic and error.

Ratios also play an important rolein FAST asin density,
humidity, law of combining volumes, and gas laws. Angle
measurements are employed in the study of light, azimuth and
altitude calculations using astrolabes and sunscopes, and the
formation and erosion of landforms.

Students use a variety of formulae for the calculation of density,
energy, work, mechanical equivalent of heat, caloriesin food, the
specific heat of metals and liquids, universal laws of gravitation,
and energy flow through ecosystems.
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3. The Nature of Technology

3A .Technology and Science

* Inearlier times, the accumulated information and techniques
of each generation of workers were taught on the job
directly to the next generation of workers. Today, the
knowledge base for technology can be found aswell in
libraries of print and electronic resources and is often taught
in the classroom.

» Technology is essential to science for such purposes as
access to outer space and other remote locations, sample
collection and treatment, measurement, data collection and
storage, computation, and communication of information.

e Engineers, architects, and others who engage in design and
technology use scientific knowledge to solve practical
problems. But they usually have to take human values and
limitations into account as well.

DASH students as scientists and technol ogists are encouraged to
take advantage of the full range of instructive modes available to
them. This begins with their own experience and
experimentation, and embraces the knowledge found in reference
works, and in the expertise of teachers, professionals, and others.

DASH students are aware of the role of technology in science
and they work at the tasks of instrument makers, crafters of
devices necessary to carry out their experiments, and keepers of
the records of their work.

In DASH 6 students are periodically asked to deal with the
moral, ethical, economic, and political issues of various
dimensions of such amission.

The growth of technology and the subsequent impact on
scientific knowledge is noted in such areas as the development of
the balance (FAST 1), methods of handling gases (FAST 2), the
history of plate tectonics, and the development of astronomy and
astronomical instruments (FAST 3).

Students build their own instruments for field mapping, weather
measurement, air pollution studies, water quality studies, and
astronomy.

Design projects such as submarines, moving fluids project give
students opportunities to solve practical problems through
technology. These problems have multiple solutions, but
solutions must be evaluated in terms of feasibility and human
value.

3B. Design and Systems

» Design usualy requirestaking constraints into account.
Some constraints, such as gravity or the properties of the
materials to be used are unavoidable. Other constraints,
including economic, political, social, ethical, and aesthetic
ones, limit choices.

»  All technologies have effects other than those intended by
the design, some of which may have been predictable and
some not. In either case, these side effects may turn out to
be unacceptable to some of the population and therefore lead
to conflict between groups.

e Almost al control systems have inputs, outputs, and
feedback. The essence of control is comparing information
about what is happening to what people want to happen and
then making appropriate adjustments. This procedure
requires sensing information, processing it, and making
appropriate adjustments. This procedure requires sensing
information, processing it, and making microprocessors
serve as centers of performance control.

DASH students use “found-materials’ to construct the equipment
and the devices needed in their studies. From the beginning they
are design and production engineers and become well aware of
the limitations of the materials and the constraints materials put
on construction. In addition, they work as a community, where
aesthetics, space requirements, costs, and the palitics of the
school are factors they must consider in construction.

DASH activities are connected longitudinally over multiple
years, and horizontally within grade level. Selected activities are
ongoing throughout the seven years of the program. This alows
for a constant monitoring of the functionality of constructed
equipment and invented technique. When devices or procedures
do not meet expectations they are modified and some times
redesigned.
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3.B. Design and Systems (continued)

Systems fail because they have faulty or poorly matched
parts, are used in ways that exceed what was intended by the
design, or were poorly designed to begin with. The most
common ways to prevent failure are pre-testing parts and
procedures, overdesign, and redundancy.

Because much equipment must remain functional over long
periods of time students are encouraged to analyze every failure
and in their modification or redesign invent solutions that will be
more lasting. Thisincludes retesting of parts, and creating
redundancy features in anticipation of breakdown. For example,
DASH students will usually have several instruments of the same
kind in operation.

Student-made inventions and devices are analyzed for how well
they work and for their impact on the environment and society.
FAST design projects offer many opportunitiesto evaluate
alternative solutions to problems. In Change Over Time,
students specifically study the interaction of technology and
society from an historical perspective and in the present
including such topics as population growth, energy and land use,
and resource management. Decision making is practiced in a
simulation called Ostrich Bay where students get to see the
conseguences of decision regarding the use of technologies. In
FAST 1, design technologies are analyzed in studies of weather,
air pollution, and water resource management.

In FAST, investigations of anomalies often result in failure of
students' first attempts to solve them. For example, in measuring
the heat from sunlight in FAST 2, the design flaws in initial
devices and the need for standard measurements are identified by
students. A return to this project is successful when knowledge
of materials and skills gained in FAST investigations have been
compl eted.

3C. Issuesin Technology

The human ability to shape the future comes from a capacity
for generating knowledge and devel oping new
technologies—and for communicating ideas to others.
Technology cannot always provide successful solutions for
problems or fulfill every human need.

Throughout history, people have carried out impressive
technological feats, some of which would be hard to
duplicate today even with modern tools. The purposes
served by these achievements have sometimes been
practical, sometimes ceremonial.

Technology has strongly influenced the course of history
and continuesto do so. Itislargely responsible for the great
revolutions in agriculture, manufacturing, sanitation and
medicine, warfare, transportation, information processing,
and communications that have radically changed how
peoplelive.

New technol ogies increase some risks and decrease others.
Some of the same technologies that have improved the
length and quality of life for many people have also brought
new risks.

DASH students are continually shaping their own future by
bettering their classroom environment through their invention of
helpful devices and procedures. These inventions include better
ways to store supplies and equipment, use space, organize
groups, monitor safety, control personal interactions, and build
more effective equipment. All of these improvements are
recorded on a public document called the Learning Calendar, a
daily public chronicle of the events of the DASH class.

DASH students soon realize that there are problems that
technology cannot yet nor may never solve—there are limits set
by the nature of nature.

Since the focus of DASH 6 is centered on a great technologic
feat projected for the early years of the twenty-first century, the
activities delve deeply into the continuing revolutionsin
agriculture, manufacturing, sanitation and medicine,
transportation, information processing, and communications that
will radically changed the way people live.
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3C. Issuesin Technology (continued)

» Rarely are technology issues simple and one-sided.
Relevant facts aone, even when known and available,
usually do not settle matters entirely in favor of one side or
another. That is because the contending groups may have
different values and priorities. They may stand to gain or
losein different degrees, or may make very different
predictions about what the future consequences of the
proposed action will be.

»  Societiesinfluence what aspects of technology are
developed and how these are used. People control
technology (as well as science) and are responsible for its
effects.

Communication is essential to science and to FAST. Students
record their own and their classmates experimentsin their
science notebooks, they identify generalizations and conclusions
through class consensus, they frequently report to their peers on
their investigations through oral and written reports and
seminars.

Students find examples of the limitations of technology in their
investigations of air and water quality (FAST 1), measurements
of the solar constant and forced ecosystems (FAST 2), and the
interaction of science, technology, and society (FAST 3).

Examples of FAST studies that focus on the feats of technology
include Kepler’ sinventions and his interpretation of Brahe's data
(FAST 3), techniques of analyzing matter used by early chemists
(FAST 2 and FAST 3), and Galileo’s and Newton’ s inventions
(FAST 3).

The impact of technology on the course of history is specifically
included in FAST investigations on agricultural technology
(FAST 2 and FAST 3), the Copernican revolution (FAST 3), and
the role of technology in the scientific revolution over plate
tectonics (FAST 3).

Risk-benefit analysisisincluded in studies of slash and burn
agriculture, energy resource use, population studies and limiting
factors in the environment, the impact of fertilizers and
pesticides, and case studies of population effects.

Complexity of technological issuesisthe focus on studies of air
pollution and water resource management (FAST 1), the
productivity project and world food production (FAST 2), and
energy/land use by humans past and present (FAST 3).

4. The Physical Setting

4A. The Universe

* Thesunisamedium-sized star located near the edge of a
disk-shaped galaxy of stars, part of which can be seenasa
glowing band of light that spans the sky on avery clear
night. The universe contains many billions of galaxies, and
each galaxy contains many bhillions of stars. To the naked
eye, even the closest of these galaxiesis no more than adim,

fuzzy spot.

DASH students study the solar system and the stars from
kindergarten. They know the rotational and revolutionary
dynamics and distribution of planets, asteroids, moons, and
comets; they have used a planetarium to locate the visible stars;
they study the sun and use it as amodel for other stars; they
construct models of relative distances and dimensions of the
planets and the moon.
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4A. The Univer se (continued)

*  Thesunis many thousands of times closer to the earth than
any other star. Light from the sun takes afew minutes to
reach the earth, but light from the next nearest star takes a
few yearsto arrive. Thetrip to that star would take the
fastest rocket thousands of years. Some distant galaxies are
so far away that their light takes several billions of yearsto
reach the earth. People on earth, therefore, see them as they
were that long ago in the past.

* Nineplanets of very different size, composition, and surface
features move around the sun in nearly circular orbits.
Some planets have a great variety of moons and even flat
rings of rock and ice particles orbiting around them. Some
of these planets and moons show evidence of geologic
activity. The earth is orbited by one moon, many artificial
satellites, and debris.

»  Large numbers of chunks of rock orbit the sun. Some of
those that the earth meetsin its yearly orbit around the sun
glow and disintegrate from friction as they plunge through
the atmosphere—and sometimes impact the ground. Other
chunks of rocks mixed with ice have long, off-center orbits
that carry them close to the sun, where the sun's radiation (of
light and particles) boils off frozen material from their
surfaces and pushesit into along, illuminated tail.

By DASH 6 they are ready to study a planet in detail, its
climates, seasons, geography, geology, and to navigate to that
planet. Throughout they rely upon use and modify the
astronomical models developed previously.

All thisiskept alive by regular reports on astrophysical events as
found in magazines and newspapers and posted on the L earning
Calendar.

In FAST 3, Change over Time, students make astrolabes and
sunscopes to measure the movement of the sun, moon, planets,
and constellations. They then research the history of astronomy
and different models of the Earth’s environment to explain their
observations. Later investigations focus on current cosmological
theories, stellar life cycles, and the formation of elements, Earth,
and early atmospheres.

4B. The Earth

*  Weliveonarelatively small planet, the third from the sunin
the only system of planets definitely known to exist
(although other, similar systems may be discovered in the
universe).

e Theearthismostly rock. Three-fourths of its surfaceis
covered by arelatively thin layer of water (some of it
frozen), and the entire planet is surrounded by arelatively
thin blanket of air. It isthe only body in the solar system
that appears able to support life. The other planets have
compositions and conditions very different from the earth's.

e Everything on or anywhere near the earth is pulled toward
the earth's center by gravitational force.

»  Becausethe earth turns daily on an axisthat istilted relative
to the plane of the earth's yearly orbit around the sun,
sunlight falls more intensely on different parts of the earth
during the year. The differencein heating of the earth's
surface produces the planet's seasons and weather patterns.

e Themoon's orbit around the earth once in about 28 days
changes what part of the moon is lighted by the sun and how
much of that part can be seen from the earth—the phases of
the moon.

DASH 6 caps studies of the geology and meteorology of the
Earth by using them to provide models of the geology and
meteorology of Marsasit is now and may exist in the future
when it isterriformed to support life.

DASH 6 continues studies of gravity and itsrole in holding
together the solar system. Similaritiesin Earth’sand Mars' s axial
rotation are studied to predict paralelsin Mars's seasons and
weather conditions before and after terriforming.

Earth’ s moon phases have been studied in DASH K through 5
and are extended in DASH 6 to predictions about the surface of
Mars and its moons.

