NATIONAL SCIENCE EDUCATION STANDARDS
CURRICULUM CONNECTIONS

The chart below matches a selection of Facing Mars’ experiences to the National
Science Education Standards. Detailed curriculum expectations for each of those

mentioned experiences can be downloaded from the Facing Mars website.
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A BIRD’S-EYE VIEW OF MARS

National Science Education Standards

Grades 5-8: Understandings about Science and Technology

Perfectly designed solutions do not exist. All technological solutions have
tradeoffs, such as safety, cost, efficiency, and appearance. Engineers often
build in back-up systems to provide safety. Risk is part of living in a highly
technological world. Reducing risk often results in new technology.
Technological designs have constraints. Some constraints are unavoidable,
for example, properties of materials, or effects of weather and friction; other
constraints limit choices in the design, for example, environmental
protection, human safety, and aesthetics.

Grades 9-12: Understandings about Science and Technology

Scientists in different disciplines ask different questions, use different
methods of investigation, and accept different types of evidence to support
their explanations. Many scientific investigations require the contributions of
individuals from different disciplines, including engineering. New disciplines
of science, such as geophysics and biochemistry often emerge at the
interface of two older disciplines.

Science often advances with the introduction of new technologies. Solving
technological problems often results in new scientific knowledge. New
technologies often extend the current levels of scientific understanding and
introduce new areas of research.

Creativity, imagination, and a good knowledge base are all required in the
work of science and engineering.

Grades 9-12: Nature of Scientific Knowledge

Science distinguishes itself from other ways of knowing and from other
bodies of knowledge through the use of empirical standards, logical
arguments, and skepticism, as scientists strive for the best possible
explanations about the natural world.

Scientific explanations must meet certain criteria. First and foremost, they
must be consistent with experimental and observational evidence about
nature, and must make accurate predictions, when appropriate, about
systems being studied. They should also be logical, respect the rules of
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evidence, be open to criticism, report methods and procedures, and make
knowledge public. Explanations on how the natural world changes based on
myths, personal beliefs, religious values, mystical inspiration, superstition,
or authority may be personally useful and socially relevant, but they are not
scientific.

Because all scientific ideas depend on experimental and observational
confirmation, all scientific knowledge is, in principle, subject to change as
new evidence becomes available. The core ideas of science such as the
conservation of energy or the laws of motion have been subjected to a wide
variety of confirmations and are therefore unlikely to change in the areas in
which they have been tested. In areas where data or understanding are
incomplete, such as the details of human evolution or questions surrounding
global warming, new data may well lead to changes in current ideas or
resolve current conflicts. In situations where information is still fragmentary,
it is normal for scientific ideas to be incomplete, but this is also where the
opportunity for making advances may be greatest.
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BLAST OFF!

National Science Education Standards

Grades 5-8: Motion and Forces

The motion of an object can be described by its position, direction of motion,
and speed. That motion can be measured and represented on a graph.

An object that is not being subjected to a force will continue to move at a
constant speed and in a straight line.

If more than one force acts on an object along a straight line, then the forces
will reinforce or cancel one another, depending on their direction and
magnitude. Unbalanced forces will cause changes in the speed or direction
of an object’s motion.

Grades 5-8: Abilities of Technological Design

Design a Solution or a Product. Students should make and compare different
proposals in the light of the criteria they have selected. They must consider
constraints-such as cost, time, trade-offs, and materials needed-and
communicate ideas with drawings and simple models.

Implement a Proposed Design. Students should organize materials and other
resources, plan their work, make good use of group collaboration where
appropriate, choose suitable tools and techniques, and work with
appropriate measurement methods to ensure adequate accuracy.

Evaluate Completed Technological Designs or Products. Students should use
criteria relevant to the original purpose or need, consider a variety of factors
that might affect acceptability and suitability for intended users or
beneficiaries, and develop measures of quality with respect to such criteria
and factors; they should also suggest improvements and, for their own
products, try proposed modifications.

