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DRAFT: NAEP CONTENT AND BOUNDARY STATEMENTS

Introduction and Questions

This document contains the NAEP Framework introductory essays, content statements,
and DRAFT boundary statements. Content boundaries fall under five general categories:

1. Examples, phenomena, or observations: There may be limits to the phenomena,
examples, or observations that will be used in assessment items. For example,
students may or may not be asked to apply laws of motion to electrons, or answer
guestions about a detritus-based food chain.

2. Instruments, units of measurement, and categories for classification: In some
cases, boundaries will describe the level of precision expected of studentsin
measuring or classifying phenomena, or in interpreting measurements.

3. Representations: Students will be expected to use different types of
representations (charts, graphs, diagrams, formulas, etc.) at different grades and
for different subtopics. Also, boundaries will attend to the kinds of mathematical
operations or equations and chemical formulas that will appear on assessment
items.

4. Technical vocabulary: There may be technical terms beyond those that appear in
the content statements that could be included in assessment items; conversely,
some terms may be considered off-limits.

5. Clarification/Other: Thisisan opportunity to comment on the boundaries, for
example, further specifying the content encompassed by the more general content
statements and boundaries or the suitable types of representation.

The boundary statements are currently being revised, so your comments would be
helpful. In providing your feedback on the content boundary tables and chains, please
focus on the following three questions:

1. Arethe boundary statements consistent with the content statements? If no, please
suggest revisions to the boundary statements.

2. Arethe boundary statements appropriate to the grade level ? If no, please suggest
revisionsto the boundary statements.

| would also be interested in your thoughts on a couple of other questions. There are
sometimes inconsistencies in the form and level of details among the boundary
statements, and | am supposed to help do arevision that resolves those inconsistencies.
So could you think about two other questions:

1. What inconsistences among the boundaries for different topics need to be
resolved?

2. What about the boundaries is most important for the audiences of the Michigan
Content Expectations: assessment developers, curriculum devel opers, teachers,
and administrators?

DRAFT: Do not cite, reproduce, or distribute. 1
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Physical Science

Physical science principles, including fundamental ideas about matter, energy, and
motion, are powerful conceptual tools for making sense of phenomenain physical, living,
and Earth systems. Familiar changes—an ice cube melting, a baseball changing direction
after being struck by a bat, the appearance of a bolt of lightning, the formation and
erosion of mountains, and the growth of a plant—can be explained using these
fundamental ideas."

Energy isthe constant in an ever-changing world. Energy from the sun fuels electrical
storms, hurricanes, tornados, and photosynthesis. In turn, the products of photosynthesis
(carbohydrates and oxygen) react during respiration to fuel the life processes, such as
growth and reproduction, of plants and animals. Consequently, it isimportant for students
to develop an understanding of physical science principles early and to appreciate their
usefulness across Physical Science, Life Science, and Earth and Space Science.

The physical science principles to be assessed are written as content statements and
sorted into three topics—Matter, Energy, and Motion. Matter isthe “stuff” of the natural
world. Energy isinvolved in al changes in matter. Motion of the heavenly bodies, of
objects found in daily experiences (e.g., balls, birds, cars), and of the tiny particles
(atoms, molecules, and their component parts) composing all objects and substancesis
the result of interactions of matter and energy. The content statements have been divided
into topics and subtopics as summarized in Table 5.

Table 5. Physical Science Content Topics and Subtopics

M atter

Properties of Matter
Changesin Matter

Energy

Forms of Energy
Energy Transfer and Conservation

Motion

Motion at the Macroscopic and Molecular Levels
Forces Affecting Motion

! The importance of developing understanding early and making connections among the physical, life,
Earth, and space sciences has motivated increased attention on physical science in elementary school and
prompted consideration of rearranging the usual Earth-ife-chemistry—physics curriculum segquence.
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Matter

The topic, Matter, isdivided into two subtopics: Properties of Matter and Changesin
Matter. Conservation of mass, the particulate model of matter, and the Periodic Table of
the Elements are the conceptual glue tying together these two subtopics and their related
principles.

Properties of Matter

Matter has physical and chemical properties. Physical properties common to al matter as
well as those physical properties unique to solids, liquids, and gases are included in the
Framework, as are chemical properties. All objects and substances in the natural world
are composed of matter. Matter has two fundamental properties. matter takes up space,
and matter has inertia—it changes motion only when under the influence of a net force
(grade 4). See the following textbox, “A Matter of Mass,” for more on mass vs. weight
and the Framework’ s treatment of this distinction.

Clarification: A Matter of Mass

Mass is a property common to all objects. It isthe amount of matter (or “stuff”) inan
object. The more mass an object has, the more inertia (or “sluggishness’) it displays
when attempts are made to change its speed or direction. Massis measured in grams (Q)
or kilograms (kg) (1 kg=1000 g) using a beam or electronic balance. 2

Weight, on the other hand, is a measure of the force of attraction (gravitational force)
between an object and Earth. 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. Force and weight are measured in newtons (N) using a spring scale.

Changing an object’ s position (say from Earth to the moon) will change its weight, but
not its mass. For example, on the surface of Earth, a cannon ball has a mass of 10 kg and
aweight of 98 N. On the surface of the moon, that same cannon ball still has a mass of 10
kg, but itsweight isonly 16 N. So, the cannon ball weighs less on the moon than on
Earth, even though nothing has been taken away. Why? Because of the moon’s |lesser
mass, the force of attraction between the moon and the cannon ball is less than the force
of attraction between Earth and the cannon ball. Hence, it is said that an object on the
moon weighs less than the same object weighs on Earth.

These concepts of mass and weight are complicated and potentially confusing to 4™ grade
students. Hence, the Framework and Specifications use the more familiar term “weight”
in grade 4 to stand for both weight and mass; this usage is denoted as follows: “weight
(mass).” By grades 8 and 12, students are expected to understand the distinction between
mass and weight, and thus, both terms will be used as appropriate.

2 Asfound in current NAEP practice, metric units of measure are used for grades 4, 8, and 12.
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Matter existsin several different physical states, each of which has unique properties
(grade 4). Three of the most commonly encountered are solids, liquids, and gases. Shape
and compressibility are examples of properties that distinguish solids, liquids, and gases
(grade 4).

The particulate model of matter can be used to explain and predict the properties of states
of matter, for example, why iceis harder than liquid water; and why ice (once formed)
has a shape independent of its container while liquid water takes the shape of whatever
container it isin (grade 4). In the particulate model of matter, the molecules or atoms of
which matter is composed are assumed to be tiny particlesin motion (grade 8). The
motion is trandational, rotational, and vibrational (grade 12). This model now can be
used to explain the properties of solids, liquids, and gases, as well as changes of state.
The particulate model can be used to explain the unique properties of water, as described
in the following textbox.

Clarification: Unique Properties of Water

Grade 12: Matter—Changes in Matter

P12.5: Changes of state require atransfer of energy. Water has a very high specific heat,
meaning it can absorb alarge amount of energy while producing only small changesin
temperature.

The unique properties of water have important consequences for Earth Systems and Life
Science, including the origin and existence of life on Earth. Understanding the substance
of water requires knowledge across the Physical Science categories of Matter, Energy,

and Motion.

Aswith all kinds of matter, water’ s unique properties can be explained by the shape of its
molecule, the forces between its moleculesin solid (ice) and liquid states, and the
resulting arrangement of moleculesin solid and liquid states. In particular, in the solid
state, the molecular bonds are such that they separate the molecules more than in the
liquid state, leading to ice being less dense than liquid water. The specific heat of a
substance is the amount of energy required to change 1 kg of it by 1°C. Water has avery
high specific heat, meaning it can absorb alarge amount of energy while producing only
small changes in temperature.

The detailed structures of molecules and atoms that compose them serve as models that
explain the forces of attraction between molecules. The structure of atoms, especially the
outermost electrons, explains the chemical properties of the elements and the formation
of the chemical bonds made and broken during chemical reactions (grade 12). The
Periodic Table of the Elements (introduced at grade 8) is another way in which order can
be made out of the complexity of the variety of types of matter. (In grade 8, the emphasis
ison observed periodicity of properties.) The Periodic Table demonstrates the
relationship between the atomic number of the elements and their chemical and physical
properties and provides a structure for inquiry into the characteristics of the chemical
elements (grade 12).
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Two classes of chemical substances serve as exemplars of chemical properties. One class
is metals (elements) and the other classis acids (compounds). A chemical property of
metalsisto react with non-metals to form salts. Included among the properties of acidsis
the formation of characteristic colors when interacting with acid/base indicators and the
interaction with bases to produce salts and water (neutralization) (grade 8).

Changesin Matter

Matter can undergo avariety of changes. Changes are physical if the relations between
the molecules of the material are changed (e.g., changing from a solid to aliquid or from
aliquid to agas) (grade 4). When matter undergoes physical change, generally no
changes occur in the structure of the molecules or atoms composing the matter (grade 8).
Changes are chemical if they involve the rearrangement of how atoms are bound to one
other, thereby changing the molecules of the material. These are changesin the structure
of the outermost electron shell surrounding the nuclel of the interacting atoms (grade 12).
Chemical changes either release energy to the surroundings or require energy to take
place (grade 12). Changes are nuclear if the particles are removed from or added to the
nucleus of the atom, changing the atoms themselves into different elements (grade 12).

That mass is conserved when matter undergoes physical and chemical changesisa
powerful principle for understanding the natural world and was influential in the
development of chemical theory. Adherence to the principle discourages the conclusion
that something “ disappears’ (as water appears to disappear from a puddle) and
encourages the search for the “missing” matter.

Nuclear reactions, involving changes in the nuclei of atoms, are generally very high-
energy and result in the formation of atoms different from those that began the process. In
nuclear reactions, an appreciable amount of mass is converted into energy (grade 12).

Energy®

Thetopic, energy, is divided into two subtopics, one addressing the forms of energy and
the other energy transfer and conservation.

Forms of Enerqy

Knowing the characteristics of familiar forms of energy (grade 4) and the scientific
categories of potential and kinetic energy (grade 8) are useful in coming to an
understanding that, for the most part, the natural world can be explained and is

3 There are different approaches to helping students understand the concept of energy and related
observable phenomena, such as light, heat, and sound. These differences are reflected in this Framework's
reference documents and have therefore influenced the framing of the Physical Science, Life Science, and
Earth and Space Science content statements.
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predictable. The most basic characteristics of thermal®, light, sound, electrical, and
mechanical energy and the relationship between changes in the natural world and energy
areincluded in the Framework. That two objects, one at a higher temperature than the
other, come to the same temperature when placed in contact with each other isafamiliar
experience. Heat as a concept can be used to explain this experience (grade 8).

Energy Transfer and Conservation

That energy is conserved can be demonstrated by keeping track of the familiar forms of
energy asthey are transferred from one object to another. The chemical potential energy
in abattery istransferred by electric current to alight bulb, which in turn transfers the
energy in the form of heat (thermal energy) and light to its surroundings (grade 4). The
energy stored in the battery decreases as its surroundings are heated. The lossin chemical
potential energy equals the light and heat (thermal energy) transferred by the bulb and the
wires to their surroundings. Quantitative accounting is complex; however, on a
gualitative basis, both the ability to trace energy transfer and the understanding that
energy is conserved (grade 8) are of great explanatory and predictive value. The sun as
the main energy source for the Earth provides opportunity at all grade levels to make
important connections between the science disciplines (see following textbox).

Motion

The topic, motion, is divided into two subtopics. The first addresses motion at the
macroscopic and molecular levels, and the second addresses the forces that affect motion.

Motion at the Macroscopic and Molecular Levels

Objects observed in daily life undergo different kinds of motion (grade 4). The
Framework distinguishes three kinds of motion (translational, rotational, vibrational)
with emphasis on the translational motion of objects in the natural environment.
Trandlational motion is more difficult to describe than it appears because descriptions
depend on the position of the observer and the frame of reference used. Speed (grades 4
and 8), velocity (grade 12), and acceleration (grade 12) of objectsin trandlational motion
are described in terms of change in direction and position in atime interval.

Forces Affecting Motion

Adding energy to a substance changes the motion of the molecules composing the
substance. So, too, it takes energy to change the motion of macroscopic objects. The
energy change is understood in terms of forces. It takes energy for a baseball pitcher to
set the ball in motion toward the batter. Pushes and pulls applied to objects often result in
changes in motion (grade 4). Principles germane to the relationship of forces and motion
serve to motivate the search for forces when objects change their motion or when an
object remains at rest when it seems that the forces acting on it should result in setting it

* The term “heat” in Physical Scienceis used in grade 4 to stand for thermal energy; this usage is denoted
asfollows: “heat (thermal energy).” “Thermal energy” isused in grades 8 and 12.
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in motion (grade 8).

Some forces act through physical contact of objects while others act at a distance. The
force of abat on aball and the downward push of alead block on atabletop are contact
forces. Gravitational and magnetic forces act at a distance (grade 8). Magnets do not need
to be in contact to attract or repel each other. The Earth and an airplane do not need to be
in contact for aforce of attraction to exist between them. Qualitative relationships (grade
8) and quantitative relationships (grade 12) between the mass of an object, the magnitude
and direction of the net force on the object, and its acceleration are powerful ideas to
explain and predict changes in the natural world.
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213

213 Table 6. Physical Science Content Statementsfor Grades4, 8, and 12

Grade4

Grade8

Grade 12

Properties of Matter: From physical properties common to all objects and substances and physical
properties common to solids, liquids and gases (4) to chemical properties, particulate nature of
matter, and the Periodic Table of Elements (8) to characteristics of sub-atomic particles and atomic

structure (12).

P4.1: Objects and substances have
properties. Weight (mass) and volume
are properties that can be measured
using appropriate tools.”

P4.2: Objectsvary in the extent to
which they absorb and reflect light
and conduct heat (thermal energy) and
electricity.

P4.3: Matter existsin several different
states; the most commonly
encountered are solid, liquid, and gas.
Each state of matter has unique
properties. For instance, solids and
liquids are not easily compressed; the
shape of asolid isindependent of its
container; liquids and gases take the
shape of their containers.

P4.4: Some objects are composed of a
single substance; others are composed
of more than one substance.

P4.5: Magnets can repel or attract
other magnets. They can also attract
certain non-magnetic objects at a
distance.

P8.1: Properties of solids, liquids, and
gases are explained by a model of
matter that is composed of tiny
particles in motion.

P8.2: Chemical properties of
substances are explained by the
structure of atoms and molecules.

P8.3: All substances are composed of
one or more of approximately one
hundred elements. The Periodic Table
organizes the elements into families of
elements with similar properties.

P8.4: Elements are a class of
substances composed of asingle kind
of atom. Compounds are composed of
two or more different elements. Each
element and compound has physical
and chemical properties, such as
boiling point, density, color, and
conductivity, which are independent
of the amount of the sample.®

P8.5: Substances are classified
according to their physical and
chemical properties. Metals and acids
are examples of such classes. Metals
are aclass of elements that exhibit
common physical properties such as
conductivity and common chemical
properties such as interacting with
non-metals to produce salts. Acids are
aclass of compounds that exhibit
common chemical properties
including a sour taste, characteristic
color changes with litmus and other
acid/base indicators, and the tendency
to react with bases to produce a salt
and water.

P12.1: Differencesin the physical
properties of solids, liquids, and gases
are explained by the waysin which
the molecules of the substances are
arranged and the strength of the forces
of attraction between the molecules.

P12.2: Electrons, protons, and
neutrons are parts of the atom and
have measurabl e properties including
mass and, in the case of protons and
electrons, charge. The nuclei of atoms
are composed of protons and
neutrons. A kind of force that is only
visible at nuclear distances holds the
particles of the nucleus together
against the electrical repulsion
between the protons.