FAST 3, Change over Time—Unit 2, The Changing Earth;
Unit 3, The Changing Universe; Unit 5, Continental Drift.
FAST 2, Matter & Energy in the Biosphere—PS Unit 1, Light
and Heat; E Unit 3, The Cycling of Matter; RS Unit 1,
Productivity Project; FAST 3, Change over Time—Unit 3, The
Changing Universe.
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4B The Earth (continued)

Climates have sometimes changed abruptly in the past asa
result of changesin the earth's crust, such as volcanic
eruptions or impacts of huge rocks from space. Even
relatively small changes in atmospheric or ocean content can
have widespread effects on climate if the change lasts long
enough.

»  Thecycling of water in and out of the atmosphere plays an
important role in determining climatic patterns. Water
evaporates from the surface of the earth, rises and cools,
condensesinto rain or snow, and falls again to the surface.
The water falling on land collectsin rivers and lakes, soil,
and porous layers of rock, and much of it flows back into the
ocean.

*  Freshwater, limited in supply, is essential for life and also
for most industrial processes. Rivers, lakes, and ground
water can be depleted or polluted, becoming unavailable or
unsuitable for life.

e Heat energy carried by ocean currents has a strong influence
on climate around the world.

*  Some minerals are very rare and some exist in great
guantities, but—for practical purposes—the ability to
recover them isjust asimportant as their abundance. As
minerals are depleted, obtaining them becomes more
difficult. Recycling and the development of substitutes can
reduce the rate of depletion but may also be costly.

*  The benefits of the earth's resources—such as fresh water,
air, soil, and trees—can be reduced by using them
wastefully or by deliberately or inadvertently destroying
them. The atmosphere and the oceans have a limited
capacity to absorb wastes and recycle materials naturally.
Cleaning up polluted air, water, or soil or restoring depleted
soil, forests, or fishing grounds can be very difficult and
costly.

FAST 1, The Local Environment—E Unit 2, The Physical
Environment; FAST 3, Change over Time—Unit 3, The
Changing Universe; Unit 4, Unit 5, Continental Drift.

FAST 1, The Local Environment—E Unit 2, The Physical
Environment; Unit 4, Field Ecology; RS Unit 2, Water Resource
Management; FAST 2, Matter & Energy in the Biosphere—E
Unit 3, The Cycling of Matter.

FAST 1, The Local Environment—E Unit 2, The Physical
Environment; RS Unit 1, Air Pollution; RS Unit 2, Water
Resource Management; FAST 3, Change over Time—Unit 6,
Changing Ecosystems.

FAST 1, The Local Environment—E Unit 2, The Physical
Environment; PS Unit 3, Temperature and Heat; FAST 3,
Change over Time—Unit 6, Changing Ecosystems.

FAST 1, The Local Environment
FAST 2, Matter & Energy in the Biosphere
FAST 3, Change over Time

4C. Processes That Shape The Earth

» Theinterior of the earth is hot. Heat flow and movement of
material within the earth cause earthquakes and volcanic
eruptions and create mountains and ocean basins. Gas and
dust from large vol canoes can change the atmosphere.

*  Some changes in the earth's surface are abrupt (such as
earthquakes and vol canic eruptions) while other changes
happen very dowly (such as uplift and wearing down of
mountains). The earth's surface is shaped in part by the
motion of water and wind over very long times, which act to
level mountain ranges.

»  Sediments of sand and smaller particles (sometimes
containing the remains of organisms) are gradually buried
and are cemented together by dissolved mineralsto form
solid rock again.

FAST 3, Change over Time—Unit 2, The Changing Earth; Unit
3, The Changing Universe; Unit 5, Continental Drift.

FAST 3, Change over Time—Unit 2, The Changing Earth; Unit
5, Continental Drift; Unit 6, Changing Ecosystems.

FAST 1, The Local Environment—E Unit 2, The Physical
Environment; FAST 3, Change over Time—Unit 2, The
Changing Earth; Unit 5, Continental Drift.
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4C. Processes That Shape The Earth (continued)

»  Sedimentary rock buried deep may be reformed by pressure
and heat, perhaps melting and recrystallizing into different
kinds of rock. These re-formed rock layers may be forced
up again to become land surface and even mountains.
Subsequently, this new rock too will erode. Rock bears
evidence of the minerals, temperatures, and forces that
created it.

»  Thousands of layers of sedimentary rock confirm the long
history of the changing surface of the earth and the
changing life forms whose remains are found in successive
layers. The youngest layers are not always found on top,
because of folding, breaking, and uplift of layers.

»  Although weathered rock is the basic component of soil, the
composition and texture of soil and its fertility and
resistance to erosion are greatly influenced by plant roots
and debris, worms, insects, rodents and other organisms.

e Human activities, such as reducing the amount of forest
cover, increasing the amount of forest cover, increasing the
amount and variety of chemicals released into the
atmosphere, and intensive farming, have changed the earth's
land, oceans, and atmosphere. Some of these changes have
decreased the capacity of the environment to support some
life forms.

FAST 3, Change over Time—Unit 2, The Changing Earth; Unit
5, Continental Drift.

FAST 3, Change over Time—Unit 2, The Changing Earth; Unit
5, Continental Drift.

FAST 1, The Local Environment—E Unit 2, The Physical
Environment; FAST 2, Matter & Energy in the Biosphere—RS
Unit 1, Productivity Project; FAST 3, Change over Time—Unit
2, The Changing Earth; Unit 5, Continental Drift.

FAST 1, The Local Environment—E Unit 4, Field Ecology; RS
Unit 1, Air Pollution; RS Unit 2, Water Resource Management
FAST 2, Matter & Energy in the Biosphere—E Unit 3, Cycling
of Matter

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 6,
Changing Ecosystems

In DASH 6 geologic forces on Earth are studied to reflect on
geologic forces on Mars. Studied are regions of Mars with
geologic formations produced by catastrophic
conditions—volcanic eruption, subsidence, earthquakes and
regions produced by gradual processes—uplift, erosion,
sedimentation, evaporative deposition, and so forth.

Rock formation from volcanism, sedimentation, and evaporation
aswell as metamorphism by heat and pressure are studied. The
historic layering of sediments and volcanic flowsis
hypothesized.

4D. The Structure of Matter

*  All matter is made up of atoms, which are far too small to
see directly through a microscope. The atoms of any
element are alike but are different from atoms of other
elements. Atoms may stick together in well-defined
molecules or may be packed together in large arrays.
Different arrangements of atoms into groups compose all

FAST 2, Matter & Energy in The Biosphere—PS Unit 2,
Evidence for an Atomic Theory; FAST 3, Change over
Time—Unit 4, Life on Earth.

substances.

»  Equa volumes of different substances usually have different | FAST 1, The Local Environment—PS Unit 1, Properties of
weights. Matter.
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4D. The Structure of Matter (continued)
*  Atomsand molecules are perpetually in motion. Increased | FAST 2, Matter & Energy in the Biosphere—PS Unit 2,

temperature means greater average energy of motion, so Evidence for an Atomic Theory; PS Unit 3, A Model of Matter;
most substances expand when heated. In solids, theatoms | FAST 3, Change over Time—Unit 1, Force, Work & Energy;
are closely locked in position and can only vibrate. In Unit 3, The Changing Universe; Unit 4, Life on Earth.

liquids, the atoms or molecules have higher energy of
motion, are more loosely connected, and can dlide past one
another; some molecules may get enough energy to escape
into agas. In gases, the atoms or molecules have still more
energy of motion and are free of one another except during
occasional collisions.

e Thetemperature and acidity of a solution influencereaction | FAST 1, The Local Environment—PS Unit 2, Changes of State
rates. Many substances dissolve in water, which may in Matter; FAST 2, Matter & Energy in the Biosphere—PS Unit
gresatly facilitate reactions between them. 2, Evidence for an Atomic Theory; FAST 3, Change over

»  Scientific ideas about elements were borrowed from some Time—Unit 4, Life on Earth.

Greek philosophers of 2,000 years earlier, who believed that
everything was made from four basic substances; air, earth, | FAST 2, Matter & Energy in the Biosphere—PS Unit 2,
fire, and water. It was the combination the these "elements’ | Evidence for an Atomic Theory; FAST 3, Change over
in different proportions that gave other substances their Time—Unit 4, Life on Earth.

observable properties. The Greeks were wrong about those
four, but now over 100 different elements have been
identified, some rare and some plentiful, out of which
everything is made. Because most elements tend to combine
with others, few elements are found in their pure form.

e Thereare groups of elements that have similar properties, FAST 2, Matter & Energy in the Biosphere—PS Unit 2,
including highly reactive metals, less reactive metals, highly | Evidence for an Atomic Theory; FAST 3, Change over
reactive nonmetal s (such as chlorine, fluorine, and oxygen), | Time—Unit 4, Life on Earth.
and some almost completely nonreactive gases (such as
helium and neon). An especially important kind of reaction
between substances involves combination of oxygen with
something else—as in burning or rusting. Some elements
don't fit into any of the categories; among them are carbon
and hydrogen, essential elements of living matter.

*  No matter how substances within a closed system interact FAST 2, Matter & Energy in the Biosphere—PS Unit 2,
with one another, or how they combine or break apart, the Evidence for an Atomic Theory; E Unit 3, Cycling of Matter;
total weight of the system remains the same. The idea of FAST 3, Change over Time—Unit 4, Life on Earth.
atoms explains the conservation of matter: If the number of
atoms stays the same no matter how they are rearranged, DASH 6 introduces the nomenclature of atoms, molecules, and
then their total mass stays the same. compounds.

Bernoulli’s dynamic atomic model of agasisintroduced in the
description of the effects of temperature on air pressure. Its
application is hypothesized to explain changesin state.

In DASH 6 solution chemistry is studied in the formation of
evaporative mineral deposits and the recovery of compounds
from solutions.

Theidea of conservation of matter is hypothesized asalogical
conseguence of matter in a closed system such as a spacecraft.
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4E. Energy Transformations

»  Energy cannot be created or destroyed, but only changed
from one form to another.

* Most of what goes on in the universe—from exploding stars
and biological growth to the operation of machines and the
motion of people—involves some form of energy being
transformed into another. Energy in the form of heat is
almost always one of the products of an energy
transformation.

* Heat can be transferred through materials by the collisions
of atoms across space by radiation. 1f the material isfluid,
currentswill be set up iniit that aid the transfer of heat.

» Energy appearsin different forms. Heat energy isin the
disorderly motion of molecules and radiation; chemical
energy isin the arrangement of atoms; mechanical energy is
in moving bodies or in elasticity distorted shapes;
gravitational energy isin the separation of mutually
attracting masses.

FAST 1, The Local Environment—PS Unit 3, Temperature and
Heat

FAST 2, Matter & Energy in the Biosphere

FAST 3, Change over Time

FAST 1, The Local Environment—PS Unit 3, Temperature and
Heat; FAST 2, Matter & Energy in the Biosphere—PS Unit 1,
Light and Heat; PS Unit 3, A Model of Matter.

FAST 2, Matter & Energy in the Biosphere
FAST 3, Change over Time.

In DASH 6 the emphasisis on transformation of light into heat
and photosynthetic products; electricity and magnetism into
mechanical energy, heat, light including radio and sound;
chemical energy into electricity and motion; and gravitational
energy into motion and heat.

Heat transfer by particle collision is hypothesized in the study of
Bernoulli’s model of gases. Formation of currentsin liquids and
gasesisinvestigated.

4F. Motion

* Light from the sun is made up of amixture of many different
colors of light, even though to the eye the light looks almost
white. Other thingsthat give off or reflect light have a
different mix of colors.

e Something can be "seen" when light waves emitted or
reflected by it enter the eye—just as something can be
"heard" when sound waves from it enter the ear.