Grades 5-8: Understanding about Science and Technology

Perfectly designed solutions do not need exist. All technological solutions
have trade-offs, such as safety, cost, efficiency, and appearance. Engineers
often build in back-up systems to provide safety. Risk is part of living in a
highly technological world. Reducing risk often results in new technology.
Technological designs have constraints. Some constraints are unavoidable,
for example, properties of materials, or effects of weather and friction; other
constraints, limit choices in the design, for example, environmental
protection, human safety, and aesthetics.
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Technological solutions have intended benefits and unintended
consequences. Some consequences can be predicted, others cannot.

Grades 9-12: Motions and Forces

Objects change their motion only when a net force is applied. Laws of motion
are used to calculate precisely the effects of forces on the motion of objects.
The magnitude of the change in motion can be calculated using the
relationship F = ma, which is independent of the nature of the force.
Whenever one object exerts force on another, a force equal in magnitude and
opposite in direction is exerted on the first object.

Gravitation is a universal force that each mass exerts on any other mass. The
strength of the gravitational attractive force between two masses is
proportional to the masses and inversely proportional to the square of the
distance between them.

Grades 9-12: Abilities of Technological Design

Identify a problem or design an opportunity. Students should be able to
identify new problems or needs and to change and improve current
technological designs.

Propose designs and choose between alternative solutions. Students should
demonstrate thoughtful planning for a piece of technology or technique.
Students should be introduced to the roles of models and simulations in
these processes.

Implement a proposed solution. A variety of skills can be needed in proposing
a solution depending on the type of technology that is involved. The
construction of artifacts can require the skills of cutting, shaping, treating,
and joining common materials--such as wood, metal, plastics, and textiles.
Solutions can also be implemented using computer software.

Evaluate the solution and its consequences. Students should test any
solution against the needs and criteria it was designed to meet. At this stage,
new criteria not originally considered may be reviewed.

Communicate the problem, process, and solution. Students should present
their results to students, teachers, and others in a variety of ways, such as
orally, in writing, and in other forms--including models, diagrams, and
demonstrations.

ONTARIO

FACING MARS @@ ifice



CAN YOU COPE IN A CRISIS?

National Science Education Standards

Grades 5-8: Physical Science: Transfer of Energy

Energy is a property of many substances and is associated with heat, light,
electricity, mechanical motion, sound, nuclei, and the nature of a chemical.
Energy is transferred in many ways.

Light interacts with matter by transmission (including refraction), absorption,
or scattering (including reflection). To see an object, light from that object—
emitted by or scattered from it—must enter the eye.

In most chemical and nuclear reactions, energy is transferred into or out of a
system. Heat, light, mechanical motion, or electricity might all be involved in
such transfers.

Grades 5-8: Abilities of Technological Design

Design a Solution or a Product. Students should make and compare different
proposals in the light of the criteria they have selected. They must consider
constraints-such as cost, time, tradeoffs, and materials needed-and
communicate ideas with drawings and simple models.

Implement a Proposed Design. Students should organize materials and other
resources, plan their work, make good use of group collaboration where
appropriate, choose suitable tools and techniques, and work with
appropriate measurement methods to ensure adequate accuracy.

Evaluate Completed Technological Designs or Products. Students should use
criteria relevant to the original purpose or need, consider a variety of factors
that might affect acceptability and suitability for intended users or
beneficiaries, and develop measures of quality with respect to such criteria
and factors; they should also suggest improvements and, for their own
products, try proposed modifications.

Grades 5-8: Understandings of Science and Technology

Science and technology are reciprocal. Science helps drive technology, as it
addresses questions that demand more sophisticated instruments and
provides principles for better instrumentation and technique. Technology is
essential to science, because it provides instruments and techniques that
enable observations of objects and phenomena that are otherwise
unobservable due to factors such as quantity, distance, location, size, and
speed. Technology also provides tools for investigations, inquiry and
analysis.
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e Perfectly designed solutions do not exist. All technological solutions have
tradeoffs, such as safety, cost, efficiency, and appearance. Engineers often
build in back-up systems to provide safety. Risk is part of living in a highly
technological world. Reducing risk often results in new technology.

e Technological designs have constraints. Some constraints are unavoidable,
for example, properties of materials, or effects of weather and friction; other
constraints limit choices in the design, for example, environmental
protection, human safety, and aesthetics. Technological solutions have
intended benefits and unintended consequences. Some consequences can
be predicted, others cannot.
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CAN YOU DO THE MARSWALK?