P12.3: In the Periodic Table, elements
are arranged according to the number
of protons (called the atomic number).
This organization illustrates
commonality and patterns of physical
and chemical properties among the
elements.

P12.4: In aneutral atom, the
positively charged nucleusis
surrounded by the same number of
negatively charged electrons. Atoms
of an element whose nuclei have
different numbers of neutrons are
called isotopes.

® See textbox on p. 27 for more detail on the distinction between weight and mass.
® While this content statement generally holds, there are some compounds that decompose before boiling.
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Grade4

Grade8

Grade 12

Changesin Matter: From changes of state (4) to physical and chemical changes and conservation
of mass (8) to particulate nature of matter, unique physical characteristics of water, and changes at
the atomic and molecular level during chemical changes (12).

P4.6: One way to change matter from
one state to another and back againis
by heating and cooling.

P8.6: Changes of state are explained
by amodel of matter composed of
tiny particlesthat arein motion. When
substances undergo changes of state,
neither atoms nor molecules
themselves are changed in structure.
Mass is conserved when substances
undergo changes of state.

P8.7: Chemical changes can occur
when two substances, elements, or
compounds interact and produce one
or more different substances, whose
physical and chemical properties are
different from the interacting
substances. When substances undergo
chemical change, the number of atoms
in the reactantsis the same asthe
number of atomsin the products.
Mass is conserved when substances
undergo chemical change. The mass
of the interacting substances
(reactants) is the same as the mass of
the substances produced (products).

P12.5: Changes of state require a
transfer of energy. Water has avery
high specific heat, meaning it can
absorb alarge amount of energy while
producing only small changesin
temperature.”

P12.6: An atom’s electron
configuration, particularly of the
outermost electrons, determines how
the atom can interact with other
atoms. The interactions between
atoms that hold them together in
molecules are called chemical bonds.

P12.7: A large number of important
reactions involve the transfer of either
electrons (oxidation/reduction
reactions) or hydrogen ions (acid/base
reactions) between reacting ions,
molecules, or atoms. In other
chemical reactions, atoms interact
with one another by sharing electrons
to create a bond. An important
example is carbon atoms, which can
bond to one ancther in chains, rings,
and branching networks to form a
variety of structures, including
synthetic polymers, cils, and the large
molecules essential to life.

215

" See textbox on p. 28 for more detail on the unique properties of water.
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Grade4

Grade8

Grade 12

Forms of Energy: From examples of forms of energy (4) to kinetic energy, potential energy, and
light energy from the sun (8) to nuclear energy and waves (12).

P4.7: Heat (thermal energy),
electricity, light, and sound are forms
of energy.®

P4.8; Heat (thermal energy) results
when substances burn, when certain
kinds of materials rub against each
other, and when electricity flows
though wires. Metals are good
conductors of heat (thermal energy)
and electricity. Increasing the
temperature of any substance requires
the addition of energy.

P4.9: Light travelsin straight lines.
When light strikes substances and
objects through which it cannot pass,
shadows result. When light travels
obliquely from one substance to
another (air and water), it changes
direction.

P4.10: Vibrating objects produce
sound. The pitch of sound can be
varied by changing the rate of
vibration.

P8.8: Objects and substancesin
motion have kinetic energy. For
example, amoving baseball can break
awindow; water flowing down a
stream moves pebbles and floating
objects along with it.

P8.9: Three forms of potential energy
are gravitational, elastic, and
chemical. Gravitational potential
energy changesin asystem asthe
relative positions of objects are
changed. Objects can have elastic
potential energy dueto their
compression, or chemical potential
energy dueto the arrangement of the
atoms.

P8.10: Energy istransferred from
place to place. Light energy from the
sun travels through empty space to
Earth (radiation). Thermal energy
travels from a flame through the metal
of acooking pan to the water in the
pan (conduction). Air warmed by a
fireplace moves around aroom
(convection). Waves, including sound
and seismic waves, waves on water,
and light waves, have energy and
transfer energy when they interact
with matter.

P8.11: A tiny fraction of the light
energy from the sun reaches Earth.
Light energy from the sunis Earth’s
primary source of energy, heating
Earth surfaces and providing the
energy that resultsin wind, ocean
currents, and storms.

P12.8: Molecules that compose matter
are in constant motion (trandlational,
rotational, and vibrational).

P12.9: Energy may be transferred
from one abject to another during
collisions.

P12.10: Electromagnetic waves are
produced by changing the motion of
charges or by changing magnetic
fields. The energy of electromagnetic
waves is transferred to matter in
packets. The energy content of the
packetsis directly proportional to the
frequency of the electromagnetic
waves.

P12.11: Fission and fusion are
reactions involving changesin the
nuclei of atoms. Fission isthe splitting
of alarge nucleusinto smaller nuclei
and particles. Fusion involves joining
of two nucle at extremely high
temperature and pressure. Fusion is
the process responsible for the energy
of the sun and other stars.

216
217
218

8 See footnote on p. 30 for more detail on the Framework’s use of the terms “heat” and “thermal energy.”
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Grade4

Grade8

Grade 12

Energy Transfer and Conservation: From electrical circuits (4) to energy transfer and
conservation of energy (8) to translational, rotational, and vibrational energy of atoms and
molecules, and chemical and nuclear reactions (12).

P4.11: Electricity flowing through an
electrical circuit produces magnetic
effectsin thewires. In an electrica
circuit containing a battery, a bulb,
and a bell, energy from the battery is
transferred to the bulb and the bell,
which in turn transfer the energy to
their surroundings as light, sound, and
heat (thermal energy).

P8.12: Asan object falls, its potential
energy decreases as its speed, and
consequently, its kinetic energy
increases. While falling, some of an
object’ skinetic energy is transferred
to the medium through which it falls,
setting the medium into motion and
heating it. When energy is transferred
from one system to another, the
quantity of energy before transfer
equals the quantity of energy after
transfer.

P8.13: Nuclear reactions take placein
the sun. In plants, light from the sunis
transferred to oxygen and carbon
compounds, which, in combination,
have chemical potential energy
(photosynthesis).

P12.12: Heating increases the
trandationa, rotational, and
vibrational energy of the atoms
composing elements and the
molecules or ions composing
compounds. As the translational
energy of the atoms, molecules, or
ions increases, the temperature of the
matter increases. Heating a sample of
acrystalline solid increases the
vibrational energy of the atoms,
molecules, or ions. When the
vibrational energy becomes great
enough, the crystalline structure
breaks down and the solid melts.

P12.13: The potential energy of an
object on Earth’s surface is increased
when the object’ s position is changed
from one closer to Earth’ s surface to
one further from Earth’s surface.

P12.14: Chemical interactions either
release energy to the environment
(exothermic) or absorb energy from
the environment (endothermic).

P12.15: Nuclear reactions—fission
and fusion—convert matter into
appreciable amounts of energy.

P12.16: Total energy isconserved in a
closed system.

219
220
221
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222

Grade4

Grade8

Grade 12

Motion at the M acroscopic and Molecular Levels: From qualitative descriptions of position and
motion (4) to speed as a quantitative description of motion and graphical representations of speed (8)
to velocity and acceleration as quantitative descriptions of motion and the representation of linear
velocity and acceleration in tables and graphs (12).

P4.12: An object’s position can be
described by locating the object
relative to other objectsor a
background. The description of an
object’ s motion from one observer’s
view may be different from that
reported from a different observer's
view.

P4.13: An object isin motion when
its position is changing. The speed of
an object is defined by how far it
travels divided by the amount of time
it took to travel that far.

P8.14: An object’s motion can be
described by its speed and the
directioninwhich itismoving. An
object’ s position can be measured and
graphed as afunction of time. An
object’ s speed can be measured and
graphed as afunction of time.

P12.17: The motion of an object can
be described by its position and
velocity as functions of time, and by
its average speed and average
acceleration during intervals of time.

223
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Grade4

Grade8

Grade 12

For ces Affecting M otion: From the association of changes in motion with forces and the
association of objects falling toward Earth with gravitational force (4) to qualitative descriptions of
magnitude and direction as characteristics of forces, addition of forces, contact forces, forces that act
at adistance, and net force on an object and its relationship to the object’ s motion (8) to quantitative
descriptions of universal gravitational and electric forces, and relationships among force, mass, and

acceleration (12).

P4.14: The motion of objects can be
changed by pushing or pulling. The
size of the changeisrelated to the size
of the force (push or pull) and the
weight (mass) of the object on which
the forceis exerted. When an object
does not move in response to a push
or apull, it is because another push or
pull (friction) is being applied by the
environment.

P4.15: Earth pulls down on all objects
with aforce called gravity. With afew
exceptions (helium filled balloons),
objectsfall to the ground no matter
where on Earth the object is.

P8.15: Some forces between objects
act when the objects are in direct
contact or when they are not touching.
Magnetic, electrical, and gravitational
forces can act at a distance.

P8.16: Forces have magnitude and
direction. Forces can be added. The
net force on an object isthe sum of all
the forces acting on the object. A non-
zero net force on an object changes
the object's motion; that is, the

object’ s speed and/or direction of
motion changes. A net force of zero
on an object does not change the
object’s motion; that is, the object
remains at rest or continues to move at
aconstant speed in a straight line.

P12.18: The motion of an object
changes only when anet forceis

applied.

P12.19: The magnitude of
acceleration of an object depends
directly on the strength of the net
force and inversely on the mass of the
object. Thisrelationship (e=F.«/m) is
independent of the nature of the force.

P12.20: Whenever one object exerts
force on another, aforce equal in
magnitude and oppositein direction is
exerted by the second object back on
the first object. In closed systems,
momentum is the quantity of motion
that is conserved. Conservation of
momentum can be used to help
validate the relationship a=F,e/m.

P12.21: Gravitationisauniversa
atractive force that each mass exerts
on any other mass. The strength of the
gravitational force between two
masses is proportional to the masses
and inversely proportional to the
square of the distance between them.

P12.22: Electric forceisauniversal
force that exists between any two
charged objects. Opposite charges
attract while like charges repel. The
strength of the electric forceis
proportional to the magnitudes of the
charges and inversely proportional to
the sguare of the distance between
them. Between any two charged
particles, the electric force isvastly
greater than the gravitational force.

224
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Table 7. Physical Science Content Boundariesfor Grades4, 8, and 12

Grade4

| Grade8

\ Grade 12

Properties of Matter (PM)
P4.PM 1: Common objects, solid | P8.PM 1: Common objects, solid | P12.PM1: Elements and
and liquid materials found in and liquid materials found in compounds listed above
children’s daily lives. children’s daily lives.
g Exclusions: P12.PM2: Mixtures of those
= EXClUSons. _ P8.PM2: Some common gases. | elements and compounds,
P4.PM2: In general, avoid oxygen, carbon dioxide, air, water | including solutions
| unusua materials and vapor, common smells, and
mixtures such as mud that volatile liquids
cannot be clearly classified as
solid or liquid.
P4.PM 3: Qualitative descriptions | P8.PM 3: Qualitative descriptions | P12.PM 3: Quantitative measures
using common properties: solid of properties solids, liquids, and of linear dimensions, mass,
and liquid, color names, stretchy, | gases volume, density, melting point,
springy, etc. boiling point using standard
. laboratory instruments
P8.PM 4. Quantitative measures
P4.PM 4: Quantitative linear of mass, volume, and linear
measures, using rulers or meter measures, accurate to tenthsof g, | P12.PM4: Classification of
o | sticks, incmand m. mL, cm., using standard elements as metals or non-metals
*g‘ measuring instruments, including
c _ , triple beam balances ) L
5 | P4PM5: Volume measures using P12.PM5: Qualitative
4 | repeated cubes or measuring cups, _ descriptions of other chemical
S |inmLorlL. P8.PMS: Calculated measures of | 4nq physical properties: limited to
g density in g/mL conductivity of heat and
% P4.PM 6: Weight (mass) electricity, solubility
= | measures or qualitative
% comparisons using spring scales Exclusions:
or double pan balancesin g or kg. - S
= P12.PM6: Classification of
Exclusions: materials as pure substances
P4.PM 7: Volume measures or mixtures
using cm3
P4.PM 8: Newtons
(especially since we say that
the weight/mass distinction is
inappropriate at thislevel)
P4.PM9: Simple bar graphs and P8.PM 6: Drawings of atomsand | P12.PM7: Chemical formulas
tables, pictures or diagrams. mol ecul es showing how atoms and equations involving elements
&8 are linked to make molecules (not | and compounds listed above
§=) internal structure of atoms).
o P12.PM8; Drawings of atoms
% P8.PM 7: Graphs and tables and molecules
g- Exclusions: P12.PM9: Graphs and tables
@ P8.PM 8: Chemical formulas
and equations

DRAFT: Do not cite, reproduce, or distribute.

14




229

DRAFT Science Assessment and Item Specifications for the 2009 NAEP (01.18.06)

Grade4

| Grade8

Grade 12

Properties of Matter (PM)

Technical Vocabulary

P4.PM 10: Generally limited to
vocabulary in content statements.

P8.PM9: Generally limited to
vocabulary in content statements.

P12.PM 10: Generally limited to
vocabulary in content statements,
with the addition of Elements on
the first two rows of the Periodic
Table (Nos. 1-18)

P12.PM 11: Other common
elements: iron, gold, silver,
mercury, iodine, potassium

P12.PM 12: Common compounds
of those elements

Clarification

230
231
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Grade4

| Grade8

Grade 12

Changesin Matter (CM)

P4.CM 1: Changes of state at the
macroscopic level: melting,
freezing, evaporation,
condensation

P4.CM 2: Other physical changes
at the macroscopic level: thermal
expansion, solution, diffusion

P4.CM 3: Familiar Chemical
Changes: cooking, formation of
carbon dioxide from baking

P8.CM 1: Use of the particulate
nature of matter to explain
physical changes (changes of
state including sublimation,
diffusion, thermal expansion,
solution) at the molecular/atomic
level

P8.CM 2: Chemical changes that
illustrate evidence that a change is
chemical rather than physical.

P12.CM 1: Classification of
chemical changes as oxidation,
acid-base (neutralization),
synthesis.

P12.CM 2; Photosynthesis
included as a synthesis reaction.

P12.CM 3: Respiration included
as an oxidation reaction

P12.CM4: Use of particulate

B powder baking soda, yeast P8.CM 3: Differences between nature of matter to explain
= physical and chemical changes chemical changes
% P4.CM 4: Temperature changes (physical Changes are reversible;
L>|j associated with physical and chemical changesinvolve P12.CM5; Use of particulate
chemical changes changesin color, etc.) nature of matter to explain the
difference between physical and
P4.CM5: Familiar relationships P8.CM4: Qualitative measures of | chemical changes
between changes in matter and temperature change and thermal
heating and cooling energy associated with chemical P12.CM 6: Quantitative measures
and physical changes of temperature and thermal
energy changes associated with
P8.CM5: Distinction between physical and chemical changes
chemical/physical changes that
result in taking energy from the
surroundings and those that add
energy to the surroundings.
P4.CM6: Beakers, graduated P8.CM6: Caorie as a measure of
» | cylinders, balances, thermometers | thermal energy and stored
'g chemical energy
£ | PACM7: Metric units of weight
;JS (mass), volume, and temperature
c

DRAFT: Do not cite, reproduce, or distribute.

