, The Science
£ Content

M Standards for
Grades Six
Through
Eight

=




82

Y The Science Content
W & Standards for Grades Six

Through Eight

n each grade, kindergarten through
I grade five, the science content
standards cover the areas of physi-
cal, life, and earth sciences in approxi-
mately equal measures. In each of the
middle grades, however, the content
standards emphasize an individual area.
This organization permits students to

probe each area in greater depth.

* In grade six the content standards
focus on earth sciences. Students of-
ten become environmentally aware at
this grade level, and this focus is
meant to stimulate intellectual curios-
ity in that area.

* In grade seven the content standards
focus on life sciences. Students at this
grade level typically receive a semester
of health education, and this focus is
designed both to complement that
instruction and to prepare students
for the biology/life sciences course
work that is often taken in the early
high school years.

* In grade eight the content standards
focus on physical sciences. This focus
is designed to prepare students for the
physics and chemistry course work
that is often taken in the later high
school years.

In all three of the middle grades,
science instruction is intended to pro-
vide students with a solid foundation
for the more formal treatment of con-

cepts, principles, and theories called
for at the high school level.

Not all students will enter middle
school prepared for the rigorous sci-
ence curriculum called for in the
middle grades standards. Teachers
should use “catch up” strategies to
ensure that students are prepared for
high school science. One of the key
requirements is for students to have
foundational reading and mathematics
skills, as outlined in the State Board of
Education’s Reading/Language Arts
Framework for California Public Schools
and the Mathematics Framework for
California Public Schools." Those
frameworks provide specific strategies
for teachers to help students who are
below grade level in reading and math-
ematics.

Students who are prepared to un-
dertake the study of algebra (either as a
separate course or as part of an inte-
grated mathematics course) in grade
eight, as called for in the Mathematics
Content Standards for California Public
Schools, will be on the pathway for
success in high school science.? Those
who are not as well prepared will
struggle and may even fail in their sci-
ence classes to the great frustration of
their teachers and parents/guardians.
For example, students who have not
mastered arithmetic and algebra skills
will find chemistry difficult, if not



impossible. Science instruction should
provide opportunities for students to
use mathematics by solving problems.
Teachers may use science to both rein-
force mathematical abilities and deepen
students’ understanding of key math-
ematical concepts.

Safety is always the foremost con-
sideration in the design of demonstra-
tions, hands-on activities, laboratories,
and science projects on site or away
from school. Teachers must become
familiar with the Science Safety Hand-
book for California Public Schools. It

contains specific and useful informa-
tion relevant to classroom teachers of
science. School administrators, teach-
ers, parents/guardians, and students
have a legal and moral obligation to
promote safety in science education.
Safety should be taught. Scientists and
engineers in universities and industries
are required to follow strict environ-
mental health and safety regulations.
Knowing and following safe practices
in science are a part of understanding
the nature of science and scientific
enterprise.
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The science curriculum in grade six emphasizes the study of earth sciences. Stu-
dents at this age are increasing their awareness of the environment and are ready to
learn more. The standards in grade six present many of the foundations of geology
and geophysics, including plate tectonics and earth structure, topography, and en-
ergy. The material is linked to resource management and ecology, building on what
students have learned in previous grades. Unless students take a high school earth
science class, what they learn in grade six will be their foundation for earth science
literacy.

STANDARD SET |. Plate Tectonics
and Earth’s Structure

Plate tectonics is a unifying geologic theory that explains
the formation of major features of Earth’s surface and im-
portant geologic events. Although most scientists today
consider Alfred Wegener to be the pioneer of the modern
continental drift theory, he died with very little recognition for his accomplish-
ment. Wegener asserted that evidence on Earth’s surface indicated that the conti-
nents were once attached as an entire land mass. He theorized that this land mass
broke up into pieces that subsequently drifted apart. Today, geologists know that
plate tectonic processes are responsible for most of the major features of Earth’s
crust (including continental configuration, mountains, island arcs, and ocean floor
topography) and are an important contributor to the recycling of material in the
rock cycle. Driven by the flow of heat and material within Earth, these processes
cause stresses in Earth’s crust that are released through earthquakes and volcanic
activity. Mountain building counters the constant destructive effects of weathering
and erosion that eventually wear down Earth’s surface features.

I. Plate tectonics accounts for important features of Earth’s surface
and major geologic events. As a basis for understanding this con-
cept:

a. Students know evidence of plate tectonics is derived from the fit of the
continents; the location of earthquakes, volcanoes, and midocean
ridges; and the distribution of fossils, rock types, and ancient climatic
zones.

Evidence of past plate tectonic movement is recorded in Earth’s crustal rocks,
in the topography of the continents, and in the topography and age of the ocean
floor. Continental edges reflect that they were once part of a single large supercon-
tinent that Wegener named Pangaea. Upon the breakup of this supercontinent, the



individual continents were moved to their present locations by the forces that drive
plate tectonics. When the continental plates of today are returned to their super-
continent positions (through computer modeling), the fossil and sedimentary evi-
dence of ancient life distributions and climate becomes coherent, providing strong
support for the existence of Pangaea. As plates move in relation to one another,
landforms and topographic features, such as volcanoes, mountains, valleys, ocean
trenches, and midocean ridges, are generated along plate boundaries. Those regions
are also frequently associated with geothermal and seismic activity. There is strong
evidence that the divergence and convergence of the lithospheric plates did not
begin and end with Pangaea but have been going on continually for most of the
history of Earth.

Students should read and discuss expository texts that explain the process of
continental drift and study maps that show the gradual movement of land masses
over millions of years. Students may then model the process by cutting out conti-
nental shapes from a map of Earth and treating these continents as movable jigsaw
puzzle pieces. Students read about the underlying evidence for continental drift and
determine that the best-supported model of Pangaea shows a continuation of major
geologic features and fossil trends across continental margins. The “broken” pieces
of Pangaea can be gradually moved into their modern-day continental and oceanic
locations. In doing this students should think carefully about the rate and time
scale of the movement. This would be a good point in the curriculum to introduce
the differing compositions of the denser ocean floor (basaltic) rock and less-dense
continental (granitic) rocks. Students can also learn why most modern-day earth-
quakes and volcanoes occur at the “leading edges” of the moving continents.

I. b. Students know Earth is composed of several layers: a cold, brittle
lithosphere; a hot, convecting mantle; and a dense, metallic core.

Earth is not homogeneous solid rock but is composed of three distinct layers: a
rocky, thin, fractured outer layer called the crusz; a denser and thick middle layer
called the mantle; and a dense, metallic center called the core. Geologists also use
another classification scheme in which the outer, brittle layer of Earth is called the
lithosphere (from the Greek /ithos for rock). The lithosphere includes the crust and
the outermost portion of the mantle and is the part that is broken into the tectonic
plates. Students should know the properties of the crust, mantle, core, lithosphere,
and plastic mantle region just beneath the lithosphere called the asthenosphere.

Temperature increases with increasing depth as a consequence of the heat re-
leased by the decay of trace quantities of radioactive atoms that are contained
within Earth. Heating lowers the density of parts of the interior. Because an ar-
rangement of high-density material over low-density material cannot be gravita-
tionally stable, a vertical flow called convection develops. This convection can be
sustained as long as the interior continues to be heated, causing a continuous cy-
cling within Earth’s interior. Scientists gather evidence for the details of Earth’s
layered structure from the analysis of seismic P and S waves as they pass through
the planet. The content of this standard can be learned efficiently by the study of a
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cross-sectional model or diagram of Earth showing locations (to scale) of the crust,
mantle, and core with each subdivision labeled according to temperature, density,
composition, and physical state.

I. c. Students know lithospheric plates the size of continents and oceans
move at rates of centimeters per year in response to movements in
the mantle.