National Science Education Standards

Grades 5-8: Structure of the Earth System

The solid earth is layered with a lithosphere; hot, convecting mantle; and
dense, metallic core

Lithospheric plates on the scales of continents and oceans constantly move
at rates of centimeters per year in response to movements in the mantle.
Major geological events, such as earthquakes, volcanic eruptions, and
mountain building, result from these plate motions.

Land forms are the result of a combination of constructive and destructive
forces. Constructive forces include crystal deformation, volcanic eruption,
and deposition of sediment, while destructive forces include weathering and
erosion.

Gravity is the force that keeps planets in orbit around the sun and governs
the rest of the motion in the solar system. Gravity alone holds us to the
earth’s surface and explains the phenomena of the tides.

Grades 9-12: Energy in the Earth System

Earth systems have internal and external sources of energy, both of which
create heat. The sun is the major external source of energy. Two primary
sources of internal energy are the decay of radioactive isotopes and the
gravitational energy from the earth's original formation.

The outward transfer of earth's internal heat drives convection circulation in
the mantle that propels the plates comprising earth's surface across the face
of the globe.

ONTARIO

FACING MARS @@ %iffcs



CAN YOU HANDLE THE PRESSURE?

National Science Education Standards

Grades 5-8: Abilities of Technological Design

Identify appropriate problems for technological design. Students should
develop their abilities by identifying a specified need, considering its various
aspects, and talking to different potential users or beneficiaries. They should
appreciate that for some needs, the cultural backgrounds and beliefs of
different groups can affect the criteria for a suitable product.

Evaluate completed technological designs or products. Students should use
criteria relevant to the original purpose or need, consider a variety of factors
that might affect acceptability and suitability for intended users or
beneficiaries, and develop measures of quality with respect to such criteria
and factors; they should also suggest improvements and, for their own
products, try proposed modifications.

Communicate the process of technological design. Students should review
and describe any completed piece of work and identify the stages of problem
identification, solution design, implementation, and evaluation.

Grades 5-8: Understandings about Science and Technology

Perfectly designed solutions do not exist. All technological solutions have
tradeoffs, such as safety, cost, efficiency, and appearance. Engineers often
build in back-up systems to provide safety. Risk is part of living in a highly
technological world. Reducing risk often results in new technology.
Technological designs have constraints. Some constraints are unavoidable,
for example, properties of materials, or effects of weather and friction; other
constraints limit choices in the design, for example, environmental
protection, human safety, and aesthetics.

Grades 9-12: Abilities of Technological Design

Identify a problem or design an opportunity. Students should be able to
identify new problems or needs and to change and improve current
technological designs.

Propose designs and choose between alternative solutions. Students should
demonstrate thoughtful planning for a piece of technology or technique.
Students should be introduced to the roles of models and simulations in
these processes.
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e Evaluate the solution and its consequences. Students should test any
solution against the needs and criteria it was designed to meet. At this stage,
new criteria not originally considered may be reviewed.