16




DRAFT Science Assessment and Item Specifications for the 2009 NAEP (01.18.06)

233
] Grade 4 | Grade8 Grade 12
Changesin Matter (CM)
P4.CM8: Chemical symbolsfor P8.CM 7: Structural diagrams P12.CM7: Symbols and
common substances such as water structural diagrams for elements
and carbon dioxide P8.CM 8: Chemical formulasfor | and compounds of importancein
familiar chemical reactions Life and Earth and Space
P4.CM9: Diagrams representing Sciences such as sugars and earth
particles in solids, liquids, and P8.CM9: Diagramsrepresenting | materials (minerals)
gases particles and forces among them
&2 in solids, liquids and gases P12.CM8: Chemical equations
O | P4.CM10: Bar graphs for oxidation, neutralization, and
3§ P8.CM 10: Diagrams representing | synthesis reactions of importance
g the atomic structure of simple in Life and Earth and Space
< molecules such as water Sciences.
r?é- P8.CM 11: Interpretation of P12.CM9: Diagramsillustrating
chemical symbols and formulas the structures of atoms, the outer
electrons and the nuclei
P8.CM 12: Line graph
P12.CM 10: Simple calculations
relating temperature change and
thermal energy measured in
calories
P4.CM11: See principles
<. | outlined in introductory statement
@ | onboundariesfor Physical
% Science
o
>
3
£
3
|_
c
i=l
g
3
O
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Grade4

Grade 8

Grade 12

Energy Transfer and Conservation (ET)

Examples

P4.ET1: Energy transfer in
familiar contexts (systems)

P4.ET2: Electrical circuits:
transfer of chemical to electrical
to heat, light, sound, motion (in
wires, light bulbs, buzzers, bells,
fans); qualitative relationships
between batteries and light bulbs.

P4.ET3: Burning organic
substances (wood, wax, sugar,
nuts): transfer of chemical energy
to heat, light and sound
(connection to P4.8); qualitative
rel ationships between amount of
fuel and heat/light produced

P4.ET4: Human body: transfer of
chemical energy (food) to heat
and motion (connection to L4.2)

P8.ET1: Energy transfer in
familiar contexts (systems)

P8.ET2: Falling objects: transfer
of gravitational potential energy
to kinetic energy and heat
produced by friction.

P8.ET3: Transfer of energy from
aperson lifting an object to
gravitational potential energy.

P8.ET4: Power plants: transfer of
gravitational potential energy
(water power) to mechanical
energy to electrical energy;
transfer of chemical energy from
burning coal or natural gasto
mechanical and to electrical
energy

P8.ET5: Plants: transfer of light
energy to chemical energy

P8.ET6: Qualitative relationships
between the mass of combustible
materials and the quantity of heat
energy produced. (For example,
when candles are used to heat
water, the wax “disappears,” and
the temperature of the water
increases. The mass of wax that
burnsisdirectly related to the
increase in the temperature of the
water.)

P12.ET1: Phenomenathat are
used to support atheory of matter
composed of small particlesin
motion including those from
“Properties of Matter” and
“Changesin Matter,” aswell as
sublimation, Brownian motion,
and diffusions of a soluble solid in
aliquid.

P12.ET2: Cdculations of the
temperature of a mixture of two
liquids of different temperatures
and volumes

P12.ET3: Qualitative analysis of
the transfer of potential to kinetic
energy as abody falls; transfer of
Kinetic energy to heat.

| nstruments

P4.ET5: Comparison of calorie
content of familiar foods

P8.ET7: Comparison of calorie
expenditures of various physical
activities

P12.ET4: Definition of acalorie
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Grade4

Grade8

Grade 12

Energy Transfer and Conservation (ET)

P8.ET8: Diagramsillustrating
trandlational, rotational, and
vibrational motion of objects

P8.ET9: Use of arrowsto
represent forces among molecules

P12.ET5: Graphical
representation of changes of state
aswater is heated at a constant
rate

P12.ET6: Use of energy transfer
and conservation to explain
graphical representations of phase
change as heat isadded to a
system at a constant rate

P12.ET7: Mathematica

reasoning and representations:
Calorimetry: Calculation of
changes in temperatures of
objectsin closed systems

Quialitative comparisons of
changesin potential energy
with corresponding changes
in kinetic energy.

Calculations of gravitational
potential energy of an object
and the changein
gravitational potential when
the distance of the object
from earth’s surface is
increased.

Calculations of an object’s
kinetic energy and speed as
the object’ s gravitational
potential energy decreases.

P4.ET6: Asoneform of energy
“disappears’ from a system, other
forms of energy “appear.”

P4.ET7: Note connections
between this subtopic and content
statement L4.2

P8.ET10: Asthe quantity of one
form of energy in a system
decreases the quantity of other
forms of energy increases

P12.ET8: Kinetic molecular
theory of matter is based on
observations and phenomena of
the type listed above and
measurements noted below.®
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° Thisis a specific instance of a set of boundaries that illustrates a big idea.
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Grade4

Grade8

Grade 12

Motion at the M acr oscopic and Molecular Levels(MM)

P4.MM 1: Qualitative
comparisons of speed by
comparing distances traveled in
equal times or timesto travel
equal distances.

P4.MM 2: Position relative to
reference object

P8.MM 1: Qudlitative
comparisons of speedsin different
parts of ajourney.

P8.M M 2: Descriptions of the
motion of one object relative to
another where both are moving
along astraight line.

P8.MM 3: Change in speed or

P12.MM1: Qudlitative
comparisons of average speeds
and average accelerationsin
different parts of ajourney and/or
for different objects.

P12.MM2: Use of vectorsto
describe the velocity of an object
moving at several pointsalong a
curvilinear motion.

P4.MM6: Position and distance
scales

P4.MM 7: Measuring distance
with aruler

% direction for particular intervals of
ol time P12.MM3: Interpretation and
% description of the motion of the
|.|>j object, given velocity vectors
along acurvilinear path
P12.MM4: Curvilinear paths can
be circular or parabolic or
dliptical or smply “around a
corner.”
Exclusions:
P12.M M 5: Independence of
horizontal and vertica
motion for projectiles.
P4.MM 3: Clocks P8.M M 4: Reading speedometers
P4AMM4: Time (at an instant) as
read on aclock
£ | PAMMS: Time (interval) as
© found by subtracting the first
% clock reading from the final clock
4 | reading
[
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Grade4

\ Grade 8

Grade 12

Motion at the M acroscopic and Molecular Levels (MM)

Representations

P4.MM 8: Pictures of positions of
objects at different timesrelative
to reference objects or distance
scales

P8.MM5: Tables and graphs of
position vs. time (clockreadings)
and of speed vs. time
(clockreadings)

P12.MM6: Tables and graphs of
position vs. time and of speed vs.
time (same big ideas as at 8"
grade but with more complex
motions such as speeds that
change moment by moment or
severa different intervals of
different constant speeds)

P12.MM7: Pictures of projectiles

P12.M M 8: Calculations of
average speeds and average
accelerations for different parts of
ajourney.

Technical Vocabulary

P4.MM 9: Reference object
PAMM10: Time

P4.MM 11: Distance (from one
position on areference scale to

another)

P4.MM 12: Speed as “fastness’

P8.MM 6: Average speed

P12.MM9: Instantaneous speed
as “an average speed determined
for avery short timeinterval”

P12.MM 10: Average velocity as
“avector including magnitude and
direction”

P12.MM 11: Average acceleration

Clarification

242
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Grade4

\ Grade 8

\ Grade 12

For ces Affecting M otion (FM)

Examples

P4.FM 1: Toys move across
horizontal surfaces, and if no
force keeps them going, they slow
down at rates that depend on the
kind of surface.

P4.FM 2: Dropped objectsfalling
to the ground.

P4.FM 3: Heavier objects stretch
or compress a spring-like object
more than alighter object does.

P4.FM 4: Passive aswell as active
forces, e.g., support forceby a
table holding an object up.

P8.FM 1: Low friction surfaces
such as air hockey puckson air,
block of ice on smooth table
surface, low friction wheeled cart.

P12.FM1: Two different masses
(different densities but equal
volumes) fall from equal heights
in approximately equal times.

P12.FM 2: Some objectsfall more
slowly than others when they have
substantial air resistance (e.g.
parachute)

P12.FM 3: Doing the same thing
(e.g. rubbing or sticking) to each
of two identical objects can create
equal electrical charge on the two
objects.

P12.FM 4: When two objects with
the same kind of electrical charge
are brought near each other, they
move away from each other

P12.FM5; When two objects with
different kinds of electrical charge
are brought near each other, they
move toward each other

P12.FM6: The closer two charged
objects are, the greater the
evidence of attraction or
repulsion; when the chargeis
reduced on one or both objects,
the attraction or repulsion is
reduced.

P12.FM7: Objects (e.g. pieces of
paper, foil) might be caused to
move away from atable or floor
when an electrically charged
object is brought above them.

Instruments

P4.FM5: Push or pull can be
measured by the relative stretch or
compression of an object (e.g. a
spring or rubber ring)

P4.FM6: Equal arm balances can
be used to compare masses.

P8.FM 2: Spring scales can be
used to pull objects across
different surfaces.
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Grade4

\ Grade 8

Grade 12

For ces Affecting M otion (FM)

Representations

P8.FM 3: Force diagrams with
arrows to represent the relative
magnitude and direction of forces
acting on an object of interest.

P12.FM 8: *Force diagrams on
each of two interacting objects;
force diagrams with relative
magnitudes can be used to
compare the forces acting on each
object of the pair

P12.FM9: *Use of force diagrams
and equations qualitatively to
show how two different density
objects can fall in approximately
equal times, if air resistance is not
amajor factor, and explanations
of how major air resistance on an
object affects the force diagram
and resulting motion of the object.

P12.FM 10: *a=Fnet/m to predict
or compare the accelerations of
objects, their masses, or the net
force acting on them.

P12.FM11: *Mv = mV to predict
relative motions or relative
masses of two interacting objects
adong astraight line, but not
momentum in two directions.

P12.FM 12: *When the distance
between two masses is doubled or
tripled, the magnitude of the
gravitational force is one quarter
or one ninth.

P12.FM 13: *When the distance
between two chargesis doubled
(or tripled), the magnitude of the
electrical forceis one quarter (or
one ninth)

Technical Vocabulary

P4.FM7: Force as“apush or
pull”

P4.FM8: Weight (mass) as
measures of heaviness. Inertial
resistance to motion.

P4.FM9: Friction as“arubbing
force”

P8.FM 4. Net force

P8.FM5: Magnitude and direction
of force

P8.FM 6: Magnetic force, static
electrical force, gravitational force

P12.FM 14: Attract and repel

P12.FM 15: Momentum
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Grade4

\ Grade 8

Grade 12

For ces Affecting M otion (FM)

Clarification

P4.FM 10: Include the
relationships
More force applied to one
movable object will make it
move (speed up) faster.

will move (speed up) more
slowly.

up) the same as each other,
one will need to push/pull
harder on the heavier object

With the same force applied
to two objects the heavier one

To get aheavier object and a
lighter object to move (speed

P8.FM 7: Resolution of forces on
an object should be confined to
horizontal or vertical surfaces.

P8.FM 8: This subtopic includes a
qualitative understanding of
Newton’s first two laws of motion
applied to an object.

P12.FM 16: Resolution of forces
should be confined to horizontal,
vertical, or inclines of 30 or 45
degrees.

P12.FM 17: Resolution of
orthogonal forces should result in
avector at roughly 30, 60 or 45
degreesrelative to one of the
“first” vector.

P12.FM 18: This subtopic
includes all three of Newton's
Laws of Motion applied to two
interacting objects.

P12.FM19: In the above
mathematical

rel ationships/representations
above (denoted with *), students
having a qualitative or semi-
guantitative understanding of the
results is more important than
calculating particular quantities

246
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Life Science

Life science principles are essential for understanding the functioning of living organisms
and their interactions with their environment. In addition, life science principles are
crucial for understanding advances in science and technology and appreciating their
implications for social and personal decisions. Take, for instance, the following
discoveries of the past 25 years, al of which rely on understanding basic ideasin life
science: the publication of the human genome and genomes of other organisms, the
ability to monitor the oxygen level of specific regions of the brain, and the depletion of
the ozone layer by human activities. The mediaregularly ask questions related to health
and disease, such as what constitutes a healthy lifestyle and how to deal with the
mutability of bacteria, viruses, and parasites that thwart efforts to develop antibiotics and
vaccines. While science does not currently provide complete answers to questions like
these, it provides the tools for understanding and addressing them.

Understanding principlesin Life Science isinextricably linked with understanding
principlesin Physical Science and Earth and Space Science. “Living organisms are made
of the same components as al other matter, involve the same kind of transformations of
energy, and move using the same basic kinds of forces’” (AAAS, 1989, p. 59).

Understanding living systems and their interactions with their environment requires not
only understanding various levels of biological organization—molecules, cells,
tissues/organs, organisms, populations, ecosystems—nbut also understanding interactions
(including the transfer of information) within and across these levels and how they can
change over time. For example, understanding how populations of organisms change
over timeis greatly facilitated by understanding the changes that occur in DNA
molecules. These changes are manifest in an organism’ straits and may affect its ability to
survive and reproduce, which can lead to changing proportions of traitsin populations
over time.

Assummarized in Table 8, the Life Science content statements are sorted into topics and
subtopics that, collectively, address structure, function, and patterns of change in living
systems. However, any attempt to organize Life Science by alinear set of topics and
subtopics, such as those listed below, is somewhat arbitrary. The overlap isevident in
Table 9, Life Science Content Statements for Grades 4, 8, and 12.
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Table 8. Life Science Content Topics and Subtopics

Structuresand Functions of Living Systems

Organization and Devel opment
Matter and Energy Transformations
Interdependence

Changesin Living Systems

Heredity and Reproduction
Evolution and Diversity

Structures and Functions of Living Systems

This topic comprises the ways that living systems are organized and how living systems
carry out their life functions. Reasoning about living systems often involves relating
different levels of organization, from the molecule to the biosphere, and understanding
how living systems are structured at each level. The functions of living systems at these
levels, particularly how they transform matter and energy, are included, as are the
interactions among living systems and how they depend on one another to carry out their
functions.

Organization and Development

Aswas pointed out early in the 20" century, “Long ago it became evident that the key to
every biological problem must finally be sought in the cell; for every living organismiis,
or at some time has been, acell” (Wilson, 1928, p. 1). All living things are made up of
cells, whose work is carried out by many different types of molecules. Cellular and
molecular biology has the power to explain awide variety of phenomenarelated to the
organization and development of living systems, such as synthesis and reproduction, the
extraction of energy from food, and regulation. Living organisms have a variety of
observabl e features that enable them to obtain food and reproduce (grade 4). The
functions of living organisms are carried out at different levels of organization. In
multicellular organisms, cells form organs and organ systems (grade 8). Organisms are
subsystems of populations, communities, ecosystems, and the biosphere. Cellular
processes are carried out by molecules, particularly proteins. These processes are
regulated, both internally and externally, by the environments in which cells exist,
including local environments that lead to cell differentiation during the devel opment of
multicellular organisms (grade 12).

Matter and Energy Transformations

Matter and energy transformations are involved in all life processes, such as
photosynthesis, growth and repair, cellular respiration, and the need of living systems for
continual input of energy.
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All single-celled and multicellular organisms have the same basic needs. water, air, a
source of energy and materials for growth and repair, waste disposal, and conditions for
growth and reproduction (grade 4). In terms of matter and energy transformations, the
source of food is the distinguishing difference between plants and animals (see textbox
below).

Clarification: “Food”

Both plants and animals require a source of energy and materials for growth and repair,
and both plants and animals use high-energy compounds as a source of fuel and
building material. Plants are distinguished from animals by the fact that plants have the
capability (through photosynthesis) to take energy from light to form higher energy
molecules containing carbon, hydrogen, and oxygen (carbohydrates) from lower
energy molecules.

Plants are similar to animals in that, to make other molecules for their growth and

reproduction, they use the energy that is released as carbohydrates react with oxygen.
In making these other molecules, plants use breakdown products of carbohydrates,
along with minerals from the soil and from fertilizers (known colloquially as “plant
foods’), as building blocks. Plants also synthesize substances (carbohydrates, fats,
proteins, vitamins) that are components of foods eaten by animals.