* Anunbalanced force acting on an object changes its speed or
path of motion, or both. If the force acts towards asingle
center, the objects path may curve into an orbit around the
center.

»  Vibrationsin materials set up wavelike disturbances that
spread away from the source. Sound and earthquake waves
are examples. These and other waves move at different
speedsin different materials.

e Human eyesrespond to only a narrow range of wavelengths
of electromagnetic radiation—visible light. Differences of
wavelength within that range are perceived as differencesin
color.

FAST 2, Matter & Energy in the Biosphere—PS Unit 1, Light
and Heat; E Unit 1, Primary Production; FAST 3, Change over
Time—Unit 3, The Changing Universe.

FAST 2, Matter & Energy in the Biosphere—PS Unit 1, Light
and Heat; E Unit 1, Primary Production; FAST 3, Change over
Time—Unit 3, The Changing Universe.

FAST 3, Change over Time—Unit 1, Force, Work, and Energy;
Unit 2, The Changing Earth; Unit 3, The Changing Universe;
Unit 5, Continental Drift.

FAST 2, Matter and Energy in the Biosphere—PS Unit 3, A
Model of Matter; FAST 3, Change over Time—Unit 2, The
Changing Earth; Unit 3, The Changing Universe; Unit 5,
Continental Drift.

FAST 2, Matter & Energy in the Biosphere—PS Unit 1, Light
and Heat; FAST 3, Change over Time—Unit 3, The Changing
Universe.

Airfoil lift and rocket propulsion models are developed from
Bernuolli’swork. The orbital paths of spacecraft and satellites
under the influence of gravity are studied in DASH 6.
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4G. Forces of Nature

Every object exerts gravitational force on every other object.
The force depends on how much mass the objects have and
on how far apart they are. Theforceis hard to detect unless
at least one of the objects has alot of mass.

The sun's gravitational pull holds the earth and other planets
in their orbits, just as the planets' gravitational pull keeps
their moonsin orbit around them.

Electric currents and magnets can exert aforce on each
other.

FAST 3, Change over Time—Unit 1, Force, Work and Energy;
Unit 2, The Changing Earth; Unit 3, The Changing Universe.

FAST 3, Change over Time—Unit 3, The Changing Universe.

A highly sophisticated asymmetric balance with fixed and
sliding counter balancesis constructed in DASH 6 that has a
sensitivity of 0.1 g, £0.1 g at a cost under 50¢.

The orbits of the planets are attributed to gravity starting in
DASH 5. Magnetic and electrostatic forces are investigated in
detail in DASH 6 and become the basis for the invention of
various machines including communication devices and motors.

5. TheLiving Environment

5A. Diversity of Life

One of the most general distinctions among organismsis
between plants, which use sunlight to make their own food,
and animals, which consume energy-rich foods. Some kinds
of organisms, many of them microscopic, cannot be neatly
classified as either plants or animals.

Animals and plants have a great variety of body plans and
internal structures that contribute to their being able to make
or find food and reproduce.

Similarities among organisms are found in internal
anatomical features, which can be used to infer the degree of
relatedness among organisms. In classifying organisms,
biologists consider details of internal and external structures
to be more important than behavior or general appearance.
For sexually reproducing organisms, a species comprises all
organisms that can mate with one another to produce fertile
offspring.

All organisms, including the human species, are part of and
depend on two main interconnected global food webs. One
includes microscopic ocean plants, the animals that feed on
them, and finally the animals that feed on those animals.
The other web includes land plants, the animals that feed on
them, and so forth. The cycles continue indefinitely because
organisms decompose after death to return food material to
the environment.

FAST 1, The Local Environment
FAST 2, Matter & Energy in the Biosphere
FAST 3, Change over Time

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 5,
Continental Drift.

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 5,
Continental Drift; Unit 6, Changing Ecosystems.

FAST 2, Matter & Energy in the Biosphere;
FAST 3, Change over Time

The specificity of energy and nutrient needs is emphasized in
DASH 6 in the studies of aquaculture and hydroponics. Here
land and aquatic plants, invertebrates, and fish are studied. This
is paralleled with detailed studies of decomposers and soil
builders. The uniqueness of virus, bacteria, and moldsis
observed and reflected upon in the light of earlier plant and
animal dichotomies.
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5.A. Diversity of Life (continued)

Human reproduction is emphasized in DASH 5 and reinforced in
DASH 6 with consideration of teen-age pregnancy, its health and
consequences for mother and child, and its social implications.

Food webs and chains are introduced in DASH 6 in the study of
aquaculture and hydroponics. This study is extended to Earth’s
natural environments.

The cycling of carbon dioxide, oxygen, water, food, and minerals
is traced through the processes of respiration, photosynthesis,
and decomposition.

5B. Heredity

* Insomekinds of organisms, al the genes come from a
single parent, whereas in organisms that have sexes,
typicaly half of the genes come from each parent.

* Insexua reproduction, asingle specialized cell from a
female merges with a specialized cell from amale. Asthe
fertilized egg, carrying genetic information from each
parent, multiplies to form the compl ete organism with about
atrillion cells, the same genetic information is copied in
each cell.

* New varieties of cultivated plantsand domestic animals
have resulted from selective breeding for particular traits.

The study of life developing from eggs and seed ova beginin
DASH K where insect metamorphosis and plant growth are
observed. Continuing observation is made of plants and insects
throughout DASH. Devel oping embryos of frogs and fish are
added in DASH 1-3. In DASH 4 development of the chick
embryo is followed. Human reproduction is afocus of DASH 5.
DASH 6 continues developmental studies centering on the
problems of teen-age pregnancy.

FAST 1, The Loca Environment—E Unit 1, Plant Growth; E
Unit 3, Animal Care; E Unit 4, Field Ecology; FAST 2, Matter &
Energy in the Biosphere—RS Unit 1, Productivity Project; FAST
3, Change over Time—Unit 4, Life on Earth; Unit 6, Changing
Ecosystems.

5C. Célls

» All living things are composed of cells, from just oneto
many millions, whose details usually are visible only
through a microscope. Different body tissues and organs are
made up of two different kinds of cells. The cellsin similar
tissues and organsin other animals are similar to thosein
human beings but differ somewhat from cells found in
plants.

»  Cellscontinualy divide to make more cells for growth and
repair. Various organs and tissues function to serve the
needs of cellsfor food, air, and waste removal.

*  Within cells, many of the basic functions of
organisms—such as extracting energy from food and getting
rid of waste—are carried out. The way inwhich cells
functionis similar in al living organisms.

e About two thirds of the weight of cellsis accounted for by
water, which gives cells many of their properties.

Cellsareatopic of inquiry in DASH 5. Single cell organisms are
observed with student constructed microscopes. Tissues are
studied at the same time and organs are defined as body
structures made of different tissues. Both animal and plant cells
are studied along with the reproductive, energy producing, repair
and growth, and nutrient reliance and waste producing
requirements of cells. Thisinformational base isreinforced in
DASH 6 in studies of single-celled disease organisms, nutrition,
aquaculture, and hydroponics. Water, protein, carbohydrate,
mineral, fat, and vitamin components of cells are investigated.
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5D. Interdependence of Life
In all environments—freshwater, marine, forest, desert,
grassland, mountain, and others—organisms with similar
needs may compete with one another for resources,
including food, space, water, air and shelter. In any
particular environment, the growth and survival of
organisms depend on the physical conditions.

»  Two types of organisms may interact with one another in
several ways: They may be in a producer/consumer,
predator/prey, or parasite/host relationship. Or one
organism may scavenge or decompose another.
Relationships may be competitive or mutually beneficial.
Some species have become so adapted to each other that
neither could survive without the other.

FAST 1, The Local Environment—E Unit 4, Field Ecology;
FAST 2, Matter & Energy in the Biosphere

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 5,
Continental Drift; Unit 6, Changing Ecosystems; Unit 7, Humans
in the Environment.

FAST 1, The Loca Environment

FAST 2, Matter & Energy in the Biosphere

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 5,
Continental Drift; Unit 6, Changing Ecosystems.

The focus of DASH 6 is on monocultures that can be used for
food. The students are asked to draw upon their previous
experience with field studies of plants and animalsin the field
(DASH K-5) to determine how decisions about the terriforming
of Marswill be made.

A six year study of decomposition and human competition with
decomposersis completed in DASH 6 as are studies of disease
organism that prey upon humans. Food chains and food webs
present in aquaculture systems are related to like competitive
interactions in natural environments.

5E. Flow of Matter and Energy

»  Food provides the fuel and the building material for all
organisms. Plants use the energy from light to make sugars
from carbon dioxide and water. Thisfood can be used
immediately or stored for later use. Organisms that eat
plants break down the plant structures to produce the
materials and energy they need to survive. Then they are
consumed by other organisms.

*  Over along time, matter is transformed from one organism
to another repeatedly and between organisms and their
physical environment. Asin all material systems, the total
amount of matter remains constant, even though its form and
location change.

e Energy can change from one form to another in living
things. Animals get energy from oxidizing their food,
releasing some of its energy as heat. Almost all food energy
comes originally from sunlight.

FAST 2, Matter & Energy in the Biosphere

FAST 2, Matter & Energy in the Biosphere

FAST 2, Matter & Energy in the Biosphere
FAST 3, Change over Time

DASH 6 continues the study of food and its function in the body
begunin DASH K and expanded in each successive year. In
DASH 6 the emphasisis on the nutritional needs of both the
whole organism and the cell. The function of digestion and
respiration are reinforced.

Food along with oxygen is seen as being transformed through
respiration and digestion into the gases, carbon dioxide and
water vapor, and liquids and solid wastes. The reciprocal
function of the plant photosynthesis and animal respiration are
investigated. Food chains and webs are constructed.
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5F. Evolution of Life

Small differences between parents and offspring can
accumul ate (through selective breeding) in successive
generations so that descendants are very different from their
ancestors.

Individual organisms with certain traits are more likely than
othersto survive and have offspring. Changesin
environmental conditions can affect the survival of
individual organisms and entire species.

Many thousands of layers of sedimentary rock provide
evidence for the long history of the earth and for the long
history of changing life forms whose remains are found in
therocks. More recently deposited rock layers are more
likely to contain fossils resembling existing species.

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 5,
Continental Drift; Unit 6, Changing Ecosystems.

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 5,
Continental Drift; Unit 6, Changing Ecosystems.

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 5,
Continental Drift; Unit 6, Changing Ecosystems.

6. The Human Organism

6A. Human | dentity

Like other animals, human beings have body systems for
obtaining and providing energy, defense, reproduction, and
the coordination of body functions.

Human beings have many similarities and differences. The
similarities make it possible for human beings to reproduce
and to donate blood and organs to one another throughout
theworld. Their differences enable them to create diverse
social and cultural arrangements and to solve problemsin a
variety of ways.

Fossil evidenceis consistent with the idea that human beings
evolved from earlier species.

Specialized rules of individuals within other species are
genetically programmed, whereas human beings are able to
invent and modify awide range of social behavior.

Human beings use technology to match or excel many of the
abilities of other species. Technology has helped people
with disabilities survive and live more conventional lives.
Technologies having to do with food production, sanitation,
and disease prevention have dramatically changed how
people live and work and have resulted in rapid increases in
the human popul ation.

FAST 1, The Local Environment
FAST 3, Change over Time.

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 6,
Changing Ecosystems; Unit 7, Humans in the Environment.

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 5,
Continental Drift; Unit 6, Changing Ecosystems.

FAST 1, The Local Environment

FAST 2, Matter & Energy in the Biosphere

FAST 3, Change over Time

FAST 1, The Local Environment—RS Unit 1, Air Pollution; RS
Unit 2, Water Resource Management; FAST 2, Matter & Energy
in the Biosphere—RS Unit 2, World Food Production; FAST 3,
Change over Time—Unit 4, Life on Earth; Unit 7, Humansin the
Environment.