Grades 9-12: Understandings about Science and Technology

e Scientists in different disciplines ask different questions, use different
methods of investigation, and accept different types of evidence to support
their explanations. Many scientific investigations require the contributions of
individuals from different disciplines, including engineering. New disciplines
of science, such as geophysics and biochemistry often emerge at the
interface of two older disciplines.

e Science often advances with the introduction of new technologies. Solving
technological problems often results in new scientific knowledge. New
technologies often extend the current levels of scientific understanding and
introduce new areas of research.

o Creativity, imagination, and a good knowledge base are all required in the
work of science and engineering.
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FAN A MARTIAN DUST STORM

National Science Education Standards

Grades 5-8: Understandings about Science and Technology

Perfectly designed solutions do not exist. All technological solutions have
trade-offs , such as safety, cost, efficiency, and appearance . Engineers often
build in back-up systems to provide safety. Risk is part of living in a highly
technological world. Reducing risk often results in new technology.
Technological designs have constraints. Some constraints are unavoidable,
for example, properties of materials, or effects of weather and friction; other
constraints limit choices in the design, for example, environmental
protection, human safety, and aesthetics.

Technological solutions have intended benefits and unintended
consequences. Some consequences can be predicted, others cannot.

Grades 5-8: Natural Hazards

Internal and external processes of the earth system cause natural hazards,
events that change or destroy human and wildlife habitats, damage property,
and harm or kill humans. Natural hazards include earthquakes, landslides,
wildfires, volcanic eruptions, floods, storms, and even possible impacts of
asteroids.

Natural hazards can present personal and societal challenges because
misidentifying the change or incorrectly estimating the rate and scale of
change may result in either too little attention and significant human cost or
too much cost for unneeded preventive measures.

Grades 9-12: Earth and Space: Energy in the Earth System

Earth systems have internal and external sources of energy, both of which
create heat. The sun is the major external source of energy. Two primary
sources of internal energy are the decay of radioactive isotopes and the
gravitational energy from the earth's original formation.

Heating of earth's surface and atmosphere by the sun drives convection
within the atmosphere and oceans, producing winds and ocean currents.
Global climate is determined by energy transfer from the sun at and near the
earth's surface. This energy transfer is influenced by dynamic processes such
as cloud cover and the earth's rotation, and static conditions such as the
position of mountain ranges and oceans.
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GIMME SHELTER

National Science Education Standards

Grades 5-8: Science in Personal and Social Perspectives: Risks and Benefits

Risk analysis considers the type of hazard and estimates the number of
people that might be exposed and the number likely to suffer consequences.
The results are used to determine the options for reducing or eliminating
risks.

Students should understand the risks associated with natural hazards (fires,
floods, tornadoes, hurricanes, earthquakes, and volcanic eruptions), with
chemical hazards (pollutants in air, water, soil, and food), with biological
hazards (pollen, viruses, bacterial, and parasites), social hazards
(occupational safety and transportation ) , and with personal hazards
(smoking, dieting, and drinking).

Individuals can use a systematic approach to thinking critically about risks
and benefits. Examples include applying probability estimates to risks and
comparing them to estimated personal and social benefits.

Important personal and social decisions are made based on perceptions of
benefits and risks.

Grades 9-12: Science in Personal and Social Perspectives: Natural and Human-
Induced Hazards

Normal adjustments of earth may be hazardous for humans. Humans live at
the interface between the atmosphere driven by solar energy and the upper
mantle where convection creates changes in the earth's solid crust. As
societies have grown, become stable, and come to value aspects of the
environment, vulnerability to natural processes of change has increased.
Natural and human-induced hazards present the need for humans to assess
potential danger and risk. Many changes in the environment designed by
humans bring benefits to society, as well as cause risks. Students should
understand the costs and trade-offs of various hazards - ranging from those
with minor risk to a few people to major catastrophes with major risk to many
people. The scale of events and the accuracy with which scientists and
engineers can (and cannot) predict events are important considerations.
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LIFE ON MARS

National Science Education Standards

Grades 5-8: Life Science: Populations and Ecosystems

A population consists of all individuals of a species that occur together at a
given place and time. All populations living together and the physical factors
with which they interact compose an ecosystem.

For ecosystems, the major source of energy is sunlight .Energy entering
ecosystems as sunlight is transferred by producers into chemical energy
through photosynthesis. That energy then passes from organism to organism
in food webs.