So, while synthesis and breakdown are common to both plants and animals,
photosynthesis (the conversion of light energy into stored chemical energy) is unique
to plants, making them the primary source of energy for all animals.

Basic needs are connected with the processes of growth and metabolism. Organisms are
made up of carbon-containing molecules; these molecules originate in molecul es that
plants assemble from carbon dioxide and water. In converting carbon-containing
molecules back to water and carbon dioxide, organisms release energy, making some of it
available to support life functions (grade 8). Matter and energy transformations in cells,
organisms, and ecosystems have a chemical basis (grade 12). The following textbox on
the flow of energy through an ecosystem illustrates principles that cut across the content
areas.

| nterdependence

The species interaction in an ecosystem, the dynamics of population growth and decline,
the use of resources by multiple species, their impact on their environment, and the
complex interactions among all of these have enormous consequences to the survival of
all species, including humans.

All animals and most plants depend on both other organisms and their environments for
their basic needs (grade 4). Organisms interact with one another in avariety of ways,
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such as producer/consumer, predator/prey, and parasite/host. In addition to competition
among organisms, the size of populations depends on environmental conditions, such as
the availability of water, light, and other suitable conditions (grade 8). Ecosystems are
characterized by both stability and change, on which human populations can have an
impact (grade 12).

Changesin Living Systems

This topic comprises how organisms reproduce, how they pass genetic information to
their offspring, and how genetic information can change as it passes from one generation
to the next. Over time, those changes can affect the size, diversity, and genetic
composition of populations (i.e., the process of biological evolution).

Heredity and Reproduction

Organisms closely resemble their parents; their slight variations can accumul ate over
many generations and result in more obvious differences between organisms and their
ancestors. Recent advances in biochemistry and cell biology have increased
understanding of the mechanisms of inheritance and enabled the detection of disease-
related genes. Such knowledge is making it possible to design and produce large
guantities of substances to treat disease and, in years to come, may lead to cures.

All plants and animals (and one-celled organisms) develop and have the capacity to
reproduce (grade 4). Reproduction, whether sexually or asexually, is arequirement for
the survival of species. Characteristics of organisms are influenced by heredity and
environment (grade 8). Genetic differences among individuals and species are
fundamentally chemical. Different organisms are made up of somewhat different
proteins. Reproduction involves passing the DNA with instructions for making these
proteins from one generation to the next with occasional modifications (grade 12).

Evolution and Diversity

Earth’ s present-day life forms have evolved from common ancestors reaching back to the
simplest one-celled organisms almost four billion years ago. Modern ideas about
evolution provide a scientific explanation for three main sets of observable facts about
life on Earth: the enormous number of different life forms that exist; the systematic
similarities in anatomy and molecular chemistry seen within that diversity; and the
sequences of changesin fossils found in successive layers of rock that have been formed
over more than abillion years. The modern concept of evolution, including natural
selection and common descent, provides a unifying principle for understanding the
history of life on Earth, relationships among all living things, and the dependence of life
on the physical environment. The concept is so well established that it provides a
framework for organizing most of biologica knowledge into a coherent picture.

All organisms are similar to and different from other organisms, and some kinds of
organisms and individuals have advantages in particular environments (grade 4).
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Preferential survival means that differences among individuals in a population affect their
ability to survive and reproduce. Classification reflects degrees of relatedness among
species (grade 8). Evolution is the consequence of natural selection and differential
reproduction. Natural selection and common descent provide the scientific explanation
for the history of life on Earth as depicted in the fossi| record and as indicated by
anatomical and chemical similarities evident within the diversity of existing organisms
(grade 12).
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Table 9. Life Science Content Statementsfor Grades4, 8, and 12

Grade 4

Grade8

Structures and Functionsof Living Systems

Grade 12

Organization and Development: From basic needs of organisms (4) to the levels of organization of
living systems (8) to the chemical basis of living systems (12).

L4.1: Organisms need food,'® water,
and air; away to dispose of waste;
and an environment in which they can
live.

L 8.1: All organisms are composed of
cells, from just one cell to many cells.
About two thirds of the weight of cells
is accounted for by water, which gives
cellsmany of their properties. In
multicellular organisms, speciaized
cells perform specialized functions.
Organs and organ systems are
composed of cells and function to
serve the needs of cellsfor food, air,
and waste removal. The way in which
cellsfunctionissimilar in al living
organisms.™

L 8.2: Following fertilization, cell
division produces a small cluster of
cells that then differentiate by
appearance and function to form the
basic tissues of an embryo.

L12.1: Living systems are made of
complex molecules (including
carbohydrates, fats, proteins, and
nucleic acids) that consist mostly of a
few elements, especially carbon,
hydrogen, oxygen, nitrogen, and
phosphorous.

L12.2: Céllular processes are carried
out by many different types of
molecules, mostly proteins. Protein
molecules are long, usually folded
chains made from combinations of
amino-acid molecules. Protein
molecules assemble fats and
carbohydrates and carry out other
cellular functions. The function of
each protein molecule depends on its
specific sequence of amino acids and
the shape of the molecule.

L 12.3: Céllular processes are
regulated both internally and
externally by environmentsin which
cells exit, including local
environments that lead to cell
differentiation during the development
of multicellular organisms. During the
development of complex multicellular
organisms, cell differentiation is

regul ated through the expression of
different genes.

401

10 See p. 51 for aclarification textbox on “Food.”
™ Human organs and organ systems are subsumed under this content statement. See Table 10, Life Science

Content Boundaries, for details.

DRAFT: Do not cite, reproduce, or distribute.

30




DRAFT Science Assessment and Item Specifications for the 2009 NAEP (01.18.06)

Grade4

Grade8

Structures and Functionsof Living Systems
Matter and Energy Transformations. From the basic needs of organisms for growth (4) to therole
of carbon compounds in growth and metabolism (8) to the chemical basis of matter and energy

transformation in living systems

12).

Grade 12

L 4.2: Organisms have basic needs.
Animalsrequire air, water, and a
source of energy and building material
for growth and repair. Plants also
reguire light.

L 8.3: Cells carry out the many
functions needed to sustain life. They
grow and divide, thereby producing
more cells. Food is used to provide
energy for the work that cells do and
is asource of the molecular building
blocks from which needed materials
are assembled.

L 8.4: Plants are producers—they use
the energy from light*? to make sugar
molecules from the atoms of carbon
dioxide and water. Plants use these
sugars, along with minerals from the
soil, to form fats, proteins, and
carbohydrates. Thisfood can be used
immediately, incorporated into the
plant’s cells as the plant grows, or
stored for later use.

L 8.5: All animals, including humans,
are consumers, which obtain food by
eating other organisms or their
products. Consumers break down the
structures of the organisms they eat to
make the materials they need to grow
and function. Decomposers, including
bacteria and fungi, use dead
organisms or their products for food.

L 12.4: Plants have the capability
(through photosynthesis) to take
energy from light to form higher
energy sugar molecules containing
carbon, hydrogen, and oxygen from
lower energy molecules. These sugar
molecules can be used to make amino
acids and other carbon-containing
(organic) molecules and assembled
into larger molecules with biological
activity (including proteins, DNA,
carbohydrates, and fats).

L12.5: The chemica el ements that
make up the molecules of living
things pass through food webs and are
combined and recombined in different
ways. At each link in an ecosystem,
some energy is stored in newly made
structures, but much is dissipated into
the environment as heat. Continual
input of energy from sunlight keeps
the process going.

L 12.6: As matter cycles and energy
flows through different levels of
organization of living systems—cells,
organs, organisms, communities—and
between living systems and the
physical environment, chemical
elements are recombined in different
ways. Each recombination resultsin
storage and dissipation of energy into
the environment as heat. Matter and
energy are conserved in each change.

12 The phrase “they use the energy from light” does not imply that energy is converted into matter or that

energy islost. See pp. 96-97 for more on energy as Crosscutting Content.
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402

Grade4

Grade8

Grade 12

Structures and Functions of Living Systems
I nter dependence: From the interdependence of organisms (4) to specific types of interdependence
(8) to consequences of interdependence (12).

L 4.3: Organisms interact and are
interdependent in various ways
including providing food and shelter
to one another. Organisms can survive
only in environmentsin which their
needs are met. Some interactions are
beneficial; others are detrimental to
the organism and other organisms.

L 4.4: When the environment changes,
some plants and animals survive and
reproduce; others die or move to new
locations.

L 8.6: Two types of organisms may
interact with one another in several
ways: They may beina
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.

L 8.7: The number of organisms and
populations an ecosystem can support
depends on the biotic resources
available and abiotic factors, such as
quantity of light and water, range of
temperatures, and soil composition.

L 8.8: All organisms cause changesin
the environment where they live.
Some of these changes are detrimental
to the organisms or other organisms,
whereas others are beneficial.

L 12.7: Although the interrel ationships
and interdependence of organisms
may generate biological communities
in ecosystems that are stable for
hundreds or thousands of years,
ecosystems always change when
climate changes or when one or more
new species appear as a result of
migration or local evolution. The
impact of the human species has
major consequences for other species.
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403

Grade4

Grade8

Grade 12

Changesin Living Systems

Heredity and Reproduction: From life cycles (4) to reproduction and the influence of heredity and
the environment on an offspring’ s characteristics (8) to the molecular basis of heredity (12).

L4.5: Plants and animals have life

life and develop into adults,
reproduce, and eventually die. The
details of thislife cycle are different
for different organisms.

L 4.6: Plants and animals closely
resemble their parents.

cycles. Both plants and animals begin

L 8.9: Reproduction is a characteristic
of al living systems; because no
individual organism lives forever,
reproduction is essential to the
continuation of every species. Some
organisms reproduce asexually. Other
organisms reproduce sexually.

L 8.10: The characteristics of
organisms are influenced by heredity
and environment. For some
characteristics, inheritance is more
important; for other characteristics,
interactions with the environment are
more important.

L 12.8: Hereditary information is
contained in genes, located in the
chromosomes of each cell. A human
cell contains many thousands of
different genes. One or many genes
can determine an inherited trait of an
individual, and a single gene can
influence more than one trait.

L12.9: The genetic information
encoded in DNA molecules provides
instructions for assembling protein
molecules. Genes are segments of
DNA molecules. Inserting, deleting,
or substituting DNA segments can
alter genes. An altered gene may be
passed on to every cell that develops
from it. The resulting features may
help, harm, or have little or no effect
on the offspring’ s successin its
environment.

L 12.10: Sorting and recombination of
genesin sexua reproduction resultsin
agreat variety of possible gene
combinations from the offspring of
any two parents.

404
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405
Grade4 Grade 8 Grade 12
Changesin Living Systems
Evolution and Diversity: From differences and adaptations of organisms (4) to preferential survival
and relatedness of organisms (8) to the mechanisms of evolutionary change and the history of life on
Earth (12).
L4.7: Different kinds of organisms L 8.11: Individua organisms with L 12.11: Modern ideas about evolution
have characteristics that enablethem | certain traitsin particular (including natural selection and
to survivein different environments. environments are more likely than common descent) provide a scientific
Individuals of the samekind differin | othersto survive and have offspring. explanation for the history of life on
their characteristics, and sometimes When an environment changes, the Earth as depicted in the fossil record
the differences give individuals an advantage or disadvantage of and in the similarities evident within
advantage in surviving and characteristics can change. Extinction | the diversity of existing organisms.
reproducing. of a species occurs when the
environment changes and the L12.12: Molecular evidence
characteristics of a species are substantiates the anatomical evidence
insufficient to allow survival. Fossils | for evolution and provides additional
indicate that many organisms that detail about the sequence in which
lived long ago are extinct. Extinction | various lines of descent branched.
of speciesis common; most of the
species that have lived on the Earth no | L12.13: Evolution is the consequence
longer exist. of theinteractions of (1) the potential
for a species to increase its numbers,
L 8.12: Similarities among organisms | (2) the genetic variability of offspring
are found in anatomical features, due to mutation and recombination of
which can be used to infer the degree | genes, (3) afinite supply of the
of relatedness among organisms. In resources required for life, and (4) the
classifying organisms, biologists ensuing selection from environmental
consider details of internal and pressure of those organisms better
external structuresto be more able to survive and leave offspring.
important than behavior or general
appearance.
406
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Table 10. Life Science Content Boundariesfor Grades4, 8, and 12

Grade4

Grade 8

Grade 12

Organization and Development of Living Systems (OD)
L4.0D1: Common plants and L8.0OD1: Vertebrate animals, L12.0D1: Celsand cellular
animalsthat liveon land or in including fish processesin plants and animals
water, including vertebrates and
insects L8.0D2: Terrestrial and aquatic
E plants
2 | L4.0D2: Food sources for
L% common animals L 8.0D3: Fungi, bacteria, protests
L4.0D3: Ways that common Exclusions:
animals eliminate waste L8.0D4: Specific organs and
organ systems of
invertebrates
L8.0D5: Using microscopes to L 12.0D2: Relative scale of
2 seecellsin plant and animal organs, tissues, cells,
o tissues and cell division biomolecules (not directly
% measured)
7 L 8.0D6: Relative scale of organs,
£ tissues, cells (not directly
measured)
L8.0D7: Drawings and L12.0D3: Representations of
photographs of organs and cellsof | large biomolecules as polymers of
vertebrates simpler subunits
0 L 8.0D8: Drawings and L12.0D4: Structural formulas
5 photographs of developing monomers of fats, proteins,
" embryos carbohydrates (amino acids, fatty
< acids, smple sugars)
% L 8.0D9: Drawings showing
= movement of food, water, oxygen,
r?é' waste through land plants and
vertebrates
Exclusions:
L 8.0D10: Drawings of parts
of cels
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Grade4

| Grade8

| Grade 12

Organization and Development of Living Systems (OD)

Technical Vocabulary

Exclusions:

L4.0D4: Cellsand cellular
functions

L8.0D11: Specific organs and
organ systems of vertebrates:
digestive system (esophagus,
stomach, intestines, colon);
respiratory system (lungs, gills);
circulatory system (heart, arteries,
veins, capillaries); nervous system
(brain, spina chord, nerves);
skeletal system (spine, bones);
skin; urinary system (kidneys,
bladder)

L 8.0D12: Parts of terrestrid
plants: roots, stems, leaves,
flowers, seeds

Exclusions:
L8.0D13: Cellular
organelles; stagesin
development of embryos

L 12.0D5: Generally limited to
language of content statements

Exclusions:
L 12.0D6: For example,
names of cellular organelles
or primary, secondary,
tertiary structure of proteins,
names and functional groups
of amino acids

Clarification

L4.0D5: Anaysis of examples of
plants and animals that are
familiar to them, explaining how
they fulfill four key needs:

Food

Air

Waste disposal

Environmental conditions

Exclusions:
L4.0D6: Internal structures
and functionsin plants and
animals

L 8.0D14: How the structures of
organisms work together to fulfill
its needs and on the differentiation
of cellsthat occurs during growth
and devel opment

L8.0D15: How organ systems
work together physiologicaly to
support the needs of the entire
organism, as opposed to the
structure and function of specific
tissues and cells within organs
(e.g., different types of blood cells
or muscle cells)

Exclusions:
L8.0D16: Thetraditiona
content of systematics,
comparing structure and
function of different plants
and animals
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Grade4

Grade 8

Grade 12

Matter and Ener

Transformationsin Living Systems (ME)

Examples

L4.ME1: Common plants and
animals that live on land or in the
water, including vertebrates and
insects

L8.MEL: Producers, consumers,
and decomposersin al five
kingdoms

L8.ME2: Gas exchangein plants,
animal's, decomposers

L 12.ME1: Producers, consumers,
and decomposersin al five
kingdom

L12.ME2: Representative
ecosystems that are widely
represented in textbooks and of
importance to all students (even
those not living near them, e.g.,
estuaries, farms, temperate forest)

| nstruments

L4.ME2: Details of movement
and external features of plants and
animalsthat reveal how they are
taking in materials (and light in
the case of plants)

L8.ME3: Internal structures of
plants and animals responsible for
movement of materials

L8.ME4: Scale of multicellular
organisms, cells, molecules

Exclusions:
L8.ME5: Internal structures
of plant and animal cells

Representations

L4.ME3: Drawings or
photographs showing external
organs that take in matter and
energy

L4.ME4: Drawings representing
movement of matter and energy
into organisms with arrows

L8.MEG6: Structura formulas of
carbon dioxide and water

L8.ME7: Drawings with arrows
showing movements of substances
within plants and animals

Exclusions:

L8.MES8: Structural formulas
of biomolecules (sugars, fats,
amino acids)

L8.ME9: Drawingswith
arrows showing movements
of substances inside plant
and animal cells

L 12.M E3: Representations of
large biomolecules as polymers of
simpler subunits

L12.ME4: Structura formulas
monomers of fats, proteins,
carbohydrates (amino acids, fatty
acids, simple sugars)

L 12.ME5: Chemical equations
for overall processes of cellular
respiration and photosynthesis

L12.ME6: General
representations of synthesis and
decomposition of large
biomolecules

L12.ME7: Diagrams of matter
cycling and energy flow in
ecosystems

Exclusions:
L 12.M E8: Representations
of details of synthesis and
decomposition (e.g., details
of dehydration synthesis)

DRAFT: Do not cite, reproduce, or distribute.