Human organ and organ system studies begin in DASH K and
progress through DASH 6 with the incremental devel opment of
models of internal organ systems. The commonalty, operation,
and function of these systemsis a central theme.

DASH students have live animals in their classroom each year
and are systematically called upon to contrast the behavior of
these animal s with human behavior. Fish and worms are the
primary animals of study in DASH 6.
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6.A. Human Heredity (continued)

DASH students are engaged throughout the seven years of the
program in enhancing the quality of social interaction in their
classroom and school community. Thisisan inventive, problem
solving process which creates a sense of the positive potential for
the larger community about them. They are regularly called upon
to find anal ogs of this classroom experience in the wider society.
In DASH 6 acompact is drawn up to guide their interpersonal
behavior as students prepare for a Martian Mission.

Therole of technology to enhance physical capacities and
opportunitiesis given specia attention in DASH 6 where the
survival of astronauts on Mars will depend on the machinery and
techniques of technology. Again the students are caused to
reflect on how this same technology can possibly improve our
human condition on Earth.

Problems of resources are inherent in the projected terrification
of Mars, asis consideration of how many people the planet can
support at any one time.

6B. Human Development

»  Fertilization occurs when the sperm cells from amale's
testes are deposited near an egg cell from the female ovary,
and one of the sperm cells enters the egg cell. Most of the
time, by chance or design, a sperm never arrives or an egg
isn't available.

»  Contraception measures may incapacitate sperm, block their
way to the egg, prevent the release of eggs, or prevent the
fertilized egg from implanting successfully.

* Following fertilization, cell division produces a small cluster
of cellsthat then differentiate by appearance and function to
form the basic tissues of an embryo. During thefirst three
months of pregnancy, organs begin to form. During the
second three months, all organs and body features develop.
During the last three months, the organs and features mature
enough to function well after birth. Patterns of human
development are similar to those of other vertebrates. The
developing embryo—and later the newborn
infant—encounters many risks from faultsin its genes, its
mother's inadequate diet, her cigarette smoking or use of
alcohol or other drugs, or from infection. Inadequate child
care may lead to lower physical and mental ability.

e Various body changes occur as adults age. Muscles and
joints become less flexible, bones and muscles lose mass,
energy levels diminish, and the senses become less acute.
Women stop rel easing eggs and hence can no longer
reproduce. The length and quality of human life are
influenced by many factors, including sanitation, diet,
medical care, sex, genes, environmental conditions, and
personal health behaviors.

The theme of human reproduction is developed in DASH 5,
though some schools postpone using the topics until grade 6.
Normally DASH 6 builds on this base with consideration of
teen-aged pregnancy. Always the messageis clear that
abstinence isthe only sure way of preventing unwanted
pregnancy and sexually transmitted diseases.

In DASH 6, diet and maternal care are carefully followed.
Problems associated with low birth weights and prematurity are
investigated along with the effects of alcohol, drugs, and STD.

Animal development cyclesincluding human are followed from
birth to death. Emphasisis placed on optimum health and how
this can best be achieved.

FAST Human Biology Supplement (optional)
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6C.

Basic Functions

Organs and organ systems are composed of cellsand help to
provide all cells with basic needs.

For the body to use fuel for energy and building materials,
the food must first be digested into molecules that are
absorbed and transported to cells.

To burn food for the release of energy stored in it, oxygen
must be supplied to cells, and carbon dioxide removed.
Lungs take in oxygen for the combustion of food and they
eliminate the carbon dioxide produced. The urinary system
disposes of dissolved water molecules, the internal tract
removes solid wastes, and the skin and lungs rid the body of
heat energy. The circulatory system movesall these
substances to or from cells where they are needed or
produced, responding to changing demands.

Specialized cells and the molecules they produce identify
and destroy microbes that get inside the body.

Hormones are chemicals from glands that affect other body
parts. They areinvolved in helping the body respond to
danger and in regulating human growth, devel opment, and
reproduction.

Interactions among the senses, nerves, and brain make
possible the learning that enables human beings to cope with
changesin their environment.

DASH 6 studies food and its function in the body. Emphasisis
on the nutritional needs of the whole organism as well asthe cell.
The function of digestion and respiration are reinforced.

Food along with oxygen are seen as being transformed through
respiration into the gases, carbon dioxide, and water vapor. Food
isdigested in the intestine and undigested materialsis passed out
of the system as feces. Urea and other materials that are
detoxified in the liver are passed out of the system as urine
through the urethra. Excess heat is removed through the breath
and skin.

Common, viral, bacterial, mold, and animal parasitic disease are
investigated. Emphasisis on prevention, treatment, and long
term health implications. Natural disease fighting mechanisms,
chemical and cellular are included, as well as therapeutic
methods of treatment. The hormonal systemis discussed in
regards to growth development and emotional states.

Sensory organs and ways of enhancing sense reception through
technology are studied. Optical devices, sound amplifiers, heat
Sensors, pressure measurement devices are made and operated.

FAST Human Biology Supplement (optional)

6D.

Learning

Some animal species are limited to arepertoire of
genetically determined behaviors; others have more complex
brains and can learn awide variety of behaviors. All
behavior is affected by both inheritance and experience.
Thelevel of skill aperson can reach in any particular level
of activity depends on innate abilities, the amount of
practice, and the use of appropriate learning technologies.
Human beings can detect a tremendous range of visual and
olfactory stimuli. The strongest stimulus they can tolerate
may be more than atrillion times as intense as the weakest
they can detect. Still, there are many kinds of signalsin the
world that people cannot detect directly.

Attending closely to any oneinput of information usually
reduces the ability to attend at the same time.

Learning often results from two perceptions or actions
occurring at about the same time. The more often the same
combination occurs, the stronger the mental connection
between them is likely to be. Occasionally asingle vivid
experience will connect two things permanently in people's
minds.

Language and tools enable human beings to learn
complicated and varied things from others.

One entire cluster of DASH activitiesis devoted to learning.
Students are engaged in intergenerational studies of younger
students, observing and training of animals, and monitor their
own learning. All levels of DASH are designed to make students
acutely aware of how they asindividuals learn and how others
learn.

On analysis, learning is seen to be enhanced by practice,
attention, interest, and involvement. Students keep a personal log
of their learning objectives and regularly rate themselves on how
well they are achieving those objectives. Kinesthetic, visual-
spatial, linguistic, mathematical modes of learning are all
accommodated in the activities as well as interpersona and
intrapersonal contexts of learning.

DASH at al levels uses arange of unique learning aids. These
include the Learning Calendar (a daily log of data collected and
summaries of things learned), the Student Record Book (the
student’s own record of research and observation), the Working
Dictionary (a history of the class' s devel oping definitions of
concepts), the Wonder and Discover Book (alog of questions
that students find answers for), the Alcohol, Tobacco, Drugs, and
STD Scrapbooks (collections of newspaper, and magazine
articles on these crucial topics of study).
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6E. Physical Health

»  Theamount of food energy (calories) a person requires
varies with body weight, age, sex, activity level, and natural
body efficiency. Regular exercise isimportant to maintain a
healthy heart/lung system, good muscle tone, and bone
strength.

e Toxic carbons, some dietary habits, and personal behavior
may be bad for one's health. Some effects show up right
away, others may not show up for many years. Avoiding
toxic substances, such as tobacco, and changing dietary
habits to reduce the intake of such things as animal fat
increases the chances of living longer.

*  Viruses, bacteria, fungi, and parasites may infect the human
body and interfere with normal body functions. A person
can catch a cold many times because there are many
varieties of cold viruses that cause similar symptoms.

*  White blood cells engulf invaders or produce antibodies that
attack them or mark them for killing by other white cells.
The antibodies produced will remain and can fight off
subsequent invaders of the same kind.

*  Theenvironment may contain dangerous levels of
substances that are harmful to human beings. Therefore, the
good health of individuals requires monitoring the soil, air,
and water taking steps to keep them safe.

FAST 2, Matter & Energy in the Biosphere—E Unit 1, Primary
Production; E Unit 2, Respiration.

DASH 6 investigates the caloric content of foods and has
students devise diets to meet their personal age, sex, weight, and
exercise patterns. Nutritional needs of developing teenagers are
emphasized, with attention to the role of different nutrientsin
their body growth and regulation. Special attention is given to
pregnant teenagers.

Drugs, alcohoal, tobacco, and environmental toxins are
investigated. Again the Mars adventure is used as a vehicle to
deal with ideal conditions.

Common, viral, bacterial, mold, and animal parasitic disease are
investigated. Emphasisis on prevention, treatment, and long
term health implications. Natural disease fighting mechanisms,
such as antibodies, antitoxins, and white cells are included, as
well asimmunity due to natural infection and therapeutic
methods such as vaccination, use of toxoids, antibiotics, and so
forth.

The Martian simulation keeps the students aware of the dangers
of air, water, and soil contamination.

FAST 1, The Local Environment—RS Unit 1, Air Pollution; RS
Unit 2, Water Resource Management.

6F. Mental Health

e Individuasdiffer greatly in their ability to cope with
stressful situations. Both external and internal conditions
(chemistry, personal history, values) influence how people
behave.

»  Often people react to menta distress by denying that they
have any problem. Sometimes they don't know why they
feel the way they do, but with help they can sometimes
uncover the reasons.

DASH 6 with its focus of aMars mission is able to consider the
problems of mental health in a personal way as students work
with each other and in an abstract way as the students set out the
characteristics of ideal persona qualities needed for space travel
and ultimately colonization of Mars.
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7. Human Society

7A. Cultural Effects on Behavior

»  Each culture has distinctive patterns of behavior, usually
practiced by most of the people who grew up iniit.

*  Within alarge society, there may be many groups, with
distinctly different subcultures associated with region, ethnic
origin, or social class.

e Although within any society thereis usually broad general
agreement on what behavior is unacceptable, the standards
used to judge behavior vary for different settings and
different subgroups, and they may change with time and
different political and economic conditions. Moreover, the
punishments vary widely among, and even within different
societies.

»  Technology, especialy in transportation and
communication, isincreasingly important in spreading ideas,
values, and behavior patterns within a society and among
different societies. New technology can change cultural
values and socia behavior.

FAST 3, Change over Time—Unit 7, Humansin the
Environment.

FAST 3, Change over Time—Unit 6, Changing Ecosystems;
Unit 7, Humans in the Environment.

As part of its mental health component DASH at all levels has
the students confront the differencesin cultural and ethnic
background as well as gender as these make a difference in the
way they work together. When difficulties arise possible
accommodations are discussed and made through consensus.
Again the Martian simulation gives anatural forum for open
consideration of all these issues.

Students and teachers are encouraged to create a classroom
community that is basically supportive, forgiving, and non-
punitive. Issues of law and punishments are inherent in
discussion of drugs and thisis especially brought out in articles
collected for the Drug and Alcohol Scrapbooks.

The use of computer and telecommunication technology in the
classroom provide for many students a window on the ongoing
social change ushered in by this technology. This theme of social
change created by technology is followed in the Martian
Simulation.

7B. Group Behavior

»  Affiliation with agroup can increase the power of members
through pooled resources and concerted action. Joining a
group often has personal advantages, such as
companionship, a sense of identity, and recognition by
othersinside and outside the group. Group identity may
create afeeling of superiority, which increases group
cohesion but may also entail hostility toward other groups.

»  People sometimes react to all members of a group as though
they were the same and perceivein their behavior only those
qualitiesthat fit preconceptions of the group. Such
stereotyping leads to uncritical judgments, such as showing
blind respect for members of some groups and equally blind
disrespect for some members of other groups.