Convective flow in the mantle moves at rates measured in centimeters per year,
about as fast as fingernails grow. Mantle motion is transferred to the lithosphere at
its boundary with the asthenosphere. As a result of this coupling, the lithospheric
plates are carried passively along, riding as “passengers” at the same slow rate, in
much the same way that ice floats along on slow-moving water. These lithospheric
plates may be oceanic (i.e., they consist of rocks of basaltic composition) or conti-
nental (i.e., they consist of a more varied suite of rocks, mostly of granitic composi-
tion, covered in many places with a thin veneer of sedimentary rocks). Convective
flow is based on the “rising” and “sinking” of materials with different relative densi-
ties. Just as a hot-air balloon rises through lower temperature and therefore denser
air, hot convecting mantle can rise through lower temperature and therefore denser
rock, albeit very slowly. When the material cools and increases in density, it may
sink just like the hot-air balloon once the air inside has cooled. Oceanic lithosphere
cools after it forms at Earth’s surface and can eventually become dense enough that
it will sink into Earth’s interior, sliding under an adjacent plate that is less dense.

I. d. Students know that earthquakes are sudden motions along breaks in
the crust called faults and that volcanoes and fissures are locations
where magma reaches the surface.

The hot, moving mantle is responsible for many geologic events, including
most seismic and volcanic activity. As a result of the relative motion of the lithos-
pheric plates, the boundaries of the plates are subjected to stresses. When the rocks
are strained so much that they can no longer stretch or flow, they may rupture.
This rupture is manifested as sudden movement along a broken surface and is
called a faulr. The energy released is spread as complex waves (called earthquakes)
that travel through and around Earth. Volcanic phenomena, including explosive
eruptions and lava flows, may also result from interactions at the boundaries be-
tween plates. Molten gas-charged magma generated in the crust or mantle rises
buoyantly and exerts an upward force on Earth’s surface. If these rocks and gases
punch through the surface, they result in a variety of volcanic phenomena.

Using California-adopted texts, software, and other instructional materials
aligned with the Science Content Standards, students can study models of the inner
structures of volcanoes, the dynamics of the central crater, and the processes of
erupting and flowing lava. Students can study the various types of volcanoes and
how they form. They can also learn about different types of lava flows and the three
major types of volcanic landforms (cone, shield, and composite).



I. e. Students know major geologic events, such as earthquakes, volcanic
eruptions, and mountain building, result from plate motions.

Most (but not all) earthquakes and volcanic eruptions occur along plate bound-
aries where the plates are moving relative to one another. The movement is never
smooth; it may produce fractures or faults and may also generate heat. The sudden
shift of one plate on another plate along faults causes earthquakes. Volcanic erup-
tions may occur along faults in which one plate slides under another and sinks deep
enough to melt part of the descending material. This process of one plate sliding
under another is called subduction. Great mountain-building episodes occur when
two continental plates collide. The collision (although slow) is enormously power-
ful because of the mass of the continents. Over long periods of time, this process
may crumple and push up the margins of the colliding continents.

Students may use a large map of the world or of the Pacific Ocean (including
the entire Pacific Ocean Rim) to plot the locations of major earthquakes and volca-
nic eruptions during the past ten to 100 years. The locations of those tectonic
events may be found on the Internet or in various library resources. Different sym-
bols may be used to represent different depths or magnitudes of events. In studying
such a map, students should note that tectonic events form a “ring” that outlines
the Pacific Plate and that there is a Hawaiian “hot spot.” Landforms associated
with the plate boundaries include mountain belts, deep ocean trenches, and volca-
nic island arcs.

I. f. Students know how to explain major features of California geology
(including mountains, faults, volcanoes) in terms of plate tectonics.

Most of California resides on the North American lithospheric (continental)
plate, one of the several major plates, and many smaller plates that together form
the lithosphere of Earth. A small part of California, west of the San Andreas Fault,
lies on the adjacent Pacific (oceanic) Plate. Geologic interactions between these two
plates over time have created the complex pattern of mountain belts and interven-
ing large valleys that make up the current California landscape. Large parts of the
central and southern parts of California were once covered by a shallow sea. Inter-
actions with the Pacific Plate during the past few million years have compressed,
fractured, and uplifted the area. This tectonic deformation has buckled the litho-
sphere upward to create the high-standing coastal and transverse mountain ranges
and downward to form the lower-lying Central Valley, Los Angeles Basin, and
Ventura Basin.
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I. g. Students know how to determine the epicenter of an earthquake and
know that the effects of an earthquake on any region vary, depending
on the size of the earthquake, the distance of the region from the
epicenter, the local geology, and the type of construction in the
region.

An epicenter is that point on Earth’s surface directly above the place of an
earthquake’s first movement, or focus. It is located by seismic data recorded at a
minimum of three seismograph stations. The method of locating the epicenter is
based on the speed of seismic waves that travel through the ground—seen as their
relative times of arrival at seismic stations. These vibrations are called P- and §-
waves. P-, or primary, waves are compressional with particle motion in the same
direction as the wave propagation. S-, or secondary, waves are shearing with particle
motion perpendicular to the direction of wave propagation. S-waves travel at about
60 percent of the speed of P-waves.

The motion of P- and S-waves and the difference in their respective velocities
are easily modeled with a long and flexible spring (typically sold as a toy). Com-
pressing and releasing a few coils at the end of the spring stretched between two
students generates visible P-waves that travel the length of the spring and back in the
opposite direction. Slapping the side of the spring generates S-waves that travel as
sideways displacements down the length of the spring. If students measure the dis-
tance between the ends of the spring and the time it takes for the P- and S-waves to
travel the full length, they can calculate the different velocities of the two waves
along the spring.

Seismographs record the arrival time of the P- and S-waves. The knowledge that
both waves started at the same time allows one to determine the distance of the epi-
center. If three or more seismographs record distances to the same event, the epicen-
ter of the earthquake may be determined by triangulation.

Students in grade six can be taught to locate epicenters if they are given the ar-
rival times at various locations on a map, along with a simple velocity model. They
may also be asked to locate major geologic features in and near California, such as
Mount Lassen, the San Andreas Fault, the Sierra Nevada ranges, Death Valley, the
Baja Peninsula, and the San Francisco Peninsula. They can draw and relate these to
a map that includes outlines of the major tectonic plates. California’s population is
primarily concentrated near the San Andreas Fault and the system of faults that sur-
round it. Students can plot on a map the location of their school and nearby active
faults and research records of earthquake activity, ground motion, and fracturing.

Seismograph stations also record the amplitude of the ground motion, which
can be used to calculate the magnitude of an earthquake (a relative measure of the
amount of energy released). Magnitude is often reported according to the Richter
scale, with values that generally range from around 0 to a little less than 9. Each
increase of one number in magnitude represents a tenfold increase in ground shak-
ing. Geologists may also investigate the effects of an earthquake on structures (and
people’s reactions) and assign an intensity value to that earthquake. The intensity
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The magnitude of an earthquake is determined by the buildup of elastic strain roven =

(stored energy) in the crust at the place where ruptures (faults) may eventually oc-
cur. Unfortunately, many small earthquakes combined can release only a small

) .. - Grade Si
fraction of the stored energy. For example, it might take as many as one million :c‘:s :r:
earthquakes, each at a magnitude of 4.0 on the Richter scale to release the same Earth Sciences

amount of energy as a single earthquake at 8.0. Although each increase of one num-
ber on the Richter scale reflects a tenfold increase in ground shaking, it represents
nearly a thirtyfold increase in energy released. Therefore there is always a possibility
that a large, destructive earthquake will release most of the stored energy. Because
the materials through which earthquakes move can absorb energy and because the
energy is spread over a wider area as its waves propagate outward, an earthquake
tends to weaken with increasing distance from its epicenter. As earthquake waves
pass through the ground, unconsolidated materials, such as loose sediments or fill,
tend to shake more violently or undergo liquefaction more easily than do harder
materials. Buildings made of brittle materials (e.g., reinforced concrete, brick, or
adobe) tend to suffer greater earthquake damage than do those made of more flex-
ible materials (wood). Taller buildings are often more susceptible to earthquake
damage than are single story-buildings.