37




411

DRAFT Science Assessment and Item Specifications for the 2009 NAEP (01.18.06)

Grade4

Grade8

Grade 12

Matter and Energy Transformationsin Living Systems (ME)
L4.MES5: Limited to vocabulary L8.ME10: Limited to vocabulary | L12.ME9: Vocabulary of content
of content statements of content statements statements
Exclusions: L12.ME10: Cellular respiration
- L8MELL: Although these
=] content statements describe L12.ME11l: Key elementsin
o the general processes of biomolecules: carbon, hydrogen,
8 photosynthesis and cellular oxygen, nitrogen, phosphorus,
> respiration, thesetermsare | sulfur, potassium, sodium
@ not included, nor is the word
c chlorophyll Exclusions:
@ L12.ME12: Calvin cycle,
= Krebs cycle, glycolysis, or
intermediate productsin
respiration and
photosynthesis
L4MEG6: Materials or sourcesof | L8.ME12: Tracing the sequence | L12.ME13: Tracking particular
energy (light) that plants and of transformations of matter and atoms or elements (especially
animalstakein. Legitimate energy that enable plants and carbon) through the processes of
- questions include identifying the | animalsto grow and function. photosynthesis, growth, food
O | sources of these essential webs, and cellular respiration at
® | materias for different plants and L8.ME13: Transformations that multiple levels: cdlular,
;f:’ animals use or produce gases (e.g., plants | organismal, and ecological
B growing by incorporating carbon
O dioxide, animals losing weight by
releasing carbon dioxide) are
especially significant and difficult
for students
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412
[ Grade4 | Grade8 Grade 12
I nterdependence of Living Systems (IL)
L4.1L1; Common plants and L8.IL1: Populations of producers, | L12.IL1: Anthropogenic
animalsthat liveon land or inthe | consumers, and decomposersin disturbances in ecosystems or
water, including vertebrates and all five kingdom environments, including local and
insects global climate change, uses of
L8.1L2: Examples of tilling and pesticides to favor
L4.1L2: Environmental relationships of the typeslisted in | human crops, human land use,
conditions and changes in the content statement harvesting of fish stocks,
i; environmental conditions that pollution, invasive species, etc.
2 | affect survival of plants and L 8.1L3: Examples of disturbances
% animals, including temperature, to ecosystems that cause changes | L12.IL2: Natural disturbancesin
|_|>j shelter, light, food sources, water | in size of populations (e.g., ecosystems such asfires,
changesin factorslisted in content | sedimentation, volcanism, etc.
L4.1L3: Interactions among statement, invasive species,
organisms that affect survival, human interventions) L12.1L 3: Responses of
including examples of predation, ecosystems to changes, including
symbiosis, parasitism succession patterns, alterations
due to natural or anthropogenic
disturbances
L4.IL4: Identifying and counting | L8.IL4: Measures of population L12.1L4: Qualitative descriptions
organismsin plots size and density: range, number of | of biodiversity in different
n individuals per plot ecosystems
S | L4JIL5: Identifying evidence of
£ | interactions (e.g., parasites on
2 | plantsor animals, evidence of
g predation)
L4.1L6: Temperatures on Celsius
scale
o | L4IL7: Drawings or photographs | L8.IL5: Graphic or geographic L12.IL5: Graphic or geographic
5 of plants, animals, and their representations of size, range, representations of size, diversity,
B interactions density of populations key species in ecosystems
g
o
L4.1L8: Vocabulary of content L8.IL6: Vocabulary of content L12.1L6: Vocabulary of content
2 | statements Statements Statement
S
8 | L4IL9: Descriptions of L12.IL7: Descriptions of natural
8 | environmental conditions and and anthropogenic disturbances
> | interactions in non-technical (see below)
@ language
=
@ Exclusions:
= L4.IL10: Predation,
symbiosis, parasitism
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Grade4

Grade8

Grade 12

Interd

pendence of Living Systems (I1L)

Clarification

L4.IL11: Interactions of
individual plants and animals with
their environments or with plants
and animals of other species, and
how those interactions affect their
surviva or ability to thrive

L8.IL7: Populations, their
interactions with other
populations and the non-living
environment, and how changesin
the environment or interactions
can affect the size and
composition of populations

L12.1L8: Ecosystems (including
coupled human and natural
systems such as farms) as
dynamic systemsthat are
constantly changing, especially in
response to the large and
increasing scale of human impact
0on ecosystems
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Grade4

Grade 8

Grade 12

Heredity and Reproduction (HR)

Examples

L4.HRL1: Variety of plant and
animal life cycles

L4.HR2: Descriptions of
organismsin terms of characters
(e.g., height, eye color, hair color)
and traits that are values of those
characters (e.g., brown eyes, black
hair)

L4.HR3: People have different
external features, such asthe size,
shape and color of hair, skin, and
eyesthat resemble their parents

L8.HR1: Sexual and asexuad
reproduction as part of alife cycle
of animals, plants, protists,
bacteria

L8.HR2: Effect of nutrition on
the characteristics of an organism.

Exclusions:
L8.HR3: Nature vs. nurture

L12.HR1: Changesin DNA
(mutations)

L12.HR2: Genetic variation in
cells arises from gamete
formation and sexual reproduction
- inherited traits, intermitted
mutations.

L 12.HR3: Basic bioinformatics
(DNA fingerprinting,
reproductive and therapeutic
cloning)

Exclusions:
L12.HR4: Details of
transcription and tranglation.
L12.HR5: Mendelian
genetics
L12.HR®6: Details of meiosis

Instruments

L8.HR4: Scale of reproductive
cells (sperm and egg) relative to
organisms and to other cells

L12.HR7: Using microscopes to
identify chromosomes

L 12.HR8: Basic principles of
electrophoresis

Exclusions:
L12.HR9: PCR

Representations

L 12.HR10: Double helix

L12.HR11: Graphic results of
electrophoresis

Exclusions:
L12.HR12: Structure of
nucleotides
L12.HR13: Graphic
demonstration of mitosis or
meiosis
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Grade4

| Grade8

| Grade 12

Heredity and Reproduction (HR)

L4.HR4: Generally limited to
language of content statements

L8.HR5: Generally limited to
language of content statements

L12.HR14: Generally limited to
language of content statements

L8.HR10: In sexual reproduction,
asperm and egg unite
(fertilization); half of an
individual’ s traits come from one
parent—half from the other.

>, | and descriptions of organismsin (e.g., genes, egg, sperm, (e.g., genes, chromosomes, DNA
E commonly understood terms fertilization) mol ecules)
S
@ Exclusions: Exclusions:
g L 8.HR6: Mendelian genetics L 12.HR15: Names and
= (dominant, recessive, etc.) structures of nucleotides
2 L8.HR7: Details of
b= reproduction and
8 development (gamete,
= zygote, alternation of
generations, etc.)
L 8.HR8: Every organism has L12.HR16: Every cell inan
genes: a set of instructions for organism contains a complete
specifying itstraits. Heredity is genome (DNA), whichis
the passage of these genes from maintained from one cell
one generation to another. generation to the next by mitosis
and DNA replication.
c L 8.HR9: When cells divide, they
2 are reproducing asexually.
§ In asexual reproduction, the new
= cell (organism) isidentical to the
g parent.
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417
N Grade 4 | Grade8 | Grade 12
Evolution and Diversity of Living Systems (ED)
L4.ED1: Different plants and L8.ED1: Examples of more and
animalsin the context of their less closely related organisms
populations and environments
L8.ED2: Examples of fossils and
iﬁ L4.ED2: Adaptations of plants remains of recently extinct
% and animals to their environments | organisms
|ﬁ L4.ED3: Differences among L 8.ED3: Examples of modern
plants and animalsin a population | changesin populations (e.g.,
development of insect resistance
to pesticides)
" L4.ED4: Measurements or L 8.ED4: Measurements or
*S' descriptions of characteristics of descriptions of internal and
= plants and animals: height, external structures of organisms
S | weight, leaf size, color, etc.
192}
£
L4.ED5: Photographs or pictures | L8.ED5: Photographs or pictures | L12.ED1: Graphs or tables
o | that show differences among that show differences among showing distribution of traitsin
§ | individualsin apopulation or individualsin a population in populations
= relationships between organisms | internal or external characteristics
+ | and their environments L 12.ED2: Representations of
% degree of biochemical similarity
= in terms of percentages (e.g., 85%
d% of DNA in common)
L4.ED6: Words in common L 8.ED6: Adaptation, fitness, L12.ED3: Generaly limited to
%‘ language that describe adaptive evolution vocabulary in content statements
= | traitsand traits that differentiate
§ individuals L8.ED7: Language in content
< statements
>
g Exclusions:
= L 8.EDS8: Phylogenetic
5 taxonomy (kingdoms, phyla,
g etc.)
|_
L8.ED9: Natural selection
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Grade4

Grade8

| Grade 12

Evolution and Diversity of Living Systems (ED)

Clarification

L4.ED7: Note that thisincludes
BOTH diversity of species
(different species have different
traits) and diversity within
populations (different individuals
in apopulation have different
traits)

L4.EDS8: Describing and
comparing individual organisms
and reasoning about how their
traits can help or hinder their
survival

L 8.ED10: The content statements
at thislevel focuson
the process of change in
populations through natural
selection
Fossils and internal and
external anatomical evidence
of changein populations
over time, including
extinction and evolutionary
change
Fossils and internal and
external anatomical evidence
of relatedness of species

Exclusions:

L8.ED11: Chemical evidence
of changein populations
over time

L8.ED12: Chemical evidence
or relatedness of species

L 12.ED4: Students at thislevel
should be asked to produce
accounts of changesin
populations that include all four
of the numbered factorsin
L12.13.

419

DRAFT: Do not cite, reproduce, or distribute.




420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443

445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463

DRAFT Science Assessment and Item Specifications for the 2009 NAEP (01.18.06)

Earth and Space Science

The past few decades have brought rapid changes in the character of Earth and Space
Science. The study of Earth® has shifted from surface geology and mining toward global
change and Earth systems; and research methods have changed from human observations
and mapping to remote sensing and computer modeling. This concept of Earth asa
complex and dynamic entity of interrelated subsystems implies that there is no process or
phenomenon within the Earth system that occurs in complete isolation from other
elements of the system. There has also been a shift in goals, as advances in theory have
made it possible to more accurately predict changesin weather and climate, to provide
life-saving warnings of floods, hurricanes, earthquakes, and volcanic eruptions, and to
understand how human activities influence ecosystem and climate changes across the
globe.

In Space Science, similar changes have taken place as a result of new technologies.
Successful probes to Mars, Jupiter, and Saturn have vastly expanded knowledge of the
solar neighborhood. The discovery of more than 100 planets outside the solar system has
raised new questions about the origin of life. Furthermore, advances in ground and space-
based tel escopes capabl e of observing many different parts of the electromagnetic
spectrum with unprecedented detail have revolutionized understanding of the structure
and evolution of the universe itself. In brief, descriptive methods of Earth and Space
Science have given way to theory-based inquiry and problem-solving approaches that
have far reaching consequences with regard to understanding the universe and
stewardship of Planet Earth.

Changes in Earth and Space Science education are beginning to catch up with advances
in research. The National Standards emphasizes a systems approach to studying Earth,
especially at the high school level. Some of today’ s textbooks pay |ess attention to
describing Earth features and focus instead on a systems perspective in which Earth is
viewed as a physical system of interrelated phenomena, processes, and cycles. Some high
school curricula have integrated the traditional Earth science disciplines of geology,
meteorology, and oceanography with aspects of biology, chemistry, and physicsto
introduce students to amore holistic study of Earth.

Thetools available to students for learning about Earth and space have changed as well.
Visualization tools, such as Geographical Information System (GIS) software, have made
it possible for Earth Science students to have direct access to the raw data and models
used by scientists. Other web-based programs allow students to view and process satellite
images of Earth, to direct a camera on board the Space Shuttle, and to access professional
telescopes around the world to carry out science projects. In other words, the core
concepts, subject matter, and tools used by students have undergone profound changesin
recent decades that mirror many of the advances in Earth and Space Science. The data
and images gathered by these tools could be used as source materials for assessment
items. For example, students could examine data on sea surface temperatures and upper

13 «Earth” is capitalized, rather than referred to as “the earth,” in order to recognize it as one of the planets
in the solar system.
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atmospheric winds, derived from satellite observations, to predict the intensity and track
of ahurricane.

NAEP recognizes that not all of the resources described above are available to all
students. Nevertheless, to reflect the importance of this content area, NAEP will include
questions about Earth and Space Science at the 4™, 8", and 12" grade levels. The content
statements have been divided into topics and subtopics as summarized in Table 11.

Table 11. Earth and Space Science Content Topics and Subtopics

Earth in Spaceand Time

Objectsin the Universe
History of Earth

Earth Structures

Properties of Earth Materials
Tectonics

Earth Systems

Energy in Earth Systems
Climate and Weather
Biogeochemical Cycles

Earth in Space and Time

Earth in Space and Time is divided into two subtopics: Objectsin the Universe and
History of Earth. Theideathat “the universe is large and ancient, on scales staggering to
the human mind” (AAAS, 1989, p. 40) connects these subtopics.

One of the earliest discoveries of the scientific age was that Earth is not the center of the
universe. It is now known that Earth is a planet in space, one of afamily of planets and
other bodies that circle ayellow star in avast galaxy of other stars. Like countless other
worlds that are known to exist, Earth has a beginning and a history. That history can be
read by carefully and thoughtfully observing the world and the universe.

Objectsin the Universe

Objectsin the sky, such as the sun and the moon, have patterns of movement. These
patterns can be observed through changes in shape or placement in the sky based on time
of day or season (grade 4). By recognizing these patterns, people have developed
calendars and clocks and explained such phenomena as moon phases, eclipses, and
seasons (grade 8).

DRAFT: Do not cite, reproduce, or distribute. 46




495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536

DRAFT Science Assessment and Item Specifications for the 2009 NAEP (01.18.06)

It was previously thought that Earth was the center of the universe, but it is now known
that the sun is the central and largest body in the solar system, which includes Earth and
other planets and their moons as well as other objects such as asteroids and comets.
Objectsin the solar system are kept in predictable motion by the force of gravity (grade
8).