DASH 6 uses the classroom and school as alab, a microcosm of
the real world. In the classroom the students consciously
experience the dynamics of individual work, whole class, group-
group, and individual-group interaction. The practical needs of
science and technology are related to the work configurations as
well as the affective dimensions of these work configurations.

As part of the DASH 6 mental health theme studentsin
preparation for their Martian experience create codes of conduct
to cover interpersonal interaction. In DASH 6 the teacher is
encouraged to play ateam role of senior researcher and as such
become a non-authoritarian. searcher for knowledge along with
students.

7C. Social Change

*  Some aspects of family and community life are the same
now as they were a generation ago, but some aspects are
very different. What istaught in school and school policies
toward student behavior have changed over the yearsin
response to family and community pressures.

» By theway they depict the ideas and customs of one culture,
communications media may stimulate changes in others.

e Migration, conquest, and natural disasters have been major
factorsin causing socia and cultural change.

FAST 3, Change over Time—Unit 7, Humansin the
Environment.

DASH 6 students are often asked to compare their present school
and community experience with that of their parents, relatives
and others.

As part of the science and society theme DASH 6 students keep

and regularly review news records of natural disaster, epidemics,
environmental degradation, and consequent human political and

social reaction.
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7D. Social Trade-Offs

» Therearetrade-offs that each person must consider in
making choices—about personal popularity, health, family
relations, and education, for example—that often have life-
long consequences.

e Onecommon aspect of al socia trade-offs pits personal
benefit and the rights of the individual, on one side, against
the social good and the rights of society, on the other.

» Trade-offsare not aways between desirable possibilities.
Sometimes social and personal trade-offs require accepting
an unwanted outcome to avoid some other unwanted one.

DASH 6 offers a series of topics on health which consider trade-
offs between of ephemeral pleasures and regimens of exercise,
good diet, school studies, and resistance to the temptations of
drugs, alcohol, tobacco, and sex.

In aseries of short, reflective social issues novels students are
given avicarious experience in choice and consequence as
characters are confronted by temptation and threatening
situations. Included are consideration of friendship, popularity,
and fear; AIDS, and other STDs; violence and ways of dealing
with it; alcohol and tobacco and parental control.

7E. Palitical and Economic Systems

»  Government provides some goods and services through its
own agencies and some through contracts with private
individuals or businesses. To pay for the goods and
services, government must obtain money by taxing people
or by borrowing the money.

»  Government leaders come into power by election,
appointment, or force.

» However they are formed, governments usually have most
of the power to make, interpret, and enforce the rules and
decisions that determine how a community, state, or nation
will berun. Many of the rules established by governments
are designed to reduce social conflict. The rules affect a
wide range of human affairs, from marriage and education to
scientific research and commerce.

* Inacentral-planning model, a single authority, usualy a
national government, decides what to produce, how to
produce it, and for whom. In afree-market model,
consumers and producers (individually or in organizations)
make these decisions based on what they believe will benefit
themselves. No real-world economy is a pure example of
either model; all economies have some features of each
kind.

FAST 2, Matter & Energy in the Biosphere—RS Unit 2, World
Food Production; FAST 3, Change over Time—Unit 7, Humans
in the Environment.

Current events are part of the Science, Technology, and Society
theme. DASH students in their perusal of the news cannot escape
the role of government in controlling the scope and targets of
science and technology, particularly through the power of grants
and regulation. Nor can they escape the regulatory power of
government over their persona livesin everything from nutrition
and health related services to environmental quality. Also
inescapable is the elective process of the persons who make our
laws because the debate on their qualifications often centers on
STSissues.

The DASH 6 alcohal, tobacco, and drug theme underlines the
role of government in attempting to serve the common good of
the people through regulation of potentially injurious substances.

To the degree that trade and central government support of
industry are part of the newsit islikely to bereflected in a
DASH 6 class.

7F. Social Conflict

e Being amember of agroup can increase an individua's
social power or hostile actions against other individuals. It
may &l so subject that person to the hostility of people who
are outside the group.

*  Most groups have formal or informal procedures for
arbitrating disputes among their members.

In the microcosm of the DASH classroom where students move
back and forth between individual and group effort, the nature of
exclusion, churlishness, followership, leadership, authority, and
power are tasted and scrutinized. Further, individuals and groups
have the opportunity to devise ways of solving interpersonal
problems. These conflict resolution processes are themselves
reflected upon and outside of school analogs are searched for.

FAST 3, Change over Time—Unit 7, Humansin the
Environment.

1/96 23

FAST and DASH 6 AAAS Benchmark Analysis




7G. Global Interdependence

*  Trade between nations occurs when natural resources are
unevenly distributed and the costs of production are very
different in different countries. A nation has atrade
opportunity whenever it can create more of a product or
service at lower cost than another.

*  The maor waysto promote economic health areto
encourage technological development, to increase the
guantity or quality of a nation's productive resources—more
or better-trained worker's, better equipment and
methods—and to engage in trade with other nations.

e The purpose of treaties being negotiated directly between
individual countries or by international organizationsisto
bring about cooperation among countries.

»  Scientists are linked to other scientists worldwide both
personally and through international scientific organizations.

* Thegloba environment is affected by national policiesand
practices relating to energy use, waste disposal, ecological
management, manufacturing, and popul ation.

FAST 2, Matter & Energy in the Biosphere—RS Unit 2, World
Food Production; FAST 3, Change over Time—Unit 7, Humans
in the Environment.

FAST 2, Matter & Energy in the Biosphere—RS Unit 2, World
Food Production.

FAST 1, The Local Environment
FAST 2, Matter & Energy in the Biosphere
FAST 3, Change over Time

Again as part of the Science and Society Theme DASH students
are exposed in their search of current events to the pressures put
on our industry and technology by foreign competition. Not lost
is the constant referral to the importance of an educated society
in competition with other educated societies.

Theinternational nature of science and technology becomes
apparent as DASH 6 students review current events dealing with
NASA and the international space station, the high energy
research at CERN, global mobilization to fight pollution. in such
places as Kuwait and Siberia, and the cooperative efforts to stem
the ravages of famine and epidemics such as Ebolaand AIDS.

8. The Designed World

8A. Agriculture

*  Early in human history, there was an agricultural revolution
in which people changed from hunting and gathering to
farming. Thisallowed changesin the division of labor
between men and women and between children and adults,
and the development of new patterns of government.

»  People control the characteristics of plants and animals they
raise by selective breeding and by preserving varieties of
seeds (old and new) to useif growing conditions change.

* Inagriculture, asin al technologies, there are always trade
offsto be made. Getting food from many different places
makes peopl e less dependent on weather in any one place,
yet more dependent on transportation and communication
among far-flung markets. Specializing in one crop may risk
disaster if changesin weather or increase in populations
wipe out that crop. Also, the soil may be exhausted of some
nutrients, which can be replenished by rotating the right
crops.

»  Many people work to bring food, fiber, and fuel to US
markets. With improved technology, only asmall fraction
of workersin the United States actually plant and harvest the
produce that people use. Most workers are engaged in
processing, packaging, transporting, and selling what is
produced.

FAST 3, Change over Time—Unit 7, Humansin the
Environment.

FAST 1, The Local Environment—E Unit 1, Plant Growth; E
Unit 3, Animal Care; FAST 2, Matter & Energy in the
Biosphere—RS Unit 1, Productivity Project; RS Unit 2, World
Food Production; Change over Time—Unit 4, Life on Earth;
Unit 7, Humans in the Environment.

FAST 3, Change over Time—Unit 7, Humansin the
Environment

The DASH agriculture theme is explored each year. In DASH 6
the emphasis is on mono-cultures used in hydroponics, and
aquaculture as they might be applied in Martian terrification.
Considered isthe logic which calls for avariety of plants and
animals as the food sources on Mars.
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8.A. Agriculture (continued)

Technologies of agricultural production, harvesting, storing,
processing, distributing, marketing, and food preparation are
studied in DASH K—6. In DASH 6 the emphasisis on
aquaculture and hydroponics and on harvesting, and food
preparation from such systems. DASH 4 concentrates on
agricultural and hunting practices of indigenous people.

In DASH 6 the students invent ways of overcoming systems
level die-off from population and other factors. By using
designed and controlled systems students get an analytical
insight into how environmental factors of soil nutrients, light, air,
and temperature affect plants and animals. As a capstone activity
this gives students away of organizing their previous
experiences of the multiple technologies of agriculture.

8B. Material and Manufacturing

»  The choice of materials for ajob depends on their properties
and on how they interact with other materials. Similarly, the
usefulness of some manufactured parts of an object depends
on how well they fit together with the other parts.

*  Manufacturing usually involves a series of steps, such as
designing a product, obtaining and preparing raw materials,
processing the materials mechanically or chemically, and
assembling, testing, inspecting, and packaging. The
sequence of these steps is also often important.

»  Modern technology reduces manufacturing costs, produces
more uniform products, and creates new synthetic materials
that can help reduce the depletion of some natural resources.

* Automation, including the use of rabots, has changed the
nature of work on most fields, including manufacturing. As
aresult, high skill, high-knowledge jobs in engineering,
computer programming, quality control, supervision, and
maintenance are replacing many routine, manual-labor jobs.
Workers therefore need better learning skills and flexibility
to take on new and rapidly changing jobs.

FAST 1, The Local Environment—Submarine Project; Weather
Balloon Project; Solar Heating Project; Field Mapping; FAST 2,
Matter & Energy in the Biosphere—Solar Constant Project; A
Model of Heat; FAST 3, Change over Time—Energy
Conversion Project; Organism Design Project.

FAST 3, Change over Time—Unit 7, Humansin the
Environment.

DASH student are constantly working at the manufacturing of
the tools and other items needed in their investigations and
projects. In DASH 6 measurement instruments, habitats,
aquaculture and hydroponics systems, communication devices,
motors, batteries, metal recovery systems are invented, designed,
manufactured, tested, modified, and used by students.
Techniques ranging from ways to control of sunlight, of scaling
instruments, to interpersonal conflict management are invented
and used.

Because of the emphasis on making students know first hand the
limits placed on systems by materials and the fit of parts and thus
recognize the stages of invention, design, production, testing,

and modification.

Conservation is another theme of DASH and students are made
aware that many resources are non-renewable such as metals, oil,
and coal while others are renewable. They are also aware that
use of synthetics reduces pressures on non-renewabl e resources.
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BC Energy Sourcesand Use
Energy can change from one form to another, although in
the process some energy is always converted to heat. Some
systems transform energy with lessloss of heat than others.

» Different ways of abtaining, transforming, and distributing
energy have different environmental consequences.

* Inmany instances, manufacturing and other technological
activities are performed at a site close to an energy source.
Some forms of energy are transported easily, others are not.

» Electrical energy can be produced from avariety of energy
sources and can be transformed into almost any other form
of energy. Moreover, electricity is used to distribute energy
quickly and conveniently to distant locations.

*  Energy from the sun (and the wind and water energy derived
from it) isavailable indefinitely. Because the flow of
energy isweak and variable, very large collection systems
are needed. Other sources don't renew or renew only
slowly.

» Different parts of the world have different amounts and
kinds of energy resources to use and use them for different
purposes.

FAST 1, The Local Environment—PS Unit 3, Temperature and
Heat; FAST 2, Matter & Energy in the Biosphere; FAST 3,
Change over Time.

FAST 3, Change over Time—Unit 7, Humansin the
Environment.

FAST 3, Change over Time—Unit 1, Force, Work, & Energy;
Unit 7, Humans in the Environment.

FAST 2, Matter & Energy in the Biosphere; FAST 3, Change
over Time.