STANDARD SET 2. Shaping
Earth’s Surface

Over long periods of time, many changes have occurred in
Earth’s surface features. Forces related to plate tectonics
have elevated mountains. Atmospheric constituents (mostly

water, oxygen, and carbon dioxide) have interacted with
minerals and rocks at Earth’s surface, weakening them and breaking them down
through a process called chemical weathering. Physical processes involving, for ex-
ample, the growth of plants, the release of pressure as overlying material is eroded,
and the repeated freezing and thawing of water in cracks, have also helped to break
down rocks. Fragments are transported downslope by wind, water, and ice. Gravity
by itself moves material by way of landslides and slumps (called mass wasting). The
ultimate destination of most of the products of weathering is the ocean. These
products arrive in the form of marine sediment deposits. In time the mountains are
laid low, the rivers change their courses and disappear, and lakes and seas expand or
dry up. Eventually sediments, which have found their way to the oceans along con-
tinental margins, are compacted and changed to rock, then uplifted by continental
collision or subducted and melted under the crust. New mountains are formed, and
the cycle (called the geologic cycle) begins anew. Each cycle takes tens of millions of

years.
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2. Topography is reshaped by the weathering of rock and soil and by
the transportation and deposition of sediment. As a basis for under-
standing this concept:

a. Students know water running downhill is the dominant process in
shaping the landscape, including California’s landscape.

Water contributes to two processes that help shape the landscape—the break-
down of rock into smaller pieces by mechanical and chemical weathering and the
removal of rock and soil by erosion. Water is the primary agent in shaping
California’s landscape. Surface water flow, glaciers, wind, and ocean waves have all
been and continue to be active throughout California and the rest of the world in
shaping landscapes.

A “stream table” may be used to demonstrate the effectiveness of running water
as an erosion agent. Stream tables can be easily made from plastic bins or dishpans
filled with sand or gravel. The water source may be a hose, a siphon that draws
from a cup, or even a drip system. Students may use either gradient or water flow
rate as the independent variable. Rates of settling of different sizes of sediment
through water may be demonstrated through the use of a sediment jar.

2. b. Students know rivers and streams are dynamic systems that erode,
transport sediment, change course, and flood their banks in natural
and recurring patterns.

The energy of flowing water is great enough to pick up and carry sediment,
thereby lowering mountains and cutting valleys. Sediment carried by a stream may
be directed against solid rock with such force that it will cut or abrade the rock.
The steeper the slope and the greater the volume-flow of water, the more energy
the stream has to erode the land. The flow of water usually varies seasonally. At
times of heavy rainfall in a watershed, a stream may flood and overflow its banks as
the volume of water exceeds its containment capacity. Flooding may cause a stream
to change its path. A stream bank, which consists of sediment or bedrock, may
collapse and change the water’s course. One example of this is a stream’s tendency
to shorten its length by forming oxbow lakes. This redirection of the stream’s
course usually takes place in natural and recurring patterns year after year.

2. c. Students know beaches are dynamic systems in which the sand is sup-
plied by rivers and moved along the coast by the action of waves.

The final destination of sediment is usually the ocean. Coarse sediment (sand
size and larger) frequently is temporarily trapped along the shore as beach deposits
while the finest sediments are often washed directly out to sea and, in some cases,
carried by ocean currents for many miles. Waves that break at oblique angles to the
shore move sediment along the coast. Waves wash the sand parallel to the direction
in which they break, but the return water-flow brings sand directly down the slope
of the beach, resulting in a zigzag movement of the sand. Students can observe



differences in sand (e.g., size, color, shape, and composition) by using sand collec-
tions that may be obtained from various sources, including family and friends. The
differences result from the variety of rock sources from which the sand has come,
the weathering processes to which the rock has been subjected, and the complete-
ness of the weathering (i.e., how long the rock has been subjected to weathering).

Students should attempt to identify any minerals or rocks that would indicate
the kinds of weathered materials contained in the sand. Students examining sand
from California beaches will find constituents such as quartz, feldspar, shell frag-
ments, and magnetite. Magnetite is fun to extract by passing a magnet, wrapped in
a plastic bag, through the sand. Magnetite may be saved and later used in place of
iron filings to demonstrate magnetic field geometry for another standard.

2. d. Students know earthquakes, volcanic eruptions, landslides, and floods
change human and wildlife habitats.

Earthquakes can collapse structures, start fires, generate damaging zsunamis,
and trigger landslides. Landslides can destroy habitats by carrying away plants and
animals or by burying a habitat. Volcanic eruptions can bury habitats under lava or
volcanic ash, ignite fires, and harm air quality with hot toxic gases. Floods can bury
or wash away habitats.

Lives may be lost and property damaged when humans get in the way of those
powerful natural processes. Although construction (and human habitation) in areas
prone to natural disasters is often impossible to avoid, understanding the likelihood
of such disasters and taking steps to mitigate the potential effects would be wise.
Moreover, no construction too close to known hazards (e.g., on floodplains) would
be advisable. Certainly, the frequency (probability) and severity of flooding, land-
slides, and earthquakes must be considered when one decides on land use. Making
those decisions should be done after consideration of many factors, including the
use of scientific evidence to predict catastrophic events and the local impacts. Al-
though catastrophic events are usually adverse in the short term, some of them may
be beneficial in the long term. For example, river floods may deliver new, nutrient-
enriched soil for agriculture. Other catastrophic changes may introduce new habi-
tats, allow fresh minerals to surface, change climates, or give rise to new species.

STANDARD SET 3. Heat
(Thermal Energy) (Physical Science)

Prior to the nineteenth century, the transfer of heat was
assumed to be due to the flow of a substance called caloric,
an invisible, weightless fluid whose total quantity re-

mained constant. The caloric theory subscribed to the
belief that an object became hot when it was permeated by a large quantity of ca-
loric and cooled when some of its caloric flowed into other objects that had less
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caloric. This model was upset by the work of two scientists: Benjamin Thompson
(later known as Count Rumford) and James Joule. Rumford supervised the boring
of cannons. He noted that the water kept in the bores to prevent overheating boiled
continuously. This boiling was supposedly caused by the caloric that flowed from
the metal of the cannon as it was cut.

From his observations, however, Rumford deduced that this explanation could
not be correct because the boiling continued even when the boring tool became so
dull that it no longer had any effect on the metal. Apparently, the caloric was being
produced out of nothing. Rumford concluded that it was the work needed to turn
the dull tool, instead of caloric transfer, that was being converted into heat. In a
series of experiments, Joule showed that a given amount of mechanical work always
produced the same amount of heat no matter what kind of mechanical work was
done. This demonstration established that heat is indeed a form of energy. Today,
it is known that heat is energy contained in the random motion of atoms and mol-
ecules and that to heat an object is to increase the energy so stored.

Although students will not be exposed to kinetic molecular theory until high
school, teachers who understand the following points will be better able to discuss
the subjects of heat and heat transfer. The transfer of heat from a warmer object to
a colder object is referred to as heat flow. Heat may be transferred by conduction,
convection, or radiation. Standard Sets 3 and 4 in grade six deal in depth with the
relationships between heat and convection in Earth’s mantle, oceans, and atmo-
sphere. Material covered in those standards will build a foundation for the study of
heat. Students will learn that atoms are free to move in different ways in solids,
liquids, and gases and that heat may be given off or absorbed during chemical reac-
tions. The concept that heat is a form of energy associated with the motion of at-
oms and molecules is covered in high school. Students in grade six will study the
relationship between work and heat flow and will be required to solve problems
related to this subject.

3. Heat moves in a predictable flow from warmer objects to cooler
objects until all the objects are at the same temperature. As a basis
for understanding this concept:

a. Students know energy can be carried from one place to another by heat
flow or by waves, including water, light and sound waves, or by moving
objects.

Energy is transferred from one object to another as the result of a difference in
temperature. Heat flow is the transfer of energy from a warmer object to a cooler
object.

A wave is an oscillating disturbance that carries energy from one place to an-
other without a net movement of matter. For example, sound waves from one vi-
brating object can cause other objects, such as eardrums, to vibrate. Electromagnetic
waves can also carry energy. One example of this phenomenon is the transfer of
heat from the Sun to Earth. Students may think of the infrared radiation escaping
from a bed of hot coals and warming their hands as another example of heat flow.