According to the “big bang” theory, the entire contents of the known universe expanded
explosively into existence from a hot, dense state 13.7 billion years ago. Early in the
history of the universe, stars coalesced out of clouds of hydrogen and helium and
clumped together by gravitational attraction into billions of galaxies. When heated to a
sufficiently high temperature by gravitational attraction, stars begin nuclear reactions,
which convert matter to energy and fuse light elements into heavier ones (grade 12).

History of Earth

Theories of planet formation and radioactive dating of meteorites have led to the
conclusion that the sun, Earth and the rest of the solar system formed from a nebular
cloud of dust and gas 4.6 billion years ago. Early Earth was very different from today’s
planet. Initially, there was no life and no molecular oxygen in the atmosphere. Thereis
evidence that one-celled organisms—the bacteria—were the first forms of life on our
planet, appearing about 3.5 billion years ago. These bacteria are thought to be responsible
for adding oxygen to Earth’ s atmosphere, making it possible for awider diversity of life
formsto evolve (grade 12).

Earth processes seen today, such as erosion and mountain building, have made possible
the measurement of geologic time though methods such as observing rock sequences and
using fossilsto correlate the sequences at various locations. Fossils also provide evidence
of how life and environmental conditions have changed (grade 8). Early methods of
determining geological time, such as the use of index fossils and stratigraphic sequences
allowed for the relative dating of geologic events. However, absolute dating was
impossible until the discovery that certain radioactive isotopes in rocks have known
decay rates, making it possible to determine how many years ago a given rock sample
formed (grade 12).

Earth’ s surface changes over time. Some changes are due to slow processes, such as
erosion and weathering; and others are due to rapid processes such as volcanic eruptions,
landslides, and earthquakes (grade 4). Changes caused by violent earthquakes and
volcanic eruptions can be observed on a human time scale, but many geological
processes, such as the building of mountain chains and shifting of entire continents, take
place over hundreds of millions of years. Water, ice, waves, and wind sculpt Earth’s
surface to produce distinctive landforms (grade 12).
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Earth Structures

Content statements related to Earth Structures fall into two subtopics: Properties of Earth
Materials and Tectonics. The study of Earth materials has contributed to understanding
dynamic processes, which are, in turn, driven by the movement of vast tectonic plates.
Conversely, the development of tectonic theory has made it possible to locate and extract
Earth materials for awide variety of human uses.

Properties of Earth Materials

Earth materials that occur in nature include rocks, minerals, soils, water, and the gases of
the atmosphere. Natural materials have different properties, which sustain plant and
animal life (grade 4). Soil consists of weathered rocks and decomposed organic material
from dead plants, animals, and bacteria. Soils are often found in layers, with each having
adifferent chemical composition and texture (grade 8). Some Earth materials have
properties that make them useful either in their present form or designed and modified to
solve human problems and enhance the quality of life (grade 4).

Rocks and rock formations bear evidence of the conditions and forces that created them,
ranging from the violent conditions of volcanic eruptions to the slow deposition of
sediments. The atmosphere is a mixture of nitrogen, oxygen, and trace gases that include
water vapor. The atmosphere has a different physical and chemical composition at
different elevations (grade 8).

Tectonics

A basic understanding of geological history, described above, forms the foundation for
later understanding of tectonics (grade 4). Earth’sinterna structureislayered with a
lithosphere, hot convecting mantle, and dense metallic core. Lithospheric plates, on the
scale 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 (grade 8).

Although continental drift was first suggested as early as the late 16" century and further
developed in the early 1900s, it was not widely accepted until more convincing evidence
emerged as aresult of extensive exploration of the seafloor. By the late 1960s, mapping
of the Mid-Atlantic Ridge, evidence of seafloor spreading, and subduction led to the
more general theory of plate tectonics. The current explanation is that the outward
transfer of Earth’sinternal heat propels the plates comprising Earth’s surface across the
face of the globe, pushing the plates apart where magmarises to form mid-ocean ridges,
and pulling the edges of plates back down where Earth materials sink into the crust at
deep trenches (grade 12).

Earth as awhole has a magnetic field that is detectable at the surface with a compass.

Earth’s magnetic field is similar to the field of a natural or human-made magnet with
north and south poles and lines of force. For thousands of years, people have used
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compasses to aid navigation on land and sea (grade 8). Crucial evidence in support of
tectonic theory came from studies of the magnetic properties of rocks on the ocean floor
(grade 12).

Earth Systems

Earth Systems science is organized according to three subtopics: Energy in Earth
Systems, Climate and Weather, and Biogeochemical Cycles. The explorers of the 16™
century who circumnavigated the planet were the first to become aware of global weather
and climate patterns. As science began to mature and diversify in the 19" and 20™
centuries, those who scientifically studied the planet did so from the perspective of the
traditional disciplines, such as geology, oceanography, and meteorology. Currently,
working with vastly improved technologies, most scientists take an Earth systems
perspective, including the study of how energy moves through Earth systems and the
integration of disciplinesto better understand Earth’ s biogeochemical cycles.

Enerqy in Earth Systems

The sun warms the land, air, and water and hel ps plants grow (grade 4). The sun isthe
major source of energy for phenomena on Earth’s surface. The sun drives convection
within the atmosphere and oceans, producing winds, ocean currents, and the water cycle.
Seasons result from annual variations in the intensity of sunlight and length of day dueto
thetilt of Earth’ srotation axis relative to the plane of its yearly orbit around the sun
(grade 8).

Earth’s systems have internal and external sources of energy, both of which create heat.
The sun isthe major external source of energy. Two primary sources of internal energy
are the decay of radioactive isotopes and the gravitational/thermal energy from Earth’s
original formation (grade 12).

Climate and Weather

Weather changes from day to day and over the seasons. Scientists use tools for recording
and predicting weather changes (grade 4). Global patterns of atmospheric movement
influence local weather (grade 8).

Climate is determined by energy transfer from the sun at and near Earth’ s surface. This
energy transfer isinfluenced by dynamic processes such as cloud cover, atmospheric
gases, and Earth’ srotation, as well as static conditions such as the position of mountain
ranges and oceans, seas, and lakes (grade 12). Oceans have a mgjor effect on climate
because water in the oceans holds a large amount of heat (grade 8).

Biogeochemical Cycles

Earth is a system containing essentially a fixed amount of each stable chemical atom or
element. Each element can exist in several different chemical forms. Elements move
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within and between the lithosphere, atmosphere, hydrosphere, and biosphere as part of
biogeochemical cycles (see textbox that follows). Movement of matter through Earth’s
systemsis driven by Earth'sinternal and external sources of energy. These movements
are often accompanied by a change in the physical and chemical properties of the matter.
Carbon, for example, occursin carbonate rocks such as limestone, in coal and other fossil
fuels, in the atmosphere as carbon dioxide gas, in water as dissolved carbon dioxide, and
in all organisms as complex molecules that control the chemistry of life (grade 12).

Water, which covers the mgority of Earth’s surface, circulates through the crust, oceans,
and atmosphere in what is known as the “water cycle.” Water evaporates from Earth’s
surface, rises and cools as it moves to higher elevations, condenses as clouds, falsasran
or snow, and collects in lakes, oceans, soil, and underground (grade 8).

Natural ecosystems provide an array of basic processes that affect humans. Those
processes include maintenance of the quality of the atmosphere, generation of sails,
control of the hydrologic cycle, disposal of wastes, and recycling of nutrients (grade 12).
The supply of many Earth resources such as fuels, metals, fresh water, and farmland is
limited.

Humans change environments in ways that can either be beneficia or detrimental for
themselves and other organisms (grade 4). Humans have devised methods for extending
the use of Earth resources through recycling, reuse, and renewal (grade 4). However,
other activities—reducing the amount of forest cover, increasing the amount and variety
of chemicals released into the atmosphere, and intensive farming—have changed Earth’s
land, oceans, and atmosphere. Studies of plant and animal populations have shown that
such activities can reduce the number and variety of wild plants and animals and
sometimes result in the extinction of species (grade 8).
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Table 12. Earth and Space Science Content Statementsfor Grades4, 8, and 12

Grade4

Earth in Spaceand Time
Objectsin the Universe: From patterns in the sky (4) to amodel of the solar system (8) to avision

of the universe (12).

Grade8

Grade 12

of movement. The sun, for example,
appears to move across the sky in the
same way every day, but its path

moon appears to move across the sky
on adaily basis much like the sun.

E4.2: The observable shape of the
moon changes from day to day in a
cycle that lasts about a month.

E4.1: Objectsin the sky have patterns

changes slowly over the seasons. The

E8.1: In contrast to an earlier theory
that Earth is the center of the universe,
it isnow known that the sun, an
average star, isthe central and largest
body in the solar system. Earth isthe
third planet from the sun in a system
that includes eight other planets and
their moons, as well as smaller
objects, such as asteroids and comets.

E8.2: Gravity isthe force that keeps
most objects in the solar systemin
regular and predictable motion. Those
motions explain such phenomena as
the day, the year, phases of the moon,
and eclipses.

E12.1: Theorigin of the universe
remains one of the greatest questions
in science. The “big bang” theory
places the origin approximately 13.7
billion years ago when the universe
began in a hot dense state. According
to this theory, the universe has been
expanding ever since.

E12.2: Early in the history of the
universe, matter, primarily the light
atoms hydrogen and helium, clumped
together by gravitational attraction to
form countless trillions of stars and
billions of galaxies.

E12.3: Stars, like the sun, transform
matter into energy in nuclear
reactions. When hydrogen nuclel fuse
to form helium, a small amount of
matter is converted to energy. These
and other processesin stars have led
to the formation of all the other
elements.

659
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660

Grade 4
Earth in Spaceand Time

Grade8

Grade 12

History of Earth: From evidence of change (4) to estimating the timing and sequence of geologic
events (8) to theories about Earth’s history (12).

E4.3: The surface of Earth changes.
Some changes are due to slow
processes, such as erosion and
weathering, and some changes are due
to rapid processes, such as landslides,
volcanic eruptions, and earthquakes.

E8.3: Fossils provide important
evidence of how life and
environmental conditions have
changed in agiven location.

E8.4: Earth processes seen today,
such as erosion and mountain
building, made possible the
measurement of geologic time
through methods such as observing
rock sequences and using fossilsto
correlate the sequences at various
locations.

E12.4: Early methods of determining
geologic time, such as the use of
index fossils and stratigraphic
sequences, alowed for therelative
dating of geological events. However,
absolute dating was impossible until
the discovery that certain radioactive
isotopes in rocks have known decay
rates, making it possible to determine
how many years ago a given rock
sample formed.

E12.5: Theories of planet formation
and radioactive dating of meteorites
and lunar samples have led to the
conclusion that the sun, Earth, and the
rest of the solar system formed from a
nebular cloud of dust and gas 4.6
billion years ago.

E12.6: Early Earth was very different
from today’ s planet. 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 Earth's atmosphere,
which did not originally contain
molecular oxygen.

E12.7: Earth’s current structure has
been influenced by both sporadic and
gradual events. Changes caused by
violent earthquakes and volcanic
eruptions can be observed on a human
time scale, but many geological
processes, such as the building of
mountain chains and shifting of entire
continents, take place over hundreds
of millions of years.
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Grade4
Earth Structures

layers of the atmosphere (8)

Grade8

Grade 12

Properties of Earth Materials. From natura and human-made materials (4) to soil analysis and

E4.4. Earth materials that occur in
nature include rocks, minerals, soils,
water, and the gases of the
atmosphere.

E4.5; Natural materials have different
properties, which sustain plant and
animal life.

E4.6: Some Earth materias have
properties that make them useful
either in their present form or
designed and modified to solve human
problems and enhance the quality of
life, asin the case of materials used
for building or fuels used for heating
and transportation.

E8.5: Rocks and rock formations bear
evidence of the minerals, materials,
temperature/pressure conditions, and
forces that created them. Some
formations show evidence that they
were deposited by volcanic eruptions.
Others are composed of sand and
smaller particles buried and cemented
by dissolved mineralsto form solid
rock again. Still others show evidence
that they were once earlier rock types
that were exposed to heat and pressure
until they changed shape and in some
cases melted and recrystallized.

E8.6: Soil consists of weathered rocks
and decomposed organic material
from dead plants, animals, and
bacteria. Soils are often found in
layers, with each having a different
chemical composition and texture.

E8.7: The atmosphere is a mixture of
nitrogen, oxygen, and trace gases that
include water vapor. The atmosphere
has a different physical and chemical

composition at different elevations.
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Grade4
Earth Structures

Grade8

Grade 12

Tectonics: From the basics of tectonic theory and Earth magnetism (8) to the physical mechanism
that drives tectonics and its supporting evidence (12)

E8.8: The Earth islayered with a
lithosphere; hot, convecting mantle;
and dense, metallic core.

E8.9: Lithospheric plates on the scale
of continents and oceans constantly
move at rates of centimeters per year
in response to movementsin the
mantle. Major geological events, such
as earthquakes, volcanic eruptions,
and mountain building, result from
these plate motions.

E8.10: Earth asawhole hasa
magnetic field that is detectable at the
surface with acompass. Earth’s
magnetic field is similar to the field of
anatural or human-made magnet with
north and south poles and lines of
force. For thousands of years, people
have used compassesto aid in
navigation on land and sea.

E12.8: Mapping of the Mid-Atlantic
Ridge, evidence of seafloor
spreading, and subduction provided
crucia evidence in support of the
theory of plate tectonics. The theory
currently explains plate motion as
follows: the outward transfer of
Earth’sinternal heat propelsthe plates
comprising Earth’s surface across the
face of the globe. Plates are pushed
apart where magma rises to form mid-
ocean ridges, and the edges of plates
are pulled back down where Earth
materials sink into the crust at deep
trenches.
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Grade4

Grade8

Grade 12

Energy in Earth Systems. From role of the sun (4) to the sun’s observable effects (8) to internal

and external sources of energy in

Earth systems (12).

E4.7: The sun warmsthe land, air,
and water and helps plants grow.

E8.11: The sun isthe major source of
energy for phenomena on Earth’s
surface. The sun provides energy for
plants to grow and drives convection
within the atmosphere and oceans,
producing winds, ocean currents, and
the water cycle.

E8.12: Seasons result from annual
variations in the intensity of sunlight
and length of day, dueto thetilt of
Earth’ srotation axis relative to the
plane of its yearly orbit around the
sun.

E12.9: Earth systems have internal
and external sources of energy, both
of which create heat. The sun isthe
major external source of energy. Two
primary sources of internal energy are
the decay of radioactive isotopes and
the gravitational energy from Earth’s
original formation.

Climate and Weather: From |
influence climate (12).

ocal weather (4) to global weather patterns (8) to systems that

E4.8: Weather changes from day to
day and over the seasons.

E4.9: Scientists use tools for
observing, recording, and predicting
weather changes from day to day and
over the seasons.

E8.13: Global patterns of atmospheric
movement influence local weather.
Oceans have amagjor effect on climate
because water in the oceans holds a
large amount of heat.

E12.10: Climate is determined by
energy transfer from the sun at and
near Earth’'s surface. This energy
transfer isinfluenced by dynamic
processes such as cloud cover,
atmospheric gases, and Earth’s
rotation, as well as static conditions
such as the positions of mountain
ranges and of oceans, seas, and lakes.
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Grade4

Grade8

Grade 12

Biogeochemical Cycles. From uses of Earth resources (4) to natural and human-induced changes in
Earth materials and systems (8) to biogeochemical cyclesin Earth systems (12).

E4.10: The supply of many Earth
resources such as fuels, metals, fresh
water, and farmland is limited.
Humans have devised methods for
extending the use of Earth resources
through recycling, reuse, and renewal.

E4.11: Humans depend on their
natural and constructed environment.
Humans change environments in ways
that can either be beneficia or
detrimental for themselves and other
organisms.