FAST 2, Matter & Energy in the Biosphere; FAST 3, Change
over Time.

DASH 6 continues the study of energy and its transformation
begunin DASH K. DASH 6 emphasizes the transformation of
solar energy into wind energy, energy of expansion, heat energy,
and chemical energy in photosynthesis; chemical energy into
heat, light, and electrical energy; electricity into mechanical,
light, radio, sound, magnetic, and heat energy; and heat energy
into motion and light. Students engage in the transportation of
chemical, electromagnetic, and electrical energy.

The constant renewal of solar energy is observed and methods
are invented for its concentration.

8D. Communications

»  Errorsin coding, transmitting, or decoding information, and
some means of checking for accuracy is needed. Repeating
the message is a frequently used method.

e Information can be carried by many media, including sound,
light, and objects. In this century, the ability to code
information as electric currents in wires, electromagnetic
waves in space, and light in glass fibers has made
communication millions of times faster than is possible by

FAST 3, Change over Time—Unit 3, The Changing Universe.

In DASH 6 students invent their own emergency light, electrical,
and radio communication systems and a code necessary to
transmit information. They become intimately aware of
confusion over messages and employ, repetition, and measured
delivery pacing as means for clarification. In looking to
industrial analogs they explore modern communication with

mail or sound. electromagnetic, wire, fiber optics, and other mechanisms as well
as terminal options of phones, computers, TV's, radio receivers,
etc.
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8E. Information Processing

*  Most computers use digital codes containing only two
symbols, 0 and 1, to perform al operations. Continuous
signals (analog) must be transformed into digital codes
before they can be processed by a computer.

e What use can be made of alarge collection of information
depends upon how it is organized. One of the values of
computers isthat they are able, on command, to recognize
information in avariety of ways, thereby enabling people to
make more and better uses of the collection.

»  Computer control of mechanical systems can be much
quicker than human control. In situations where events
happen faster than people can react, there is little choice but
to rely on computers. Most complex systems still require
human oversight, however, to make certain kinds of
judgments about the readiness of the parts of the system
(including the computers) and the system as awholeto
operate properly, to react to unexpected failures, and to
evaluate how well the system is serving itsintended
purposes.

* Anincreasing number of people work at jobs that involve
processing or distributing information. Because computers
can do these tasks faster and more reliably, they have
become standard tools both in the workplace and at home.

DASH 6 students invent a digital base dot-dash code. DASH
teachers are introduced to the use of computers for
telecommunication with national storage banks, other teachers,
and the DASH Help Line in Hawaii. They are encouraged to set
up regional sharing of classroom data particularly that involved
with weather, climate, and environmental inquiries. Computer
storage and processing large databases is recommended.

In the Jobs Fair teachers are encouraged to have a goodly
representation of persons who can speak to the role of computers
in modern industry and research.

8F. Health Technology

»  Sanitation measures such as the use of sewers, landfills,
quarantines, and safe food handling are important in
controlling the spread of organisms that cause disease.
Improving sanitation to prevent disease has contributed
more to saving human life than any advance in medical
treatment.

*  Theahility to measure the level of substancein body fluids
has made it possible for physicians to make comparisons
with normal levels, make very sophisticated diagnoses, and
monitor the effects of the treatments they prescribe.

e Itishecoming increasingly possible to manufacture
chemical substances such asinsulin and hormones that are
normally found in the body. They can be used by
individuals whose own bodies cannot produce the amounts
required for good health.

FAST 1, The Local Environment—RS Unit 1, Air Pollution; RS
Unit 2, Water Resource Management;

FAST 2, Matter & Energy in the Biosphere—Chromatography;
FAST 3, Change over Time—Unit 4, Life on Earth.

FAST 3, Change over Time—Unit 4, Life on Earth.

The DASH 6 health theme widely explores infectious disease
and the steps necessary to prevent transmission and contact. The
prevalence of micro-organismsisinvestigated and ways of
reducing their ravages on humans and agriculture populations are
explored.

Environmental health hazards from air and water born toxins are
investigated and ways of cleaning-up contamination are
invented. Chemical spills, groundwater contamination,
atmospheric pollution are followed in newspaper articles.

The therapeutic use of chemicals, hormones, drugs, antitoxinsis
developed under the health theme.
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9. The Mathematical World

9A. Numbers

*  There have been systems for writing numbers other than the
Arabic system of place values based on tens. The very old
Roman numerals are now used only for dates, clock faces, or
ordering chaptersin abook. Numbers based on 60 are still
used for describing time and angles.

* A number line can be extended on the other side of zero to
represent negative numbers. Negative numbers allow
subtraction of a bigger number from a smaller number to
make sense, and are often used when something can be
measured on either side of some reference point (time,
ground level, temperature, budget).

e Numbers can be written in different forms, depending on
how they are being used. How fractions or decimals based
on measured quantities should be written depends on how
precise an answer is needed.

* Theoperations + and - are inverses of each other—one
undoes what the other does; likewise x and ~+.

* Theexpression a/b can mean different things; a parts of size
1/b each, a divided by b, or a compared to b.

*  Numbers can be represented by using sequences of only two
symbols (such as 1 and O, on and off); computers work this
way.

e Computations (as on calculators) can give more digits than
make sense or are useful.

DASH uses the Arabic and Roman numeral's; degrees, minutes,
seconds of arcs; and hours, minutes, seconds of time systems as
well as numerous measuring systems including metric, U.S.
Standard, Fahrenheit, Celsius, heat index, wind chill index,
latitude and longitude, declination and right ascension.

Number lines that include negative numbers are used and applied
to scales including temperature, time, money, declination, and
others. Students regularly use arithmetic operations, fractions
and decimals, and intuitive algebra and geometry. Use of
calculators and computer analysis of datais encouraged.

FAST 3, Change over Time—Scientific notation.

9B. Symbolic Relationships

e Anequation containing avariable may betrue for just one
value of the variable.

* Mathematical statements can be used to describe how one
guantity changes. Rates of change can be computed from
differences in magnitudes and vice versa.

*  Graphs can show avariety of possible relationships between
two variables. Asone variable increases uniformly, the
other may do one of the following: increase or decrease
steadily, increase or decrease faster and faster, get closer and
closer to some limiting value, reach some intermediate
maximum or minimum, alternately increase and decrease
indefinitely, increase or decrease in steps, or do something
different from any of these.

FAST 1, The Local Environment—density, heat, population
sampling; FAST 2, Matter & Energy in the Biosphere—heat,
chemical equations; FAST 3, Change over Time—force, work,
energy, gravitation, mechanical equivalent of heat, heat of
fusion.

FAST 1, The Loca Environment
FAST 2, Matter & Energy in the Biosphere
FAST 3, Change over Time

DASH 6 students are versed in the use of simple equations for
the determination of such things as rates, calories, and specific
gravity.

Throughout DASH graphic manipulation of datais used. By
DASH 6, students spontaneously use graphing for conversion of
different measurement scales; scaling, analysis and display of
data; and prediction and projection. Students can interpret graphs
with straight and curves lines, pie segments, and bars aswell as
graphs with multiple variables, such as wind chill and heat index
charts.
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9C. Shapes

»  Some shapes have specia properties. Triangular shapes tend
to make structures rigid, and round shapes give the least
possible boundary for a given amount of interior area.
Shapes can match exactly or have the same shapein
different sizes.

e Linescan be parallel, perpendicular, or oblique.

»  Shapeson a sphere like the earth cannot be depicted on aflat
surface without some distortion.

»  Thegraphic display of numbers may help to show patterns
such as trends, varying rates of change, gaps, or clusters.
Such patterns sometimes can be used to make predictions
about the phenomena being graphed.

* Ittakestwo numbersto locate apoint on a map or any other
flat surface. The numbers may be two perpendicular
distances from a point, or an angle and a distance from a
point.

e The scale chosen for agraph or drawing makes a big
difference in how useful itis.

Intuitive geometry isintroduced in DASH 4 and expanded
yearly. By DASH 6 the students are using geometric principals
to determine distance, divide lines into equal segments, scaling,
determining latitude and navigation in space. They use both the
terms and the operations for determining distance, radius,
diameter, circumference, area, right angle, obtuse angle, degrees
of arc, paralld lines, congruent and similar triangles, sum of
anglesin atriangle. Projections of rectangular solids, cubes,
circles, and cylinders are used extensively in explanations.

Because DASH students regularly use graphic techniques they
are aware of the graph’s capacity to provide evidences of
patterns, gaps in measurement and experimental error.

DASH students are aware that the scale used in graphing must be
fine enough or coarse enough to show desired interrelation; that
graphs are arrays of intersecting points dictated by dependent
and independent variables. They explore the parallel between
Cartesian graphs, and maps of the globe and universe.

FAST 1, The Local Environment
FAST 2, Matter & Energy in the Biosphere
FAST 3, Change over Time

9D. Uncertainty

*  How probability is estimated depends on what is known
about the situation. Estimates can be based on data from
similar conditionsin the past or on the assumption that all
the possibilities are known.

»  Probabilities are ratios and can be expressed as fractions,
percentages, or odds.

»  The mean, median, and mode tell different things about the
middle of adata set.

»  Comparison of datafrom two groups should involve
comparing both their middles and the spreads around them.

» Thelarger awell-chosen sampleis, the more accurately it is
likely to represent the whole. But there are many ways of
choosing a sample that can make it unrepresentative of the
whole.

»  Eventscan be described in terms of being more or less
likely, impossible, or certain.

FAST 1, The Local Environment; FAST 2, Matter & Energy in
the Biosphere; FAST 3, Change over Time—uncertainty in
measurement, estimation of measurements.

FAST 1, The Local Environment—density, humidity, population
sampling; FAST 2, Matter & Energy in the Biosphere—RS Unit
1, Productivity Project; FAST 3, Change over Time.

From the beginning DASH students are making estimates and
guantitative predictions. Through introspection they are made
aware of the factors that they consider in these processes.

Averaging is done both graphically and numerically. Mean is
usually found graphically. These two ideas emerge in both
survey dataand in biological investigations.

Students are caused to reflect on factors leading to bias of
samplesin surveys and the advantage of randomness and large
sample size. In biological research they consider sample size, the
number of variables, and number of replications and how these
bear on the improvement of certainty.
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9E. Reasoning

*  Some aspects of reasoning have fairly rigid rules for what
makes sense; other aspects don't. If people have rules that
always hold, and good information about a particular
situation, then logic can help them to figure out what is true
about it. Thiskind of reasoning requires care in the use of
key words such asif, and, not, or, all , and some. Reasoning
by similarities can suggest ideas but can't prove them one
way or the other.

»  Practical reasoning, such as diagnosing or troubleshooting
almost anything, may require many-step, branching logic.
Because computers can keep track of complicated logic, as
well asalot of information, they are useful in alot of
problem-solving situations.

»  Sometimes people invent ageneral rule to explain how
something works by summarizing observations. But people
tend to over generalize, imagining general rules on the basis
of only afew observations.

e People are using incorrect logic when they make a statement
such as"If A istrue, then B istrue; but A isn't true, therefore
B isn't true either."

* A single example can never prove that something is true, but
sometimes a single example can prove that something is not
true.

e Ananalogy has some likenesses to but also some differences
from the real thing.

DASH 6 students rely on replication of experimental resultsin
their own investigations and those of their classmates. Anomalies
are central to the DASH instructional system since anomalies
challenge existing ideas, interpretations, and generalizations and
force students to carefully examine their current knowledge.
Anaogies, smilarities, and differences are used throughout
DASH.

Throughout all three coursesin FAST students are constantly
engaged in reasoning. They analyze the data from their
investigations for patterns and relationships and then use this
information to create generalizations and explanations.
Explanations in FAST asin science are always tentative and
subject to change with new data or new interpretations of old
data. In FAST students are engaged in a search for universal
explanations which can account for the greatest number of
observed phenomena.