Energy can also be transferred by the movement of matter. For example, the
energy supplied by the pitcher’s arm transports a pitched baseball to the catcher’s
mitt.

3. b. Students know that when fuel is consumed, most of the energy
released becomes heat energy.

When fuel is burned, energy stored in the fuel’s chemical bonds is released as
heat and light. Only a small portion of the energy contained in the original fuel
remains locked in the waste products left over after the fuel has been consumed.
Although the heat derived from fuels is often used in turn to drive engines that
perform useful work, an important understanding is that even the work performed
ultimately tends to be transformed into heat. For example, an automobile set into
motion and braked to rest transforms most of its kinetic energy into heating the
brake pads by friction. As a demonstration the teacher might light a candle in the
classroom and let students know that the wax in the candle is the fuel that com-
bines with oxygen in the air to produce both heat and light. Most of the heat is
transferred to the room by the hot gases rising from the flame. Glowing particles of
soot (the source of the yellow light) also transfer energy from the flame. Students
might be asked to develop an explanation of how heat is transferred from the burn-
ing fuel to a container of water heated by the candle, using the concepts and prin-
ciples called for in this standard set.

3. c. Students know heat flows in solids by conduction (which involves no
flow of matter) and in fluids by conduction and by convection (which
involves flow of matter).

This standard focuses on differences between heat transfer by conduction and
by convection and begins to build an understanding of the kinetic molecular theory
of heat transfer. In both solids and fluids (liquids and gases), heat transfer is mea-
sured by changes in temperature.

Conduction occurs when a group of atoms or molecules whose average kinetic
energy is greater than that of another group transfers some of that excess energy by
means of collisions. Because hot objects have atoms with greater average kinetic
energy than do cold ones, there is a transfer of this kinetic energy from hot to cold.
In a solid the atoms vibrate in place, but energy may still be transferred from atom
to atom as happens when a pan is placed on a stove and its handle becomes hot.
The same mechanism describes the conduction of heat in liquids and gases, where
the atoms are free to slip past one another provided there is no cumulative flow in
the material. To demonstrate conduction a teacher might wrap some paper (to
form a handle) around the end of a metal rod about 30 centimeters long and use
paraffin to attach a series of thumbtacks, spaced about two centimeters apart, along
the rod. The teacher then holds the rod by the handle and places the free end over
a candle or in a burner flame. As heat is conducted along the rod, the tacks drop
away one by one.
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Convection occurs because most fluids become less dense when heated; the hot
fluid will rise through cold fluid because of the hot fluid’s greater buoyancy. As hot
fluid arises away from a heat source, it may cool, become denser, and sink back to
the source to be warmed again. The resulting circulation is called a convection
current. Convection currents account for the water in a kettle reaching a uniform
temperature although the kettle is warmed only at the bottom. The effects of
convection may be investigated by placing finely shredded paper into a large heat-
resistant beaker or roasting pan filled with cold water. After the paper is saturated
and sinks to the bottom of the container, the teacher may apply heat from a hot
plate and note that the paper particles move upward near the heat source and
downward away from it.

3. d. Students know heat energy is also transferred between objects by
radiation (radiation can travel through space).

Another form of energy transfer between objects is radiation: the emission and
absorption of electromagnetic waves. Radiation is fundamentally different from
conduction and convection in that the objects do not have to be in contact with
each other or be joined by a solid or fluid material. Heating by sunlight is an obvi-
ous example of radiant energy transfer. Both the heat and the light that can be seen
are forms of electromagnetic radiation. Calling attention to this fact may help dispel
the common misconception that all radiation is harmful.

STANDARD SET 4. Energy in the
Earth System

Energy that reaches Earth’s surface comes primarily as
radiation from the Sun. Solar energy includes the full elec-
tromagnetic spectrum, but most of it is carried in the vis-

ible region. Because the atmosphere is transparent to
visible light, most of this incoming energy is transferred to Earth’s surface. Conduc-
tive transfer and reradiation of this energy heat the lower atmosphere and result in
convection currents that distribute the heat into the atmosphere.

Solar radiation heats Earth’s surface unevenly, resulting in thermal gradients in
the atmosphere. Variations in the angle of sunlight influence the amount of energy
reaching each square meter of Earth’s surface and largely account for the uneven
heating of the surface. The angle of sunlight varies because of Earth’s spherical
shape and because the Sun’s rays travel in a straight line parallel to one another. If a
surface area of this planet is directly perpendicular to the Sun (meaning the Sun is
directly overhead), then the rays strike at a 90-degree angle, resulting in maximum
absorption of solar radiation because the energy is concentrated on a relatively small
area. As the surface curves away from this spot, the angle at which sunlight strikes it
becomes smaller, and the same amount of solar radiation is spread over a broader
area.



The uneven heating of Earth’s surface and the tilt of its axis (66.5 degrees to the
orbital plane or 23.5 degrees to the perpendicular) account for the seasons and ex-
tremely cold north and south poles. Clouds and the varied reflectivity of Earth’s
surface contribute to uneven heating. In general, however, the total solar energy
transferred to Earth is nearly constant, and all the energy gains and losses are in
balance. Consequently, Earth enjoys climates that are relatively stable for thousands
of years, with predictable temperature ranges and weather patterns that can be
broadly forecast.

Various heat exchange mechanisms operate in the Earth system. Ocean surface
water is heated by the Sun and mixed by convection currents. The atmosphere ex-
changes heat with the oceans and land masses by means of conduction. Warm air
near Earth’s surface rises and cooler air descends, causing atmospheric convection
currents. Different parts of the ocean have different temperatures and salinities,
resulting in deep convection currents. The convection currents in the atmosphere
move evaporated water away from ocean surfaces; from there the water vapor can be
picked up by winds and carried to other locations where it may condense as precipi-
tation. In this manner both heat and water are transported.

The observed patterns of surface winds are mostly the result of convection cur-
rents caused by uneven surface heating. Winds are deflected by the Coriolis effect
(caused by the west-to-east turning of Earth) and by topography. Latitude, winds
(speed, direction, and moisture content), and the elevation of the land and its prox-
imity to the ocean largely determine the climate and corresponding weather pat-
terns in any particular region.

Earth’s crust contains localized concentrations of internal heat, as evidenced by
volcanoes, hot springs, and geysers. However, the total amount of heat transferred
to the atmosphere from Earth’s crust is minute compared with the amount of heat
the surface receives from the Sun.

4. Many phenomena on Earth’s surface are affected by the transfer of
energy through radiation and convection currents. As a basis for
understanding this concept:

a. Students know the sun is the major source of energy for phenomena on
Earth’s surface; it powers winds, ocean currents, and the water cycle.

Radiation from the Sun penetrates the atmosphere by heating the air, the
oceans, and the land. Solar radiation is also converted directly to stored energy in
plants through photosynthesis. The Sun is a constant, close-to-uniform source of
energy that is responsible for the climate and weather, drives the water cycle, and
makes life possible on Earth.

4. b. Students know solar energy reaches Earth through radiation, mostly in
the form of visible light.

A full-wavelength spectrum of electromagnetic energy is present in solar radia-
tion from below the infrared to above the ultraviolet. However, most of the energy
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radiated by the Sun is in the visible or near visible part of the light spectrum, and
that is largely the part that penetrates the transparent atmosphere and reaches
Earth’s surface. Because blue light is scattered by the atmosphere more than yellow
light, the sky looks blue and the Sun looks yellow. Students should understand that
both long- and short-wavelength radiation may interact in various ways with atmo-
spheric constituents and may be absorbed by atmospheric constituents in different
amounts; however, the wavelengths of visible light are not greatly absorbed by any
atmospheric constituent.

4. c. Students know heat from Earth’s interior reaches the surface primarily
through convection.

Heat from the interior of Earth moves toward the cooler crustal surface. Rock
is a poor conductor of heat; therefore, most of the transfer of heat occurs through
convection. Convection currents in the mantle provide the power for plate tectonic
movements. Heat reaching Earth’s surface in this manner is transferred to the at-
mosphere in relatively small amounts.