E8.14: Water, which covers the
majority of Earth’s surface, circulates
through the crust, oceans, and
atmosphere in what is known as the
“water cycle.” Water evaporates from
Earth’'s surface, rises and cools asit
moves to higher elevations, condenses
as clouds, fallsasrain or snow, and
collectsin lakes, oceans, soil, and
underground.

E8.15: Human activities, such as
reducing the amount of forest cover,
increasing the amount and variety of
chemicals released into the
atmosphere, and intensive farming,
have changed Earth’ s land, oceans,
and atmosphere. Studies of plant and
animal populations have shown that
such activities can reduce the number
and variety of wild plants and animals
and sometimes result in the extinction
of species.

E12.11: Earth is a system containing
essentially afixed amount of each
stable chemical atom or element.
Most elements can exist in severa
different chemical forms. Earth
elements move within and between
the lithosphere, atmosphere,
hydrosphere, and biosphere as part of
biogeochemical cycles.

E12.12: Movement of matter through
Earth’s systemsis driven by Earth’s
internal and external sources of
energy. These movements are often
accompanied by achangein the
physical and chemical properties of
the matter. Carbon, for example,
occurs in carbonate rocks such as
limestone, in coal and other fossil
fuels, in the atmosphere as carbon
dioxide gas, in water as dissolved
carbon dioxide, and in all organisms
as complex molecules that control the
chemistry of life.

E12.13: Natural ecosystems provide
an array of basic processesthat affect
humans. Those processes include
maintenance of the quality of the
atmosphere, generation of soils,
control of the hydrologic cycle,
disposal of wastes, and recycling of
nutrients.
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Table 13. Earth and Space Science Content Boundariesfor Grades4, 8, and 12

Grade4

Grade 8

Grade 12

Objectsin the Universe (OU)

Examples

E4.0U1L: In the morning, the sun
is generaly to the east; at noon it
istoward the south; and during the
afternoon, itistothewest. Itis
never directly overhead.

E4.0U2: The moon’s appearance
during the day and at night, and its
daily path across the sky. Proper
sequencing of pictures of moon
phases during the month.

Exclusions:

E4.0U3: Clouds, birds, or
airplanes (since the intention
of these statementsisto
introduce students to “ Objects
in the Universe”)

E4.0U4: Observations of
stars and galaxies.

E8.0U1L: Earth-Sun-Moon System:
The space perspective to explain the
day-night cycle, moon phases, solar
and lunar eclipses, seasons and
tides. Distinction between
explanation for moon phases and
that for alunar eclipse. Reason for
seasons includes: seeing different
constellations at different times of
year, and explaining changesin
length of day and temperature
during the year.

EB8.0U2: Solar System: Relative
sizes and distances of planets, the
differences between terrestria
planets (including our Earth) and
gas giant planets, and shapes of
orbits (ellipses of varying
eccentricity).

E8.0U3: Gravity pullsthings
“down,” towards the center of the
Earth. It acts between all objects,
and operates across empty space to
keep planets and satellites in their
orbits. Astronautsin orbit
experience gravity asthey “fall”
around Earth. (A common naive
conception is that there is no gravity
in space because thereisno air
there.)

Exclusions:
E8.0U4: Mathematical
formulation of Kepler'slaws
or the equations for elliptical
orhits or parabolic trgjectories.

E12.0U1: History of universe:
Limited to major features of big
bang theory.

E12.0U2: Structure of universe:
Location of our galaxy among
others, and role of gravity in
galaxy formation.

E12.0U3: Origin of elements:
Key ideas are formation of H and
Hein early universe, and
formation of heavier elements by
fusionin stars.

E12.0U4: Processesin stars:
Qualitative understanding about
nuclear fusion in stars that release
energy and produce heavier
elements.

Exclusions:
E12.0U5: Details of the big
bang such as“inflation” or
“decoupling”.
E12.0U6: Reaction ratesin
stars
E12.0U7: How galaxies are
organized into larger
structures
E12.0U8: Details of nuclear
reactions.
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Grade4

Grade 8

Grade 12

Objectsin the Universe (OU)

E4.0U5: It ischallenging to find
patterns in the sun’s movement
because it istoo bright to observe
directly. To counter this problem,
shadows of avertical stick placed
in the ground may be observed.
Or, aflagpole or other vertical
object can mark the position of the
shadow at regular intervals during

E8.0U5: Naked eye: daytime and
early evening observations of sun,
moon and planets, including how
moon phases are related to
distance between sun and moon,
how sun’s path in the sky changes
with seasons, and how planets
gradually move among stars.
Record observations with sketches.
Use “fists’ to measure the angular

E12.0U9: Appearance of stars,
nebulae, and galaxies through
telescopes and binoculars; images
taken by professional telescopes

E12.0U10: Evidence provided by
spectroscopes to determine the
composition of stars aswell asthe
speed of stars and galaxies towards
or away from us.

o | theday.
5 distance between sun and moon.
£ | E4.0U6: Most important E12.0U11: How scientists use
2 | observations of the moon areto E8.0U6: Telescopes and computers to smulate the Big
g record monthly cycle of moon binoculars: appearance of lunar Bang and galactic formation.
— | phases. The moon is sometimes craters, mountains, and large dark
seen during the day; it moves areas on the moon; difference E12.0U12: How results are
slowly acrossthe sky like the sun; | between how stars and planets derived from above instruments
and (when the moon can be seen appear in telescopes or binoculars. | and used as evidence.
during the day) the lighted side
faces the sun. Exclusions: Exclusions:
E8.0U7: Inverse square E12.0U13: How to operate
Exclusions: relationship of gravity and above instruments
E4.0U7: Telescope. distance.
E4.0U8: Simple sketches showing | E8.OU8: Solar system and E12.0U14: How technology
the movement of agnomon’s gravity—may include drawingsto | provides evidenceto test theories
shadow, the path of the sun, moon | represent spatial relationships about stars and the universe (may
phases, or changing position and and/or student data. use images taken by large or
appearance of the moon. space-based telescopes and spectra
Q E8.0U9: Gravity—satdllites, of stars and galaxies)
.© | E4.0U9: Application of rockets, or other space
E knowledge of sun’s daily path to technologies. E12.0U15; Interpretation of
% the design of houses or position of graphs in terms of relationships
O | solar panelsto take full advantage | E8.O0U10: Mathematics concepts | (e.g., brightness vs. temperature
& | of solar radiation. (ellipses, angular measures, and [HR Diagram], distance to galaxies
@ scale) should use conventional vs. red shift [Hubble' s Law])
notation.
Exclusions:
E12.0U16: Naming laws
represented by graphs (e.g.,
Hubble's Law)
E4.0U10: Limited to termsinthe | E8.OU11: Common termsin E12.0U17: Technical vocabulary
%‘ content statement, or in everyday astronomy included, such as from physics and chemistry
= | usage, but related to the sky (asin | trgjectory, orbit, and eclipse, and guestions as well as commonly
8 | “path of the sun” rather than angular measurement in degrees used astronomical terms such as
8 ecliptic, or “vertical stick” rather galaxy, nebula, and supernova.
> | than gnomon). Exclusions.
3 E8.0U12: Technical terms Exclusions:
= nonessential for conceptual E12.0U18: Exotic objects
@ understanding, such as apogee such as neutron stars or black
— and perigee. holes
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Grade4

Grade 8

Grade 12

Objectsin the Universe (OU)

Clarification

E4.0U11: Changes and patternsin
the sky from an earth-centric
viewpoint.

Exclusions:
E4.0U12: The space
perspective in explaining
these patterns.

E8.0U13: The space perspective
of the solar system to explain
phenomena such as moon phases
and seasons.

Exclusions:
E8.0U14: Underlying physics
principles of above
phenomena

E12.0U19: Observational
evidence and physics concepts that
support theories about how stars
shine and the origin of the universe

Exclusions:
E12.0U20: Phenomenasuch
as neutron stars or black holes.
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Grade4

| Grade8

Grade 12

History of Earth (HE)

Examples

E4.HE1: Processes that break
down earth structures, such as
mountains are worn down
gradually as rocks are weathered
and eroded, and rapidly when
landslides occur.

E4.HE2: Processes that build up
earth structures and materials, such
as the slow formation of soils and
sedimentary rocks when rivers and
streams deposit sand and mud; or
the rapid buildup (or destruction)
of mountains during volcanic
eruptions, or uplift of large land
masses during earthquakes.

E4.HE3: Names of the
processes (focus should be on
the processes themselves). For
example, it is not important
that students distinguish
between weathering and
erosion.

E8.HE1: Order of events based on
images or drawings of road cuts,
cores, or other evidence; evidence
of more recent events can be found
closer to the surface. (Law of
superposition).

E8.HEZ2: Dataon rate of
deposition can be extrapolated to
determine how long it took athick
layer of sediment to form. (keeping
numbers simple)

E8.HE3: How scientists are able
to reconstruct not only extinct
animalss, but also past
environments (using fossils).

E8.HE4: How conditions changed
over time (a cluster of items may
tap thiswell)

Exclusions:
E8.HES: Names of the
processes (focus should be on
the processes themselves). For
example, students should not
be asked to name the Law of
Superposition, but they should
be expected to understand and
apply it.

E12.HE1L: How to use index
fossils to determine time sequences
and how to use half-life of
radioactive isotopes to determine
time spans.

E12.HE2: Key phasesin the
geologic evolution of Earth, e.g.,
formation of the planet more than
4 billion years ago, evolution of
single-celled animals more than 3
billion years ago, development of
an atmosphere with oxygen about
2 billion years ago, multi-celled
animalslessthan 1 hillion years

ago.

E12.HE3: Simple quantitative
problems based on measured rates
of geologic processes, such as
mountain-building, deposition, or
erosion; calculations of how long it
took for major geologic changesto
occur.

Exclusions:
E12.HE4: Naming the
processes or understanding the
detailed mechanism of
radioactive decay (emphasis
should be on the use of these
processes to solve geologic
puzzles).

Instruments

E4.HE4: Laboratory experiments
or computer simulations of
processes that change earth
structures and materials.

E4.HES: Images taken at different
pointsin time.

E8.HEG6: Simple mechanical
coring instruments used to extract
asample of alake bed or other
column, revealing the history of
deposition over time.

E8.HE7: Simple calculations of
time spans given data on rate of
deposition.

E8.HES: Interpretation of fossil
replicas (or images of fossils)

E12.HES5: Dataon radioactive
isotope decay can be presented in
graph form and used as atool to
determine the age of arock sample
given percentages of different
elementsin the rock.

E12.HEG: Drawing of rock layers
with the location of fossils from an
extinct prehistoric animal, along
with dates of volcanic rock layers
determined by radioisotope
methods, can be used to give upper
and lower bounds of time during
which the extinct animal lived.
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Grade4

Grade 8

Grade 12

History of Earth (HE)

Representations

E4.HESG6: Pictures showing how
earth structures have changed over
time (students can identify the
processes that were likely to have
caused those changes)

E8.HE9: Drawings, images, charts
and graphs can be used for paper-
and-pencil items.

E8.HE10: Rock samples and fossil
replicas can be used for hands-on
tasks.

E8.HE11: Computer simulations
showing changes in earth
structures over time can be used
for IT tests.

E12.HETY: lllustrations of rock
sequences, drawings of index
fossils, and computer simulations
of radioactive decay (can be used
to assess understanding of how to
measure geologic time).

E12.HES: Charts of long time
spans (can be used to assess
understanding of the sequence and
approximate timeframe for
changesin Earth history).

E4.HE7Y: Limited to termsin the
content statement or in everyday
use.

E8.HE12: Common termsin
geology (e.g. sedimentation) and
paleontology (e.g. fossils) . Can
use names of Eras (Pre-Cambrian,

E12.HE9: Technica vocabulary
associated with geology (e.g. index
fossils) aswell asrelevant terms
from life sciences (bacteria, algae,

stretches of time, i.e.,
students’ grasp of vast span of
geologic time.

%‘ Paleozoic, Mesozoic and extinct) and physics (radioisotopes,
=S Cenozoic). half-life).
§ Exclusions: E12.HE10: Can use names of Eras
> E8.HE13: Namesof extinct | (Pre-Cambrian, Paleozoic,
g animals identified by their Mesozoic and Cenozoic) and
= fossils, except for the most geologic Periods (Cambrian,
§ common such as trilobitesand | Carboniferous, etc.)
[t better-known dinosaurs.
E8.HE14: Names of geologic | Exclusions:
Periods and epochs. E12.HE11: Names of specific
life forms (stromatolites, etc.)
E12.HE12: Geologic epochs.
E4.HES8: Some changesin Earth’'s | E8.HEL5: Students are better able | E12.HE13: More sophisticated
surface take place rapidly and to grasp large spans of time. Focus | evidence for measuring geologic
others take place slowly in terms should be on the evidence (fossils, | time and determining a sequence
& | of ahuman lifetime rock sequences, etc.) that enable of events. Revisit mechanisms that
® scientiststo “read” earth history. build up and tear down Earth
= | Exclusions: structures; sources of evidence and
B E4.HEQ: Changesthat take vast span of geologic time.
O place over extremely long
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Grade4

Grade 8

Grade 12

Properties of Earth Materials
(PE)

Examples

E4.PE1: Common objects related
to fuels (oil, natural gas, wood
[plants]); building materials
(wood, cement, stone, grasses,
bricks); food production (air,
water, soil); metals and gems
(rocks and ores, diamonds, rubies,
emeralds)

E4.PE2: Shelter for animals; trees,
bushes, soil, caves

E4.PE3: Conditions under which
water issolid (ice) or gas (water
vapor).

E4.PE4: Soil isamedium for
plant growth; soil living animals
(worms, bugs, ants, moles) help in
decomposition (rotting) of dead
plants and animals.

E4.PES5: Soil may contain rock
fragments, sand, clay, silt, organic
material and water. Different soils
have different amounts (%) of
these materials.

Exclusions:
E4.PE6: Carbon dioxide

E8.PE1: Relating types of rock to
conditions of formation, e.g.,
sandstone to moving water (rivers,
beaches); shale to standing water
(Iakes, ponds); limestone to
precipitation in shallow constricted
basins (coves, gulfs, bays, lakes,
ponds); coal to bogs and swamps

E8.PE2: Granite (magma)
intrusive igneous, basalt (lava)
extrusive igneous

E8.PE3: Metamorphic rocks: Heat
and pressure. Contact
metamorphism by heat (rising
magma); regional metamorphism
by heat and pressure (tectonics
collision of plates)

E8.PE4: Atmosphere: clouds layer
close to Earth’ s surface—
troposphere (location of weather
and wind), stratosphere (location
of ozone layer), ozone (03) layer
(absorbs ultraviolet light)

E8.PES5: Atmosphereisamixture
of gases (approx. 70% nitrogen,
20% oxygen, 4% water vapor; 6%
all other gases)

E8.PE6: Sources of natural fuels:
oil, natural gas, peat, bituminous
coal, anthracite cod

E8.PE7: With elevation in
atmosphere, temperature decreases
and air pressure decreases

Exclusions:

E8.PE8: Names of instrusive
magma bodies, e.g., batholith
E8.PE9: Names of extrusive
lavabodies, e.g., sills, dikes
E8.PE10: Specific names of
other atmosphere layers, e.g.,
thermosphere, ionosphere

[No content statements at this
gradel]
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6/8
Grade4 | Grade8 Grade 12
Properties of Earth Materials
(PE)
E4.PE7: Classification of Earthor | E8.PE11: Quantitative measures of [No content statements at this
Human-made materials mineral hardness using Moh's Hardness | grade]
Scale
E4.PE8: Qualitative descriptions of
»n | how earth materials are used in E8.PE12: Quantitative measures of soil
S | houses porosity and permeability
£
2 | E4.PE9: Qudlitative descriptions of | E8.PE13: Quantitative measures of
‘UC‘S how to separate earth materials sediment size using sieves
E4.PE10: Qualitative/quantitative | E8.PE14: Litmus paper test of soils
critique of experiments (e.g., acidity/alkalinity
determining drainage ability of
three soil types)
o | E4PE11: Simple bar graphs and E8.PE15: Topographic, geologic and [No content statements at this
S | tables, pictures and diagrams physical geographic maps grade.]
% E8.PE16: Pie charts, bar graphs,
= E8.PE17: Drawings on stratigraphic
68:' sequences
E4.PE12: Generally limited to E8.PE18: Sedimentary rock (sandstone, | [No content statements at this
common natural materials, e.g., limestone, shale, coal, salt); igneous grade.]
sand, clay, pebbles, oil, natural gas, | rock (granite, basalt, pumice, ash);
stone, wood, grasses, rocks, metamorphic rock (marble, gneiss,
minerals, gems (diamonds, rubies, | schist, coal)
emerads).
> E8.PE19: Ores: iron, zinc, uranium,
@ | E4.PE13: Generally limited to aluminum, copper, coal
_§ common man-made materials, e.g.,
3 | bricks, tiles, cement, aluminum E8.PE20: Soail type and profileis
g poles, nails, wire govgrned py bedrock type, weathering,
erosion, climate.
3
E E8.PE21: Soil textures (silt/loam/sand);
8 pH of soil (acidic/alkaline)
|_
Exclusions:
E8.PE22: Ores: rare earth (e.g.,
titanium), alloys (e.g., bronze,
steel, pewter, ceramics)
E8.PE23: Soils. names of soils, pH
scale
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679
] Grade 4 | Grades8 Grade 12
Properties of Earth Materials
(PE)

Clarification

E4.PE14: Distinguishing Earth
materials and their properties from
man-made materials. How humans
and other animals use Earth
materials for food, shelter, and
tools.