Students are also engaged in reasoning as they design and carry
out their individual and group experiments. Valid experimental
designs take time to reason out to be better assured that the
interpretation of resultsis adequately based on evidence.

Students are engaged in inventing their own instruments and
creating technology projects such as the submarine (FAST 1),
the solar constant measuring device (FAST 2), and the astrolabe
and sunscope (FAST 3). The test of the adequacy of these
inventions is whether they work for the purpose intended. If not,
students must apply reasoning skills to adjust, adapt, and
improve on their original designs.

n their search for universal explanations, FAST studentsrely on
replication of experimental results in their own investigations
and those of their classmates. Introduction and identification of
anomaliesis central to the FAST instructional system since such
anomalies challenge existing ideas, interpretations, and
generalizations and force students to carefully examine their
current knowledge.

Analogies are used throughout FAST investigations. Identifying
similarities and differences and creating modelsis often
enhanced by the use of analogy. Thisis particularly evident in
FAST 1 and 2 in the search for amodel of heat.
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10. Historical Per spectives

10A. Displacing the Earth from the Center of the Universe

»  Themotion of an object is always judged with respect to
some other object or point and so the idea of absolute
motion or rest is misleading.

*  Telescopes reveal that there are many more stars in the night
sky than are evident to the unaided eye, the surface of the
moon has many craters and mountains, the sun has dark
spots, and Jupiter and some other planets have their own
moons.

FAST 3, Change over Time—Unit 3, The Changing Universe.

FAST 3, Change over Time—Unit 3, The Changing Universe.

Starting in DASH K students are introduced to the observable
sky. Theintuitive model of Earth-centered celestial motionis
experienced and then challenged in DASH 5 once students have
made telescopes to observed and map the moon. Their intuitive
Ptolemaic-like model is found inadequate to explain a series of
anomalies which can be explained using a Copernican Sun
centered model. In DASH 6 students use this later model as they
prepare to navigate to Mars.

10B. Uniting the Heavens and the Earth
No benchmarks for grades 6-8.

FAST 3, Change over Time—Unit 3, The Changing Universe.

10C. Rélating M atter & Energy and Time & Space
No benchmarks for grades 6-8.

FAST 3, Change over Time.

10D. Extending Time
No benchmarks for grades 6-8.

FAST 3, Change over Time

10E. Moving Continents
No benchmarks for grades 68.

FAST 3, Change over Time—Unit 5, Continental Drift
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10F. Under standing Fire

*  From the earliest times until now, people have believed that
even though millions of different kinds of material seem to
exist in the world, most things must be made up of
combinations of just afew basic kinds of things. There has
not always been agreement, however, on what those basic
kinds of things are. One theory long ago was that the basic
substances were earth, water, air, and fire. Scientists now
know that these are not the basic substances. But the old
theory seemed to explain many observations about the
world.

e Today, scientists are still working out the details of what the
basic kinds of matter are and of how they combine, or can
be made to combine, to make other substances.

*  Experimental and theoretical work done by French scientist
Antoine Lavoisier in the decade between the American and
French revolution led to the modern science of chemistry.

» Lavoiser'swork was based on the idea that when materials
react with each other many changes can take place but that
in every case the total amount of matter afterward isthe
same as before. He successfully tested the concept of
conservation of matter by conducting a series of experiments
in which he carefully measured all the substances involved
in burning, including the gases used and those given off.

» Alchemy was chiefly an effort to change base metals like
lead into gold and to produce an elixir that would enable
peopleto live forever. It failed to do that or to create much
knowledge of how substances react with each other. The
more scientific study of chemistry that began in Lavoisier's
time has gone far beyond alchemy in understanding
reactions and producing new materials.

FAST 2, Matter & Energy in the Biosphere—PS Unit 2,
Evidence for an Atomic Theory.

FAST 2, Matter & Energy in the Biosphere—PS Unit 2,
Evidence for an Atomic Theory; PS Unit 3, A Model of Matter;
FAST 3, Change over Time—Unit 4, Life on Earth.

FAST 2, Matter & Energy in the Biosphere—PS Unit 2,
Evidence for an Atomic Theory; PS Unit 3, A Model of Matter;
FAST 3, Change over Time—Unit 4, Life on Earth.

Fire and the products of combustion of organic compoundsis
introduced in DASH 4. In DASH 6, using calorimetry, the
students compare the energy content of foods. The reciprocal
cycles of respiration and photosynthesis are reduced to systems
diagrams.

A logic for conservation of matter is developed out of the closed
system of a space craft, where matter in the respiratory and
photosynthetic cyclesis confined and only light energy from the
sun comes from the outside and only heat leaves.

Students are introduced to the atom through Bernoulli’ s models
of gases. Working out of a Daltonian definition for atoms,
elements, and compounds, they are involved with applied
dimensions of chemistry. They identify elements and compounds
that will be needed in the terrification of Mars; search for
geological formations where they might be found using models
from Earth’s geology and explore ways of recovering them.
Students work with the logic of the mining and chemical
engineer.

10G. Splitting the Atom

e Theaccidental discovery that minerals containing uranium
darken photographic film, as light does, led to the idea of
radioactivity.

* Intheir laboratory in France, Marie Curie and her husband,
Pierre Curie, isolated two new elements that caused most of
the radioactivity of the uranium mineral. They named one
radium because it gave off powerful, invisible rays, and the
other polonium in honor of Madame Curie's country of birth.
Marie Curie was the first scientist ever to win the Nobel
prize in two different fields—in physics shared with her
husband, and later in chemistry.
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10H. Explaining the Diversity of Life
No benchmarks for grades 6-8.

FAST 3, Change over Time—Unit 4, Life on Earth; Unit 5,
Continental Drift; Unit 6, Changing Ecosystems.

10I. Discovering Germs

*  Throughout history, people have created explanations for
disease. Some have held spiritual causes, but the most
persistent biological theory over the centuries was that
illness resulted from an imbalance in the body fluids. The
introduction of germ theory by Louis Pasteur and othersin
the 19th century led to the modern belief that many diseases
are caused by microorganisms—bacteria, viruses, yeasts,
and parasites.

*  Pasteur wanted to find out what causes milk and wineto
spoil. He demonstrated that spoilage and fermentation occur
when microorganisms enter from the air, multiply rapidly,
and produce waste products. After showing that spoilage
could be avoided by keeping germs out or by destroying
them with heat, he investigated animal diseases and showed
that microorganisms wereinvolved. Other investigations
later showed that specific kinds of germs caused specific
diseases.

»  Pasteur found that infection by disease
organisms—germs—caused the body to build up an
immunity against subseguent infection by the same
organism. He then demonstrated that it was possible to
produce vaccines that would induce the body to build
immunity to a disease without actually causing the disease
itself.

»  Changesin health practices have resulted from the
acceptance of the germ theory of disease. Before germ
theory, illness was treated by appeals to supernatural powers
or by trying to adjust body fluids through induced vomiting,
bleeding, or purging. The modern approach emphasizes
sanitation, the safe handling of food and water, the
pasteurization of milk, quarantine, and aseptic surgical
techniques to keep germs out of the body; vaccinations to
strengthen the body's immune system against subsequent
infection by the same kind of microorganisms; and
processes to destroy microorganisms.

* Inmedicine, asin other fields of science, discoveries are
sometimes made unexpectedly, even by accident. But
knowledge and creative insight are usually required to
recoghize the meaning of the unexpected.

In DASH 6 the germ theory is devel oped as a culmination of the
disease theme. A brief history of Pasteur’ swork is given and the
students investigate where microorganisms are found and the
conditions under which infected environments can be sanitized.
They relate the pathogens to the diseases that are reported in
news articles and then focus on STDs. The thrust of the work is
to identify the nature and characteristics of common disease,
their symptoms, long term effects on humans, and mechanisms
for their prevention.

Contracting a disease with the resultant natural production of

antibodies and the therapeutic use of vaccinations, antitoxins,

antibiotics and various pharmaceutical s are studied as waysto
gain immunity from and treat diseases.
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10J. Harnessing Power

*  Until the 1800's, most manufacturing was done in homes,
using small, handmade machines that were powered by
muscle, wind, or running water. New machinery and steam
engines to drive them made it possible to replace
craftsmanship with factories, using fuels to replace human
and animal labor. In the factory system, workers, materials,
and energy could be brought together efficiently.

» Theinvention of the steam engine was at the center of the
Industrial Revolution. It converted the chemical energy
stored in coal, which was plentiful, into mechanical work.
The steam engine was invented to solve the urgent problem
of pumping water out of the coal mines. Asimproved by
James Waitt, it was soon used to move codl, drive
manufacturing machinery, and power locomotives, ships,
and even the first automabiles.

FAST 3, Change over Time—Unit 7, Humansin the
Environment.

FAST 3, Change over Time—Unit 7, Humansin the
Environment.

DASH students build many different kinds of enginesincluding
catapults, wind mills, water wheels, electric motors, and rockets.
These are used to perform various labors. Therole of enginesin
replacing human labor, their advantages in reducing tedium, their
convenience, and their capacity to do tasks beyond the ability of
humans are reflected upon.
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11. Common Themes

11A. Systems

» A system can include processes as well as things.

»  Thinking about things as systems means looking for how
every part relates to others. The output from one part of a
system (which can include material, energy, or information)
can become the input to other parts. Such feedback can
serve to control what goes on in the system as awhole.

* Any systemisusually connected to other systems, both
internally and externally. Thus a system may be thought of
as containing subsystems and as being a subsystem of a
larger system.

Systems is a common unifying theme throughout DASH and
especially in DASH 6 which makes extensive use of systems
analysis diagrams to help organize thinking and make
predictions about interactions of matter and energy. The idea of
input and outputsis well developed as isthe idea of feedback
controls.

Organ systems and the idea of the body as a grand collection of
systemsis thoroughly developed.

Systems is a common unifying theme throughout FAST 1, The
Local Environment, FAST 2, Matter & Energy in the Biosphere,
and FAST 3, Change over Time. FAST 2 and FAST 3 make
extensive use of systems analysis diagrams to help organize
thinking and make predictions about interactions of matter and
energy.

11B. Models

* Models are often used to think about processes that happen
too slowly, too quickly, or on too small ascale to observe
directly, or that are too vast to be changed deliberately, or
that are potentially dangerous.

»  Mathematical models can be displayed on a computer and
then modified to see what happens.

» Different models can be used to represent the same thing.
What kind of amodel to use and how complex it should be
depends on its purpose. The usefulness of a model may be
limited if it istoo simple or if it is needlessly complicated.
Choosing a useful model is one of the instances in which
intuition and creativity come into play in science,
mathematics, and engineering.

The concept of model is used throughout DASH in awide
variety of ways. The students create innumerable models—of the
human body, models of the universe, models of devices that they
plan to make, models of behavior, mathematical (geometric)
models of the sun’s seasonal motion These models are selected
because they exemplify the way that professionals view their bit
of the universe and because the models permit the student to
explore and use models in the multiple ways they are employed
in science and technology.

Models are compared and their value in conceptualization is
considered. Students note that models can both help and limit
their understanding, and that models should be considered
idealized representations.

The concept of model isintroduced in FAST 1, The Local
Environment in investigations of weather and the water cyclein
the ecology strand and in investigations of heat energy in
physical science. The concept is expanded in the relational study
unitson air pollution and water resource management.