4. d. Students know convection currents distribute heat in the atmosphere
and oceans.

Convection plays a central role in transferring heat energy from place to place
in the atmosphere and ocean. Uneven heating of the land and ocean causes convec-
tion currents. This movement of air and water creates the wind and ocean currents
that are deflected by the geography of the land and the rotation of Earth. Students
can investigate atmospheric convection currents on a small scale by using a smoke
chimney or fog chamber. In the absence of more sophisticated equipment, much
can be observed about atmospheric convection by studying what happens to visible
water droplets (condensing steam) as they exit a boiling teakettle.

There are several ways to investigate convection currents in a liquid. One way is
to float a large ice cube (tinted with food coloring) on hot water and trace the re-
sulting convection currents. Another way is to heat one end of an elongated cake
pan full of water. Convection may be observed by adding drops of food coloring.

4. e. Students know differences in pressure, heat, air movement, and hu-
midity result in changes of weather.

Changes in local temperatures, atmospheric pressure, wind, and humidity cre-
ate the weather that everyone experiences. All those effects are connected directly to
the processes associated with the transfer of solar energy to Earth and redistribution
of that energy in the form of heat. Precipitation occurs when moist air is cooled
below its condensation temperature (dew point).

Great currents circle the globe in the convecting atmosphere and ocean, created
by atmospheric pressure and temperature gradients that, in turn, spin off local
winds and eddies. Temperature differences also lead to changes in humidity and
precipitation. The local set of these descriptive measures is called weather, and the



changes result in weather patterns. The long-term seasonal average of these weather
patterns defines the climate of an area.

STANDARD SET 5. Ecology (Life Sciences)

All living organisms are a part of dynamic systems that
continually exchange energy. These systems are regulated
by both biotic and abiotic factors. Nutrients needed to
sustain life in an ecosystem are cycled and reused, but the
energy that flows through the ecosystem is lost as heat and
must constantly be renewed. Green plants are the foundation of the energy flow in
most ecosystems because they are capable of producing their own food by photo-
synthesis. Because energy is either used by consumers or depleted in a logical pro-
gression, it can be said to flow through a food web (also known as a food chain).
A food web may be represented as an energy pyramid with green plants as a base,
midlevel consumers in the middle, and a few top-level predators at the apex. Scav-
engers and decomposers are the final members of an energy pyramid as they clean
up the environment and return matter (nutrients) to Earth. A food web can also
show the various roles played by plants and animals as producers, consumers, and
decomposers.

5. Organisms in ecosystems exchange energy and nutrients among
themselves and with the environment. As a basis for understanding
this concept:

a. Students know energy entering ecosystems as sunlight is transferred by
producers into chemical energy through photosynthesis and then from
organism to organism through food webs.

A food web depicts how energy is passed from organism to organism. Plants and
photosynthetic microorganisms, or producers, are the foundation of a successful
food web because they do not need to consume other organisms to gain energy.
Instead, they gain their energy by transforming solar energy through photosynthesis
into chemical energy that is stored in their cells.

5. b. Students know matter is transferred over time from one organism to
others in the food web and between organisms and the physical
environment.

Energy and matter are transferred from one organism to another organism
through consumption. Plants are eaten by primary consumers (herbivores); most
herbivores are eaten by secondary consumers (carnivores); and those consumers are
eaten by tertiary consumers (often top-level predators). At the microscopic scale
photosynthetic bacteria (cyanobacteria) and protists or single-celled eukaryotic or-
ganisms (e.g., dinoflagellates) are consumed by heterotrophic protists (e.g., amoebae
and ciliates), which are also called protozoans. Protozoans are consumed by other
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larger protozoans and by small animals such as cnidarians, arthropods, and nema-
todes. Energy is transferred from organisms (microorganisms, plants, fungi, and
animals) to the physical environment through heat loss. Carbon is returned to the
physical environment as airborne carbon dioxide through the respiration of organ-
isms. Water is also cycled. Students may use science texts and other library materi-
als to research organisms included in the food webs of particular ecosystems.
Students can draw model food webs to demonstrate how food energy is transferred
from plants to consumers and from consumer to consumer through predation. Stu-
dents can also depict the hierarchy of consumers and the transfer and loss of energy
from herbivores through secondary consumers to the top carnivores in a food web
or energy pyramid. Students should know that energy is lost to the physical envi-
ronment at every hierarchical level.

5. c. Students know populations of organisms can be categorized by the
functions they serve in an ecosystem.

Organisms in a population may be categorized by whether they are producers
of chemical energy from solar energy (e.g., plants and photosynthetic microorgan-
isms) or consumers of chemical energy (e.g., animals, fungi, and heterotrophic pro-
tists) and, if they are consumers, whether they are predators, scavengers, or
decomposers. Many consumers may be categorized in multiple ways, such as omni-
vores that eat both plants and animals and opportunistic consumers that act as both
predators and scavengers. Teachers may provide the class with a nonordered,
noncategorized list of four or five plants, eight to ten consumers (four or five pri-
mary consumers, three or four secondary consumers, and one or two tertiary con-
sumers [or top-level predators]), one or two decomposers, and one or two
scavengers. Using a science text or appropriate research materials from the school
library, students can identify the organisms by food web order and ecological func-
tion. Students can then arrange the organisms into an energy pyramid with the
decomposers and scavengers identified and noted separately. The final task is to
draw arrows between members of the pyramid to depict the predation sequence.

5. d. Students know different kinds of organisms may play similar ecological
roles in similar biomes.

Ecological roles are defined by the environment and not by any particular or-
ganism. For example, Australia has plants that are unique to that continent yet play
the same role as other kinds of plants in similar environments elsewhere. In the rain
forests of South America, the mammalian consumers and predators are placental
(nonmarsupial) sloths, deer, monkeys, rodents, and cats. In the rain forests of Aus-
tralia, marsupial kangaroos, wallabies, bandicoots, and so forth play the same eco-
logical roles. Students may be assigned or may choose to research specific organisms
that occupy similar biomes in widely separated geographic locales. Students should
be encouraged to use a variety of library resources, such as expository texts, the
Internet, CD-ROM reference materials, videos, laser programs, or periodicals.



5. e. Students know the number and types of organisms an ecosystem can
support depends on the resources available and on abiotic factors,
such as quantities of light and water, a range of temperatures, and
soil composition.

There is a greater variety of types of organisms in temperate or tropical envi-
ronments than in deserts or polar tundra. The number of organisms supported by
an ecosystem also varies from season to season. More organisms thrive during tem-
perate summers than can survive icy winters. More organisms can multiply during
a desert’s cooler, wetter winters than can live through its hotter, drier summers.
Students should understand that the richness of plant growth controls the diversity
of life types and number of organisms that can be supported in an ecosystem (the
base of the pyramid). Richness of plant growth depends on abiotic factors, such as
water, sunlight, moderate temperatures, temperature ranges, and composition of
the soils. To support vigorous growth, soils must contain sufficient minerals
(e.g., nitrogen, phosphorus, potassium) and humus (decomposed organic materials)
without excess acidity or alkalinity. The teacher may point out that the number of
plant-eating animals in an ecosystem depends directly on the available edible
plants, and the number of predators in a system depends on the available prey.

STANDARD SET 6. Resources

v

Although this standard set deals with the concept of finite
resources, the emphasis is on energy. Much of the energy
used worldwide is derived from nonrenewable fossil fuels,
such as coal, oil, and natural gas. Those resources are be-
ing consumed at rates far faster than their geologically
slow formation rates. Uranium (for fission energy) and deuterium (for fusion en-
ergy) are also finite but are in abundant supply (deuterium is almost inexhaustible).
Industrial waste and pollution result from nuclear power generation and the burn-
ing of fossil fuels. The extraction (mining) and processing (smelting) of both en-
ergy and nonenergy resources also have environmental consequences. There are
numerous types of renewable energy resources, including solar, wind, hydroelectric,
and geothermal, but they are largely undeveloped or underdeveloped. Knowing the
forms, conversion processes, end-uses, and impact of wastes involved in using natu-
ral resources, whether for energy or materials, is critical in making decisions and
trade-offs about how those resources will be used.
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6. Sources of energy and materials differ in amounts, distribution,
usefulness, and the time required for their formation. As a basis for
understanding this concept:

a. Students know the utility of energy sources is determined by factors
that are involved in converting these sources to useful forms and the
consequences of the conversion process.