E8.PE24: More in-depth properties
(physical and chemical) of Earth
materials and the atmosphere. The
information in rocks, minerals, and
soils can be used to “tell a story”
about the environment of
formation. Maps are toolsto be
used to interpret the “rock stories.”

Exclusions:
E8.PE25: Core concepts about
physics and chemistry, e.g.,
chemical reactions, stress and
strain

[No content statements at this
gradel]
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Grade4

Grade 8

Grade 12

Tectonics (TE)

Examples

[No content statements at this
grade]

E8.TE1: Common geographic
structures related to plate
boundaries, e.g., Pacific ring of
fire, deep-sea trenches, and
volcanoes with subduction plate
boundaries.

E8.TE2: Earth surface features
that represent evidence for
Continental Drift, e.g., matching
continent shapes, matching rock
formations

E8.TE3: Depth of earthquakes
(focus) related to plate
boundaries, e.g., shallow focus
only = spreading boundary or
dlip/slide boundary.

E8.TE4: Location of major
mountain chains on a geographic

map

E8.TES: Distinction between
igneous mountains (Andes,
Cascades) and
uplifted/folded/faulted mountains
(Rockies, Alps, Himalayans) and
their relation to plate movements,
respectively subduction zone and
continental collision boundaries

E8.TE6: Geographic north and
magnetic north are different,
topographic maps have a notation
for the correction.

E12.TE1: Mechanism of
convection current in the mantle
and athenosphere to account for
plate movements

E12.TE2: Didtinction between
less dense continental crust
(lithosphere) and more dense
oceanic crust (athenosphere)

E12.TE3: Historical events,
evidence and arguments for
continental drift (A. Wegner).
Fossils, rock formations,
continental fit — Pangea

E12.TE4: Historical events,
evidence, and arguments for sea
floor spreading (H. Hess) and
Plate Tectonics (J. Tuzo Wilson).

E12.TES: Paeomagnetismin
rocks and ocean-floor as evidence
for movement of continents.

E12.TEG6: Relationship between
orogenic (mountain building)
events and plate tectonic
movements of continents
colliding.

E12.TE7: Theinclination and
declination of a compass needle
changes with latitude and
longitude locations.

Instruments

[No content statements at this
grade]

E8.TE7: Qualitative descriptions
of plate/continent motions to
account for major orogenic and
volcanic events.

E8.TES8: Quantitative measures of
earthquake locations, frequencies
and intensities.

E12.TES: Cdculation of rate of
plate motion using age of rock
and distance from spreading ridge.

E12.TE9: Caculation of
discrepancy between oldest age of
ocean floor rocks and continental
rocks.

DRAFT: Do not cite, reproduce, or distribute. 65




681

DRAFT Science Assessment and Item Specifications for the 2009 NAEP (01.18.06)

Grade4

Grade8

Grade 12

Tectonics (TE)

Representations

[No content statements at this
grade)]

E8.TE9: Topographic maps to
distinguish high and low
elevations, floodplains, drainage
basins.

E8.TE10: Geologic mapsto locate
and interpret rock formations and
rock sequence, e.g., igneous
activity, sedimentary processes,
metamorphism

E8.TE11: Physical geographic
maps to locate ocean bottom and
continental features aligned with
plate boundaries

E8.TE12: Earthquake maps to
locate patterns of earthquakes.

E8.TE13: Modelsrepresentations
of Earth’s Interior and Earth’s
Magnetic Field

E12.TE10: Topographic maps to
construct elevation profile.

E12.TE11: GIS data,
representations, and models or
map projectionsto align
earthquake foci with plate
boundaries

E12.TE12: GIS data,
representations, and models or
map projections to locate
microplates

E12.TE13: GIS data,
representations, and models or
map projectionsto align ores with
tectonic activity

Technical Vocabulary

[No content statements at this
grade)

E8.TE14: Generaly limited to the
vocabulary in the content
statements, with addition of names
of major continents and oceans;
names of plate boundaries, e.g.,
mid-ocean ridge, subduction zone

E8.TE15: Paleozoic, Mesozoic,
and Cenozoic Eras

Exclusions:
E8.TE16: Geologic periods
and epochs.

E12.TE14: Generally limited to
the vocabulary in the content
statements, with addition of
convection and paleomagnetism.

E12.TE15: Paleozoic, Mesozoic,
and Cenozoic Eras.

E12.TE16: Names of geologic
Periods (Cambrian, Carboniferous,
etc.)

Exclusions:
E12.TE17: Geologic epochs.

Clarification

[No content statements at this
grade.]

E8.TE17: Correlation among plate
boundaries, earthquakes and
geographic features. Reading and
interpreting maps—physical,
topographic and geologic.

E12.TE18: Historical and
contemporary models,
mechanisms, and theories
associated with tectonics. Evidence
for the support of the models,
mechanisms, and theories. Reading
and interpreting maps and GIS
information.
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Grade4

Grade 8

Grade 12

Energy in Earth Systems (EE)

Examples

E4.EE1: Sunlight is asource of
heat for the planet Earth; sunlight
causes evaporation of water;
sunlight melts snow and ice;
sunlight is needed for plant growth

E4.EE2: Land (soil, rocks)
absorbs and loses heat faster than
water.

E4.EE3: Warmer air/water rises;
colder air sinks; cold at higher
elevations;

rising and sinking air and water
create convection cells/currents

E4.EE4: Warm at Equator; cold at
the Poles

E8.EE1: Sunlight can penetrate to
awater depth of 100m, regulating

and restricting plant/algae growth

to shallow depths

E8.EE2: Warm and cold air and
water drive convention currentsin
the atmosphere and the oceans.

E8.EE3: Winds are the result of
convection currents between high
and low temperature regions (e.g.,
shore breezes)

E8.EE4: Earth has seasons

E8.EES: Earth'stilt of axis (23.5°)
is oriented in the same direction,
causing the north pole to face the
sun from March 21 to September
21; and the south pole to face the
sun from September 21 to March
21 (spring and autumnal equinox).

E8.EE6: The amount of daylight
hours changes from day to day,
getting shorter/longer in the
northern/southern hemisphere
from June 21 to Dec 21 and longer
from Dec 21 to June 21 (summer
and winter solstice).

EB.EE7: Magjor currents: Jet
Stream, Gulf Stream, El Nino

E8.EE8: Atmosphere (clouds)
reflects and absorbs incoming
solar radiation; increased % of
CO2 in atmosphere correlates with
increase in global atmospheric and
oceanic temperature; trapped heat
causes rise in temperature.

E8.EE9: Angle of the sun/height
of sun in the sky changes from day
to day—Ilower June 21 - Dec 21
and higher Dec 21 - June 21.

E8.EE10: The higher the sunisin
the sky, the moreintenseis the
heat from the sunlight.

E12.EE1: Earth hasinterna
sources of heat: radioactive decay
(e.g., Kimberlite in South Africa—
formation of diamonds); latent heat
in the Earth from initial formation
of the planet

E12.EE2: The model of the Earth
contains aliquid magma core.

E12.EE3: Friction from
colliding/faulting/folding crust and
subducting plates: magmafor
formation of island arcs/volcanoes
(e.g., Mt. St. Helens, Mt Fuji; Mt.
Etna, Krakatoa); geothermal
activity (hot springs, geysers)

E12.EE4: Friction from upwelling
spreading plates: mid-oceanic
ridge lavaflows (e.g., Iceland,
Azores, Galapagos Is.)
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682
Grade4 | Grade8 | Grade 12
Energy in Earth Systems (EE)
E4.EE5: Temperature measures E8.EE11: Measurement of the
(e.g., of bottled water—oneleft in | length of shadows over intervals
%) sunlight, one left in shade) of months
é E4.EEG6: Location on map E8.EE12: Measurement of the
2 | projections of hot desert regions location of sunrise and sunset on
E and cold snow-covered the horizon
— | mountainous regions
E8.EE13: Calculation of
incoming solar radiation
E4.EE7: Drawings of convection | E8.EE14: Drawings of the Earth— | E12.EE5S: Modéls,
cells: warm air and water rise, Sun modél: revolution, rotation, representations, and/or map
cold air and water sink tilt-of-axis projections of volcanoes, plate
boundaries.
E4.EES8: Charts or bar graphs E8.EE15: Summer/Winter
reflecting variations in annual Solstice and Spring/Autumnal E12.EEG6: GISvisualizations
temperature measurements to Equinox
show seasons. E12.EE7: Urban heat islands
a E8.EE16: Map projections of
° major atmospheric and oceanic
o currents.
g E8.EE17: Graphs of annual
T average temperatures; distinctions
o among equatorial and mid-latitude
and polar profiles
E8.EE18: GIS models and
representations
Exclusions:
E8.EE19: Precession of axis
E8.EE20: Coriolis effect
E4.EEQ: Evaporation, convection | ES.EE21: Generally limited to E12.EES8: Generaly limited to
%” cells, light, heat, warm, cold, vocabulary in content statements | vocabulary in content statements
= | temperature with addition of equinoxes, (see aso Tectonics content
@ solstices, incoming solar statements)
o) radiation, mean annual
> temperatures
3
£
o
|_
&
®
=2
ks
(@)
683
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Grade4

| Grade 8

Grade 12

Climate and Weather (CW)

Examples

E4.CW1: Functions of smple
weather instruments

E4.CW2: How wesather conditions
may change during the day, from
day to day, and over seasons.

Exclusions:
E4.CW3: Should not assume
all students are familiar with
four seasons, as many students
livein tropical regions and
may never have experienced
snow

E8.CW1: Mechanism of
convection cells as adriver of
winds: A difference in how water
and land absorb energy from the
sun results in uneven hesating,
causing a convection current to
develop. We experience moving
air at the bottom of this current as
wind. (Seaand land breezes can be
used as context to assess
understanding of forces that drive
winds.)

E8.CW2: Uneven heating causes
global wind patternsas air rises
over the tropics and falls closer to
the poles, forming huge convection
(Hadley) cells.

E8.CW3: Movements of winds
across the surface of the globe
cause rotating weather systemsto
develop. These systems can be
related to weather maps and
storms.

E8.CW4: Extensive worldwide
ocean currents, driven by
convection (Conveyor Belt) dueto
changes in temperature and salinity
play an important role in climate.

Exclusions:
E8.CW5: Names of
convection processes such as
Hadley Cells, Coriolis Effect,
or Conveyor Belt theory.

E12.CW1: Energy flow from the
sun through the atmosphere
(provides a context for assessing
understanding of both weather and
climate).

E12.CW2: Application of energy
transfer concepts to weather and
climate phenomena. For example,
how local topography affects
weather; how greenhouse gases
“trap” infrared energy; and how
rotation of Earth affects global
wind patterns and storm systems
(Coriolis Effect).

E12.CW3: Mgor weather and
climate phenomena can include the
jet stream, Hi and Lo pressure
areas, phenomenarelated to
weather fronts, and possibly El
Nifio.

Exclusions:
E12.CW4: Going beyond
application of physics
principles, i.e., students should
not be expected to be
meteorologists.

I nstruments

E4.CW4: Images of or actual
weather instruments
(thermometers, weather vanes,
anemometers, rain gauges)—use of
these simple instruments to
measure weather conditions

Exclusions:
E4.CW5: Use of barometers
to measure pressure or
instruments to measure
humidity (both are weather
conditions that are harder for
4th gradersto visualize and
experience).

E8.CW6: Computer animations
illustrate global patterns
(animations can be used to
stimulate questions).

E8.CW7: Although not explicitly
referenced in the 8th grade content
statement, reference can be made
to weather instruments, including
those for 4th grade, plus
barometers to measure pressure.

E12.CWS5: Data on past climates
and levels of greenhouse gases
provided by ice cores.

E12.CW6: Manipulation of
computer simulationsto
demonstrate how physics principles
(and especially energy transfer
concepts) help to explain global
weather phenomena. For example,
asimulation might enable students
to manipulate factors (such as
fossil fuel use) to mitigate future
global warming.
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685
Grade 4 | Grade 8 Grade 12
Climate and Weather (CW)
E4.CW6: Interpretation of bar E8.CW8: Diagrams of weather E12.CW7: Interpretation of
graphs (histograms), where the x systems and/or satellite images of graphs, charts, and maps, both in
axisishoursor daysand they axis | Earth (students can be shown these | print and computer displays
o | istemperature or rainfall. and asked fundamental questions
5 about storm systems).
& | E4CWT: lllustrations (students
‘€ | can be shownillustrations and E8.CW9: Interpretation of weather
g asked about different weather maps, which generally show
= | conditions over hours, days, or weather patterns intermediate
68:' months). between global and local scales.
Exclusions:
E4.CW8: How weather differs
in different climate zones.
E4.CW9: Common vocabulary E8.CW10: Therearea E12.CW8: Technical termsrelated
related to the instruments, weather | considerable number of terms to both the physics principles and
conditions, and units. For example, | relevant this subtopic, including the weather and climate
%‘ thermometer (temperaturein °C) various names of weather phenomena are appropriate,
= | rain gauge (amount of rainin instruments, conditions, and although emphasis should be on
8 | centimeters) weather vane phenomena (e.g., high and low understanding the processes rather
8 | (direction from which wind is pressure areas, warm and cold than knowing the names of the
= | coming using compass points). fronts). Use the most common processes.
@ terms.
‘= | Exclusions:
§ E4.CW10: Termsrelatedto | Exclusions:
[t pressure or humidity or long- E8.CW11: Regarding drivers
term climate trends. of weather and its effects,
avoid technical terms where
possible
E4.CW11: Emphasisison E8.CW12: Global weather patterns | E12.CW9: Application of physics
observations and direct and how these affect local weather. | to the understanding of weather
< | measurements of weather and long-term climate changes, and
2 | conditions locally, and predicting Exclusions: how energy moves through Earth
§ changes in weather over time spans E8.CW13: Quantitative systems.
= | of days, weeks and months. analysis of energy flow
E through Earth systems.
O | Exclusions:
E4.CW12: Relating weather
to long-term climate changes.
686
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688 > ACTION ITEM: Insert boundaries for biogeochemical cycles.
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