Models becomes a major organizing theme of FAST 2, Matter &
Energy in the Biosphere (model of heat, model of light, model of
matter, systems analysis models of producers, consumers, and
decomposers) and FAST 3, Change over Time (model of heat,
models of Earth, cosmological models, models of stellar
evolution, models of organisms, molecular models, models of
Earth change, models of ecosystems, and models of human
interaction with ecosystems).
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11C. Constancy and Change

» Physical and biological systemstend to change until they
become stable and then remain that way unless their
surroundings change.

* A system may stay the same because nothing is happening
or because things are happening but exactly counterbalance
one another.

*  Many systems contain feedback mechanisms that serve to
keep changes within specified limits.

*  Symbolic equations can be used to summarize how the
guantity of something changes over time or in response to
other changes.

»  Symmetry (or the lack of it) may determine properties of
many objects, from molecules and crystals to organisms and
designed structures.

» Thingsthat change in cycles, such as the seasons or body
temperature, can be described by their cycle length or
frequency, what the highest and lowest values are, and when
they occur. Different cycles range from many thousands of
years down to less than a billionth of a second.

FAST 1, The Local Environment—Unit 4, Field Ecology;
FAST 2, Matter & Energy in the Biosphere—E Unit 3, The
Cycling of Matter; RS Unit 1, Productivity Project; FAST 3,
Change over Time—Unit 2, The Changing Earth; Unit 3, The
Changing Universe; Unit 4, Life on Earth; Unit 5, Continental
Drift; Unit 6, Changing Ecosystems; Unit 7, Humansin the
Environment.

FAST 2, Matter & Energy in the Biosphere—PS Unit 2,
Evidence for an Atomic Theory; E Unit 1, Primary Production.

FAST 2, Matter & Energy in the Biosphere—crystal growing;
FAST 3, Change over Time—molecular models.

FAST 1, The Local Environment—Iife cycles, water cycle;
FAST 2, Matter & Energy in the Biosphere—cycling of matter &
flow of energy; FAST 3, Change over Time—geologic cycles,
stellar life cycles, cosmological models, changing ecosystems,
biological cycles.

In DASH 6, students work again with balanced and unbal anced
forces and know that motion only occurs in the presence of the
latter. They review feedback systemsin their own body which
keep their physiology regulated and see to the satisfaction of
hunger, thirst, craving for air, sleep and elimination. They review
life cycles of organismsin which thereisabringing into being, a
period of growth, a period of stability in maturity, followed by
accelerated aging and eventual death; cyclesin the movement of
celestial bodies, seasons, diurnal variationsin light and
temperature. They represent change through systems diagrams,
descriptions, and mathematical equations.

11D. Scale

*  Properties of systems that depend on volume, such as
capacity and weight, change out of proportion to properties
that depend on area, such as strength or surface processes.

» Asthe complexity of any system increases, gaining an
understanding of it depends increasingly on summaries, such
as averages and ranges, and on descriptions of typical
examples of that system.

Throughout DASH students make representations in one scale to
represent another. Scaled drawing are used to plan numerous
structures and to approximate the size and distances separating
celestial bodies. Scaled models are constructed to test ideas.

In DASH 6 students deal with the extremes of the ultra-
microscopic dimensions of molecules, virus, and bacteria and the
ultra macroscopic dimensions of the sun, planets, the solar
system and the universe. They deal with events lasting fractions
of seconds and are introduced to events that have taken billions
of years. They know the extremes of weather that they have lived
through in the six years of their elementary education and they
know the average conditions that constitute an approximation of
their climate.

FAST 1, The Loca Environment
FAST 2, Matter & Energy in the Biosphere
FAST 3, Change over Time.
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12. Habits of Mind

12A. Values and Attitudes

Know why it isimportant in science to keep honest, clear,
and accurate records.

Know that hypotheses are valuable, even if they turn out not
to betrue, if they lead to fruitful investigations.

Know that often different explanations can be given for the
same evidence, and it is not always possible to tell which
oneis correct.

Throughout DASH honest, clear, and accurate records are
stressed and this isinsured by the public keeping and correcting
of records on the Learning Calendar.

Hypotheses, both fruitful and unfruitful are recorded by students
who recognize that what does not work has as much to say to us
as what does works.

In DASH many of the students' questions are not fully resolved.
The students find that their inquiry may not have the capacity to
differentiate between different hypotheses, or their background
may not be sufficient to grasp necessary explanation.

Asin science, such values and attitudes are developed and
established in FAST 1, The Local Environment, FAST 2, Matter
& Energy in the Biosphere, and FAST 3, Change over Time.
Students devel op their own texts out of the investigations they do
and the data they collect, analyze, interpret, and draw
conclusions from.

12B. Computation and Estimation

Find what percentage one number is of another and figure
any percentage of any number.

Usg, interpret, and compare numbers in several equivalent
forms such integers, fractions, decimals, and percents.
Calculate the circumference and areas of rectangles,
triangles, and circles and the volumes of rectangular solids.
Find the mean and median of a set of data.

Estimate distances and travel times from maps and the actual
size of objects from scale drawings.

Insert instructions into computer spreadsheet cellsto
program arithmetic calculations.

Determine what unit (such as seconds, square inches, or
dollars per tankful) an answer should be expressed in from
the units of the inputs to the calculation, and be able to
convert compound units (such as yen per dollar per yen, or
miles per hour into feet per second).

Decide what degree of precision is adequate and round off
the result of calculator operations to enough significant
figures to reasonably reflect those of the inputs.

Express numbers like 199, 1,000, and 1,000,000 as powers
of 10.

Estimate probabilities of outcomesin familiar situations, on
the basis of history or the number of possible outcomes.

Throughout DASH measurement, computation, and estimation
are stressed. The students develop skills of measuring distance,
mass, area, volume, temperature, time, rainfall, humidity,
pressure, rates of change, heat, force, mechanical advantage, and
so forth.

DASH students construct and calibrate their own instruments. It
is atenet of DASH that instruments and devices should be
constructed out of common place materials found about the
home and school.

DASH students estimate distance and time using scale drawings
and maps of Earth, Mars, the Moon, and the heavens. They are
encouraged to use appropriate units and convert units of one
system of measure into another—Metric into U.S. Standard and
arbitrary units, Fahrenheit degrees into Celsius, Atmospheres
into cm of mercury, and so forth. They are practiced in
estimating whether an event is likely, unlikely, or not possible.

M easurement, computation, and estimation are integral parts of
all three coursesin FAST. Emphasisis placed on developing
laboratory skills of measuring distance, mass, area, volume,
temperature, time, rainfall, humidity, vapor pressure,
transpiration, energy transfer, rates of change, heat, work, force,
specific heat, solar constant, movement of the sun, moon,
planets, and constellations, and so on.

Students construct and calibrate many of their own instruments
such as those for field mapping, measuring the solar constant,
force scale, and many others.
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12C. Manipulation and Observation

» Usecaculators to compare amounts proportionally.

»  Usecomputersto store and retrieve information in topical,
alphabetical, numerical, and key-word files, and create
simplefiles of their own devising.

» Read analog and digital meters on instruments used to make
direct measurements of length, volume, weight, elapsed
time, rates, and temperature, and choose appropriate units
for reporting various magnitudes.

»  Use cameras and tape recorders for capturing information.

*  Inspect, disassemble, and reassemble simple mechanical
devices and describe what the various parts are for; estimate
what the effect that making a change in one part of a system
islikely to have on the system asawhole.

Calculators and computers are used in DASH when available.
DASH offers a class-to-class connection telecommunication
service for teachers who wish to share data. Use of calculatorsis
encouraged to ensure that the quantitative aspects of science and
technology are not lost by students whose arithmetic
computational skills are undeveloped. Save for thermometers
and clocks students develop al of their basic laboratory
measurement skills using instruments of their own creation. Thus
they are well used to instruments that are analog and digital.

Calculators and computers are used in FAST as available.
Computer software is available for student data management,
student assessment, and simulations.

Students develop al of their basic laboratory measurement skills
in FAST.

FAST students use cameras and tape recorders as they are
available for collecting data.

FAST students assemble and disassembl e laboratory equipment
used in their investigations. They invent and calibrate awide
variety of instruments needed in their investigations.

DASH students use cameras and tape recorders as they are
available for collecting data.

DASH students because they make their own instruments and
other devices are constantly assembling and disassembling them.
They are well aware of the interdependence of instrument parts.
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12D. Communication Skills

Organize information in simple tables and graphs and
identify relationships they reveal.

Read simple tables and graphs produced by others and
describe in words what they show.

Locate information in reference books, back issues of
newspapers and magazines, compact disks, and computer
databases.

Understand writing that incorporates circle charts, bar and
line graphs, two-way data tables, diagrams, and symbols.
Find and describe locations on maps with rectangular and
polar coordinates.

In FAST datatables and graphs are used extensively to analyze
data and search for patterns and relationships. Students generate
data from their own investigations and compare their finding
with those of others. Students keep alog of their investigations
and findingsin their student notebooks which become their
textbook.

Communication through oral and written scientific reports and
student seminars and debates form a central focusin FAST. Just
asin science communication is essential to studentsin
constructing their knowledge of science.

Library research isfirst introduced through the use of the FAST
classroom library and later extended to the research literature
relevant to student investigations that can be found in the library
and in computer databases.

Throughout DASH data tables and graphs are used extensively to
analyze data and search for patterns and relationships. Students
generate data from their own investigations and compare their
finding with those of others. Students keep both a persona and a
public log of their investigations and findings in their student
notebook and on the Learning Calendar.

Many DASH activities are built around the use of field guides
and other references including newspapers and magazines.

DASH students communicate through oral and written scientific
reports, student seminars, and debates. Since these are central to
the sciences and technology so they are central to the DASH
classroom.

All modes of graphing are employed by DASH students and they
are experienced in reading and making different kinds of maps
including Mercator and orthographic and using latitude and
longitude and right ascension and declination.
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12E. Critical-Response Skills

Question claims made by vague attributions (such as
"Leading doctors say...") or on statements made by
celebrities or others outside the area of their particular
expertise.

Compare consumer products and consider reasonabl e trade-
offs among them on the basis of features, performance,
durability, and cost.

Be skeptical of arguments based on very small samples of
data, biased samples, or samples for which there was no
control sample.

Be aware that there may be more than one good way to
interpret a given set of findings.

Notice and criticize the reasoning in arguments in which (1)
fact and opinion are intermingled or the conclusions do not
follow logically from the evidence given, (2) an analogy is
not apt, (3) no mention is made of whether the control
groups are very much like the experimental group, or (4) all
members of a group (such as teenagers or chemists) are
implied to have nearly identical characteristics that differ
from those of other groups.

The reliance on data generated and collected by studentsin
FAST and the consensus building among class members on the
interpretation and generalizations warranted from the data are
designed to develop critical response skills.

Students are required to base their conclusions on evidence and
data, not opinion. They must also defend their conclusions
among their peers through oral and written reports, seminars, and
genera class discussion.

FAST 3, Change over Timeis designed to leave students with
competing theories for the formation of the universe, origin of
life, changesin life forms over time, plate tectonics, and other
currently competing idess.

Student investigations in FAST are always subjected to tests of
valid experimental design including the use of contrals,
replication, and standards for data collection. Generalizations are
based on data and consensus rather than opinion. In this way
FAST students develop critical response skills.

Critical response skills flow from areliance on data generated
and collected by students, consensus building among groups, and
interpretation and generalizations that are constantly open to
correction by the whole class.

Students are expected to base their conclusions on evidence and
data, not opinion. They must also defend their conclusions
among their peers through oral and written reports, seminars, and
genera class discussion.

Through the use of newspapers and magazines they early learn
the skill of questioning representations and verifying information
through alternative references and experts.

Student investigationsin DASH are always subjected to
guestions about validity of experimental design including the use
of contrals, replication, and standards. Generalizations are based
on data and consensus rather than opinion.
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