Useful energy sources are those that can be converted readily to forms of energy
needed for heat, light, and transportation. Technologies have been developed to
convert various forms of energy (e.g., oil, gas, solar, nuclear, wind, and wave) to
meet those needs. For example, manufacturers have learned how to refine oil to
make gasoline, which can then be used in the combustion engine to provide trans-
portation or in power generators to produce electricity. The energy sources consid-
ered the most useful are those for which the most cost-effective conversion
technologies have been developed. For transportation purposes solar energy is not
considered as useful mainly because inexpensive and efficient solar energy storage
systems have yet to be developed. Until those systems are developed, solar energy
will not be able to meet the demand for reliable levels of power or provide a driving
range comparable to that provided by gasoline and diesel fuels.

Students should be taught the concept of nonmonetary costs of energy. Mining
coal leaves large, open pits and may pollute the atmosphere with the exhaust of
heavy mining machinery. Power plants may also pollute the atmosphere with the
exhaust from burning fossil fuels. Nuclear power plants must exhaust excess heat,
often in the form of hot water introduced into rivers and oceans. Hydroelectric
energy, although it is renewable and has no effect on air quality, requires the dam-
ming of streams—a measure that carries upstream environmental implications and
downstream consequences on sediment load and beaches as well as the possibility
of disaster caused by dam failures. Students may use published materials and
Internet resources (consistent with Internet-use policies in effect at the school) to
research, evaluate, and report on the environmental consequences. In this way they
can develop a clearer understanding of the nonmonetary costs of energy in relation
to environmental protection (conservation). Students can rate the environmental
advantages and disadvantages of heating a home with electricity, natural gas (or
propane), solar power, oil, or coal.

6. b. Students know different natural energy and material resources,
including air, soil, rocks, minerals, petroleum, fresh water, wildlife,
and forests, and know how to classify them as renewable or
nonrenewable.

Renewable and nonrenewable energy and natural resources depend on both the
process and the time needed to create energy sources. Solar energy cannot be ex-
hausted nor can fuels for fusion; therefore, they are sometimes referred to as renew-
able. Hydroelectric power is dependent on the water cycle (driven by solar energy)
and is considered a renewable resource. Because biomass will grow back quickly to



replace that used for fuel or materials, it is also considered renewable. However, if
habitats and species are lost in the process of harvesting the biomass, the resources
are nonrenewable in that sense. Trees used for fuel or building materials can be
replaced only if the rate of use does not exceed the time needed to grow replace-
ment trees and if the land is not altered to become unusable for that purpose. Fos-
sil fuels (coal, oil, natural gas) were formed on geologic time scales and are
considered nonrenewable resources.

6. c. Students know the natural origin of the materials used to make
common objects.

This standard deals with the ultimate sources of common objects. Students
often do not consider or even know the natural origins of commonly used goods.
They must be reminded that manufactured items do not appear magically and that
the ultimate cost of acquiring the objects goes far beyond the price sticker. Stu-
dents can count the objects in their classroom to make an inventory and trace
them back to the natural materials from which they were manufactured. Students
can then classify the materials as renewable or nonrenewable. They may need to do
some careful research to discover the origins of some materials. For example, a
simple pencil contains wood and lead. But the pencil lead is actually a mixture of
graphite and clay. If the pencil has an eraser, the rubber from a plant (or plastic
from petroleum) and metal for the holder must be included. Students may realize
in looking at clothing, paper, paint, tiles, windows, projectors, computers, chairs,
books, chalk, crayons, brooms, and so on that plastics and synthetic materials are
derived from oil.

Lo R |

STANDARD SET 7. Investigation
and Experimentation

Students are expected to formulate a hypothesis for the
first time. A hypothesis is a proposition assumed as a ba-
sis for reasoning and often subject to the testing of its
validity. The scientific hypothesis provides an explanation
of a set of observations and may incorporate observations, concepts, principles, and
theories about the natural world. Hypotheses lead to predictions that can be tested.
If the predictions are verified, the hypothesis is provisionally corroborated. If the
predictions are incorrect, the original hypothesis is proved false and must be aban-
doned or modified.

Hypotheses may be used to build more complex inferences and explanations.
Hypotheses always precede predictions. However, for simple investigations the
hypothesis that led to a prediction may not be easily identified because of its sim-
plicity or its complexity. Prediction follows observation in grades three to five.
After grade six students should recognize and develop a hypothesis as a part of
their experimental design. In grade six the focus on earth science can provide many
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chaIs“‘f" 4 opportunities in the Investigation and Experimentation standards to develop stu-
The Science 5 .- . . .

Content dents ‘ablhty to design experiments and to select and use tools for measuring and
Standards for observmg.

Grades Six

Th h Eigh . 0 . c . .
rougn Hent 1. Scientific progress is made by asking meaningful questions and con-

ducting careful investigations. As a basis for understanding this con-
cept and addressing the content in the other three strands, students
Grade Six should develop their own questions and perform investigations. Stu-

Focus on dents will:

Earth Sciences q
a. Develop a hypothesis.

b. Select and use appropriate tools and technology (including calculators,
computers, balances, spring scales, microscopes, and binoculars) to
perform tests, collect data, and display data.

c. Construct appropriate graphs from data and develop qualitative state-
ments about the relationships between variables.

d. Communicate the steps and results from an investigation in written
reports and oral presentations.

e. Recognize whether evidence is consistent with a proposed explanation.

f. Read a topographic map and a geologic map for evidence provided on
the maps and construct and interpret a simple scale map.

g. Interpret events by sequence and time from natural phenomena
(e.g., the relative ages of rocks and intrusions).

h. Identify changes in natural phenomena over time without manipulating
the phenomena (e.g., a tree limb, a grove of trees, a stream, a
hillslope).




_ Focus on Life Sciences

ow is an exciting time for the study of life sciences. Knowledge of

biological systems is expanding rapidly, and the development of new

technologies has led to major advances in medicine, agriculture, and envi-
ronmental management. A foundation in modern biological sciences, with an
emphasis on molecular biology, is essential for students who will become public
school science teachers, college and university science professors and researchers,
and specialists in technological fields.

Another definitive reason for a focus on life science in grade seven is the stu-
dents’ own biological and behavioral transition into early adolescence. Young ado-
lescents make decisions that may have an enormous influence on their lives. The
study of life science provides a knowledge base on which adolescents can make
well-informed and wise decisions about their health and behavior. The relevance of
the curriculum to students’ lives helps students to maintain an interest in science
and to expand their knowledge of the natural sciences.

The Health Framework for California Public Schools is a valuable resource for
science teachers.* It contains grade-level expectations for health education that pro-
vide important connections to the life science curriculum. Specific statutes require
parental notification regarding the teaching of topics related to human growth and
development.

ﬂ ' ﬂ STANDARD SET I. Cell Biology
ﬂu 7

.u_.u In the middle grades students expand their knowledge of

s living systems to include the study of cells, the fundamen-
tal units of life.
™ nn. na In grade five students learned about the organs or tis-

sues for respiration, digestion, waste disposal, and trans-
port of materials in plants and animals. They were also first introduced to cellular
functions when they studied cellular respiration in animals and plants and photo-
synthesis in plants. These studies are complemented in grade seven by new material
on the cellular organelles responsible for those functions.

The standards in grade six covered ecology, and students in that grade learned
how energy in the form of sunlight is transformed by producers into chemical en-
ergy through the process of photosynthesis. The study of energy transfer through
food webs provided a foundation for a more detailed exploration at the cellular
level of how plant chloroplasts capture sunlight energy for photosynthesis and how
mitochondria liberate energy for the work that cells do.
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I. All living organisms are composed of cells, from just one to many
trillions, whose details usually are visible only through a microscope.
As a basis for understanding this concept:

a. Students know cells function similarly in all living organisms.