The number of organisms an ecosystem can support depends on the
resources available and abiotic factors, such as quantity of light and water,
range of temperatures, and soil composition. Given adequate biotic and
abiotic resources and no disease or predators, populations (including
humans) increase at rapid rates. Lack of resources and other factors, such as
predation and climate, limit the growth of populations in specific niches in
the ecosystem.

Grades 5-8: Life Science: Diversity and Adaptations of Organisms

Millions of species of animals, plants, and microorganisms are alive today.
Although different species might look dissimilar, the unity among organisms
becomes apparent from an analysis of internal structures, the similarity of
their chemical processes, and the evidence of common ancestry.

Biological evolution accounts for the diversity of species developed through
gradual processes over many generations. Species acquire many of their
unique characteristics through biological adaptation, which involves the
selection of naturally occurring variations in populations. Biological
adaptations include changes in structures, behaviors, or physiology that
enhance survival and reproductive success in a particular environment.
Extinction of a species occurs when the environment changes and the
adaptive characteristics of a species are insufficient to allow its survival.
Fossils indicate that many organisms that lived long ago are extinct.
Extinction of species is common; most of the species that have lived on the
earth no longer exist.
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Grades 5-8: Nature of Science

Scientists formulate and test their explanations of nature using observation,
experiments, and theoretical and mathematical models. Although all
scientific ideas are tentative and subject to change and improvement in
principle, for most major ideas in science, there is much experimental and
observational confirmation. Those ideas are not likely to change greatly in the
future. Scientists do and have changed their ideas about nature when they
encounter new experimental evidence that does not match their existing
explanations.

In areas where active research is being pursued and in which there is not a
great deal of experimental or observational evidence and understanding, it is
normal for scientists to differ with one another about the interpretation of the
evidence or theory being considered. Different scientists might publish
conflicting experimental results or might draw different conclusions from the
same data. Ideally, scientists acknowledge such conflict and work towards
finding evidence that will resolve their disagreement.

It is part of scientific inquiry to evaluate the results of scientific
investigations, experiments, observations, theoretical models, and the
explanations proposed by other scientists. Evaluation include s reviewing the
experimental procedures, examining the evidence, identifying faulty
reasoning, pointing out statements that go beyond the evidence, and
suggesting alternative explanations for the same observations . Although
scientists may disagree about explanations of phenomena, about
interpretations of data, or about the value of rival theories, they do agree that
questioning, response to criticism, and open communication are integral to
the process of science. As scientific knowledge evolves, major disagreements
are eventually resolved through such interactions between scientists.

Grades 9-12: Life Science: Biological Evolution

Species evolve over time. Evolution is the consequence of the interactions of
(2) the potential for a species to increase its numbers, (2) the genetic
variability of offspring due to mutation and recombination of genes, (3) a
finite supply of the resources required for life, and (4) the ensuing selection
by the environment of those offspring better able to survive and leave
offspring.

The great diversity of organisms is the result of more than 3.5 billion years of
evolution that has filled every available niche with life forms.

Natural selection and its evolutionary consequences provide a scientific
explanation for the fossil record of ancient life forms, as well as for the
striking molecular similarities observed among the diverse species of living
organisms.
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Grades 9-12: Earth and Space: The Origin and Evolution of the Earth System

e The sun, the earth, and the rest of the solar system formed from a nebular
cloud of dust and gas 4.6 billion years ago. The early earth was very different
from the planet we live on today.

e Geologic time can be estimated by observing rock sequences and using
fossils to correlate the sequences at various locations. Current methods
include using the known decay rates of radioactive isotopes present in rocks
to measure the time since the rock was formed.

e Interactions among the solid earth, the oceans, the atmosphere, and
organisms have resulted in the ongoing evolution of the earth system. We can
observe some changes such as earthquakes and volcanic eruptions on a
human time scale, but many processes such as mountain building and plate
movements take place over hundreds of millions of years.

e Evidence for one-celled forms of life--the bacteria--extends back more than
3.5 billion years. The evolution of life caused dramatic changes in the
composition of the earth's atmosphere, which did not originally contain
oxygen.

Grades 9-12: Nature of Scientific Knowledge

e Science distinguishes itself from other ways of knowing and from other
bodies of knowledge through the use of empirical standards, logical
arguments, and skepticism, as scientists strive for the best possible
explanations about the natural world.

e Scientific explanations must meet certain criteria. First and foremost, they
must be consistent with experimental and observational evidence about
nature, and must make accurate predictions, when appropriate, about
systems being studied. They should also be logical, respect the rules of
evidence, be open to criticism, report methods and procedures, and make
knowledge public. Explanations on how the natural world changes based on
myths, personal beliefs, religious values, mystical inspiration, superstition,
or authority may be personally useful and socially relevant, but they are not
scientific.

e Because all scientific ideas depend on experimental and observational
confirmation, all scientific knowledge is, in principle, subject to change as
new evidence becomes available. The core ideas of science such as the
conservation of energy or the laws of motion have been subjected to a wide
variety of confirmations and are therefore unlikely to change in the areas in
which they have been tested. In areas where data or understanding are
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incomplete, such as the details of human evolution or questions surrounding
global warming, new data may well lead to changes in current ideas or
resolve current conflicts. In situations where information is still fragmentary,
it is normal for scientific ideas to be incomplete, but this is also where the
opportunity for making advances may be greatest.

ONTARIO

FACING MARS @@ &



WHAT DOES SPACE DO TO YOUR FACE?

National Science Education Standards

Grades 5-8: Life Science: Regulation and Behavior

All organisms must be able to obtain and use resources, grow, reproduce,
and maintain stable internal conditions while living in a constantly changing
external environment .

Regulation of an organism’s internal environment involves sensing the
internal environment and changing physiological activities to keep conditions
within the range required to survive.

Behavior is one kind of response an organism can make to an internal or
environmental stimulus. A behavioral response requires coordination and
communication at many levels, including cells, organ systems, and whole
organisms. Behavioral response is a set of actions determined in part by
heredity and in part from experience.

Grades 9-12: Life Science: The Behavior of Organisms

Organisms have behavioral responses to internal changes and to external
stimuli. Responses to external stimuli can result from interactions with the
organism's own species and others, as well as environmental changes; these
responses either can be innate or learned. The broad patterns of behavior
exhibited by animals have evolved to ensure reproductive success. Animals
often live in unpredictable environments, and so their behavior must be
flexible enough to deal with uncertainty and change. Plants also respond to
stimuli.

Behavioral biology has implications for humans, as it provides links to
psychology, sociology, and anthropology.
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WHIRL ‘TIL YOU HURL

National Science Education Standards

Grades 5-8: Life Science: Structure and Function in Living Systems

Living systems at all levels of organization demonstrate the complementary
nature of structure and function. Important levels of organization for
structure and function include cells, organs, tissues, organ systems, whole
organisms, and ecosystems.

Specialized cells perform specialized functions in multicellular organisms.
Groups of specialized cells cooperate to form a tissue, such as a muscle.
Different tissues are in turn grouped together to form larger functional units,
called organs. Each type of cell, tissue, and organ has a distinct structure and
set of functions that serve the organism as a whole.

The human organism has systems for digestion, respiration, reproduction,
circulation, excretion, movement, control, and coordination, and for
protection from disease. These systems interact with one another.

Grades 5-8: Life Science: Regulation and Behavior

All organisms must be able to obtain and use resources, grow, reproduce,
and maintain stable internal conditions while living in a constantly changing
external environment.

Regulation of an organism’s internal environment involves sensing the
internal environment and changing physiological activities to keep conditions
within the range required to survive.

Behavior is one kind of response an organism can make to an internal or
environmental stimulus. A behavioral response requires coordination and
communication at many levels, including cells, organ systems, and whole
organisms. Behavioral response is a set of actions determined in part by
heredity and in part from experience.

An organism’s behavior evolves through adaptation to its environment. How a
species moves, obtains food, reproduces, and responds to danger are based
in the species’ evolutionary history.
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