There are fundamental aspects of cell function that are similar regardless of the
organism in which the cell resides. For example, cells contain a DNA (deoxyribo-
nucleic acid) genome (i.e., all genetic material in a cell) and express the genome by
using a universal genetic code. The biochemical pathways in cells, such as those for
cell division and energy production, are strikingly similar even though the cells
serve different functions in and between organisms. Many proteins synthesized by
cells have similar functions, such as serving as enzymes that promote chemical reac-
tions in the cell. There are significant functional differences between cells in an
organism as they become differentiated, or specialized (e.g., a liver or a brain cell).
There are also significant differences between cells in different environments, such
as the Escherichia bacterium living in an intestine or a Thermophilus bacterium living
in a superheated geyser. Biological science has been greatly advanced by the uncov-
ering of both similarities and differences among cells.

I. b. Students know the characteristics that distinguish plant cells from ani-
mal cells, including chloroplasts and cell walls.

Plant cells are surrounded by a cell wall (made primarily of cellulose) that is
rigid and limits the shape of the cell membrane. Animal cells, however, are not sur-
rounded by a cell wall, and their shape is defined by their underlying cytoskeleton.
Many plant cells contain chloroplasts and a central vacuole, neither of which is
found in animal cells. Those differences between plant and animal cells may be
made apparent by microscopy as sections of plant and animal tissue are appropri-
ately stained to highlight the structures. Images of cells are also available on the
Internet and in textbooks. Labeled diagrams will help students learn about struc-
tures that are too small to be seen with the use of classroom microscopes.

I. c. Students know the nucleus is the repository for genetic information in
plant and animal cells.

Chromosomes containing genes reside in the nucleus. When an interphase cell
is observed by using a light microscope, the inside of the nucleus may appear to be
homogeneous because the chromosomal DNA is not condensed. In an appropri-
ately fixed and stained section of onion root (obtainable from commercial sources),
the DNA will be visible as a disk-shaped area, apparently constrained within a
nucleus. This is the best stage in which to visualize DNA in learning the content of
the standard. If the root tissue had a high rate of growth at the time it was sectioned
and fixed, a fraction of the cells may be in one of the stages of mitosis. In that case
the chromosomes will be visibly condensed but will not be limited by a nuclear
membrane. This phenomenon must be explained carefully so that students do not



develop a misconception about the distribution of DNA in a cell on the sole basis
of their observation of mitotic chromosomes.

I. d. Students know that mitochondria liberate energy for the work that
cells do and that chloroplasts capture sunlight energy for photosyn-
thesis.

Students may already understand that the food they eat provides them with
energy in an informal sense. At the cellular level the mitochondrion is responsible
for efficiently extracting the chemical energy from molecules that have been broken
down mostly from ingested food. The energy liberated by mitochondria is still
stored in the form of chemical energy but in molecules that are readily accessible
for energy release. Chloroplasts use pigments to absorb the energy in sunlight. This
captured energy is used to drive a chemical reaction within the chloroplast in which
carbon dioxide from the air is used as a source of carbon to form sugar molecules
from which mitochondria extract energy used in the cell.

I. e. Students know cells divide to increase their numbers through a pro-
cess of mitosis, which results in two daughter cells with identical sets
of chromosomes.

Just as living organisms are said to have a life cycle that relates to their periods
of growth and reproduction, cells are said to have a “cell cycle.” Cells reproduce
themselves by a process called mitosis. The process takes place after a period of
growth during which the DNA in the nucleus is replicated and cytoplasmic or-
ganelles, such as mitochondria and chloroplasts, are doubled in number. During
mitosis the replicated DNA chromosomes are segregated so that each daughter cell
receives exactly the same number of chromosomes of each type (e.g., two of each
type in a diploid organism). Students may observe mitotic chromosomes by light
microscopy in a stained section of rapidly growing tissue. Time-lapse videos and
movies of cell division will also help to illuminate the process of chromosome segre-
gation.

I. f. Students know that as multicellular organisms develop, their cells
differentiate.

In most multicellular organisms there is a division of labor among cells. Some
cells in humans are brain cells; others are stomach, skin, or muscle cells. Although
those cells are clearly different, their ancestry can be traced back to a single fertilized
egg. During the development of an embryo, some cells become fixed in their devel-
opmental program and are said to be differentiated. For example, cells that will
eventually divide to give rise to the stomach and intestines are distinguished at a
very early stage from cells that will divide to give rise to the central nervous system
and eyes. At later stages of development, a more fine-grained differentiation takes
place. For example, some cells in the retina of the eye become rod cells (for vision
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in dim light) and others become cone cells (for color vision). After differentiation,
most cells in humans lose the ability to become other types of cells.

In plants the cells often retain the ability to differentiate into other tissues. For
example, a leaf of an African violet can set roots in soil and develop into a new
plant. Although the leaf is clearly differentiated, it is not fixed in its developmental
potential in the way that animal cells typically are (an exception being the animal’s
germ cells that lead to eggs and sperm).

y STANDARD SET 2. Genetics

- ¥ © Genetics is the study of the biological processes involved
( H“!!-q,,ﬁ“% in transmitting the unique characteristics of an organism
o) % o its offspring. Discovering the genetic principles and
B mechanisms that account for growth, senescence, and
: heredity has been a great accomplishment of modern sci-
ence. Gregor Mendel’s studies of pea plants revealed the concept of genes and the
rules for the inheritance of traits. Today it is understood that those rules are based
on the chemical composition and structure of DNA. Students in grade seven will
learn some of those rules, which will serve as a foundation for high school biologi-
cal sciences.

2. A typical cell of any organism contains genetic instructions that
specify its traits. Those traits may be modified by environmental
influences. As a basis for understanding this concept:

a. Students know the differences between the life cycles and reproduction
methods of sexual and asexual organisms.

Sexual reproduction entails fertilization, an event in animals that requires the
fusion of an egg cell with a sperm cell. The fertilized egg (the zygote) goes through
a series of cell divisions (mitosis) and developmental steps to generate a new organ-
ism genetically related to its parents. Pollination of flowering plants and growth of
a new genetically related plant from seed should also be presented as examples of a
sexual life cycle.

Some organisms exclusively reproduce without a fertilization event. This
method is called asexual reproduction. Protists (single-celled eukaryotic organisms)
often have no known sexual cycle and reproduce solely by mitotic division. Fungi
and plants often have both sexual and asexual methods of reproduction. For ex-
ample, plants may be propagated from a seed (sexual method) or a cutting (asexual
method). Although a seed is related to two parental plants, a cutting is genetically
identical to the plant from which it was taken. Some primitive animals, such as the
flatworm Planaria, can divide themselves asexually into two genetically identical
organisms. Asexual reproduction should not be confused with reproduction in
primitive animals such as nematodes. Asexual reproduction should also not be con-
fused with hermaphroditic sexual reproduction that entails fusion of eggs and
sperm generated by a single organism.



2. b. Students know sexual reproduction produces offspring that inherit half
their genes from each parent.

Sexual reproduction combines the genetic material from two different cells. In
most animal species, including humans, the genetic information is contributed
from two different parents, nearly half from the biological mother and half from
the biological father. Mitochondria DNA is derived solely from the mother, mak-
ing possible the tracing of heritage from grandmothers to grandchildren with great
certainty. During fertilization the egg and sperm cells combine their single sets of
chromosomes to form a zygote containing two sets, or the diploid number, of chro-
mosomes for a species (half from each parent).

2. c. Students know an inherited trait can be determined by one or more
genes.

In the preceding standard the idea of genes was introduced to students as some-
thing inherited from each parent in roughly equal quantities. This standard draws a
correlation between genes and the inherited traits or features of an organism. For
example, attached or unattached earlobes is an inherited trait typically determined
by a single gene (inherited from each parent). Having attached or unattached ear-
lobes is very likely just one visible manifestation of that particular gene, which may
have many other important roles during development that have not been cataloged.
A single gene may affect more than one trait or feature in an organism. Many traits,
such as hair and eye color, are determined by multiple genes and do not have
simple patterns of inheritance. Although an organism’s genes define every inherited
trait, there is not always a one-to-one correspondence between trait and gene.

2. d. Students know plant and animal cells contain many thousands of differ-
ent genes and typically have two copies of every gene. The two
copies (or alleles) of the gene may or may not be identical, and one
may be dominant in determining the phenotype while the other is
recessive.

This standard introduces some principles of Mendelian genetics. The most sig-
nificant concept is that genes exist in multiple versions, called a/leles, and these
units of heredity are not typically changed during mating. Prior to acceptance of
Mendel’s laws, people believed that the mixing of genetic information was similar
to mixing paint; the information (like red or white paint) could be blended to form
a combined version (like pink paint) that could be blended still further (making it
more white or more red). Using true-breeding strains of peas with variation of a
single gene (such as flower color), Mendel showed that this model of blending was
incorrect.

In grade seven students will learn that every person has tens of thousands of
genes and that there are slight variations, or alleles, of these genes in every indi-
vidual. Using the correct vocabulary is important: A person with a genetic disorder
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does not have the gene for that trait, but it might be said that the person has the
genetic allele for that trait. Every person has every gene (and usually in two copies),
but some people have an abnormal or different version (or versions) that can lead
to a disorder or different trait. The genetic traits of an individual are determined by
which alleles of genes are inherited from each parent and how those alleles work
together. Some alleles are dominant, meaning that they overcome the influence of
the other (recessive) alleles. In grade seven students learn to interpret the genotype-
phenotype relationship in offspring (for example, on a premade Punnett Square
diagram). In high school biology students will learn many of the details of genetics.
Therefore, because this standard provides a foundation for transmission genetics in
high school biology, the details of genetics (including the construction of the
Punnett Square model) may be deferred.

2. e. Students know DNA (deoxyribonucleic acid) is the genetic material of
living organisms and is located in the chromosomes of each cell.

Chromosomes in eukaryotes are complexes of DNA and protein. Chromo-
somes organize the genetic make-up of a cell into discrete units. Humans, for ex-
ample, have 23 pairs of chromosomes that vary in size. When looking through a
microscope at an appropriately stained section of onion root tip, students may see
cells that are engaged in mitosis and that have visible, condensed chromosome
structures. The proteins in a chromosome help to support its structure and func-
tion, but the genetic information of a cell is uniquely stored in the DNA compo-
nent of the chromosome.

STANDARD SET 3. Evolution

In grade two students developed simple notions of inher-
itance and variation within a species. Those notions are
foundational for the study of evolution, as are the studies
in grade three of adaptations to an environment and the

processes of extinction. Charles Darwin was a naturalist
who traveled widely; students in grade three are retracing his steps when they de-
velop their knowledge of organisms in a wide variety of earth biomes. Students in
grade four learn about the survivability (or fitness) of plants and animals in an envi-
ronment, and students in grade six are provided with a background in earth sci-
ence. The standards in this set provide a foundation for learning about natural
selection in grade seven and understanding the fossil record to be a line of evidence
for the evolution of plants and animals.



3. Biological evolution accounts for the diversity of species developed
through gradual processes over many generations. As a basis for
understanding this concept:

a. Students know both genetic variation and environmental factors are
causes of evolution and diversity of organisms.

In grade two students learned that some characteristics of an organism are in-
herited from the parents and that some are caused or influenced by the environ-
ment. They also learned that there is variation among individuals in a population.
This standard takes these simple ideas to much greater depth by explicitly referring
to environmental factors and genetic variation. Environmental factors are a cause of
natural selection, but as the term selection implies, there must also be favorable and
unfavorable traits uncovered in the population. Generic variability must precede
natural selection, or there is some risk that no individuals in the population will
survive a crisis. This principle is evident in the worldwide cheetah population and
in other endangered species with much genetic homogeneity. Having little genetic
variation to spread the risk makes a population more susceptible to extinction, for
example, by succumbing to an infectious disease for which there is no natural resis-
tance.

3. b. Students know the reasoning used by Charles Darwin in reaching his
conclusion that natural selection is the mechanism of evolution.

In his book On the Origin of Species by Means of Natural Selection, Charles Dar-
win explained his line of reasoning for natural selection as the primary mechanism
for evolution.” Darwin proposed that differences between offspring would occur
randomly. Some of those differences would be hereditary and affect an individual
offspring’s ability to survive and reproduce within a particular environment and
ecological setting. With the passage of succeeding generations, those individuals
best suited to particular environments would tend to have more progeny and those
less well suited would have fewer progeny or even become extinct. Darwin called
this process natural selection because environmental and ecological conditions es-
sentially “select” certain characteristics of plants and animals for survival and repro-
duction. Darwin proposed that over very long periods of time, natural selection
acting on different individuals within a population of organisms might account for
all the great varieties of species seen today and for the great number of extinct and
nonextinct species found in the fossil record. Darwin’s proposal that natural selec-
tion is the mechanism for evolution was drawn in part from the ideas of Thomas
Malthus’ Essay on the Principle of Population.® Malthus presented his argument that
human populations have a tendency to grow faster than their food supply, causing
shortages and a “struggle for existence.” Darwin’s observations in the Galapagos
Islands led him to think that this “struggle for existence” might be generalized to
animals and plants.
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3. c. Students know how independent lines of evidence from geology,
fossils, and comparative anatomy provide the bases for the theory
of evolution.

Independent lines of evidence from geology, the fossil record, molecular biol-
ogy, and studies of comparative anatomy support the theory of evolution. Many
decades before Darwin proposed his theory, geologists knew that sedimentary rocks
formed an important history of life on Earth. Geologically younger rock layers are
usually near the top, and older layers are successively closer to the bottom of sedi-
mentary formations. Sometimes the normal sequence of sedimentary layers has
been overturned by tectonically caused folding and faulting, resulting in older rock
units resting on top of younger units.

Some of the organisms that lived in or were buried by the original sediment
were preserved as fossils while the sediment hardened into rock. The process of
fossilization preserves evidence of ancient life forms, and geologic interpretation of
the enclosing sedimentary rock yields valuable information about the environments
in which those ancient organisms lived. Paleontologists find more recently evolved
organisms in the geologically younger layers of sedimentary rocks and more ancient
life forms in the older layers of rocks. Original material (e.g., shell and/or bone)
may be preserved as found, but chemical means may sometimes be used to alter or
preserve it.

Radioactive dating provides another highly accurate method of confirming the
age of rocks and fossils. Comparative anatomists study similarities and differences
among organisms. Anatomists have been able to discover significant similarities in
the skeletal architecture and musculature of all vertebrates from fish to humans.
The most plausible explanation for this finding is that all vertebrates descended
from a common ancestor.

3. d. Students know how to construct a simple branching diagram to clas-
sify living groups of organisms by shared derived characteristics and
how to expand the diagram to include fossil organisms.

Evolutionary relationships among living organisms and their ancestors can be
displayed in a diagram that resembles a branching tree. Groups of similar living
species belong to a genus, similar genera belong to a family, similar families belong
to an order, similar orders belong to a class, and similar classes belong to a phylum.
Working back in time from the shared derived characteristics of each living species
contained in the diagram will show the evolutionary relationships leading to a com-
mon ancestor. The classification of organisms according to their characteristics is
called systematics. It is based on a system developed in 1758 by the Swedish botanist
and explorer Carolus Linnaeus.



3. e. Students know that extinction of a species occurs when the environ-
ment changes and the adaptive characteristics of a species are
insufficient for its survival.

Extinction of a species occurs when the adaptive characteristics of the species
are no longer sufficient to allow the species to survive under changing environmen-
tal conditions. Evidence from the fossil record indicates that most of the species
that once lived on Earth are now extinct. Biological adaptations are produced
through the evolutionary process. Random mutations in the DNA of different in-
dividuals (plants or animals) produce variations of particular traits in a population
of organisms. These mutations result in some individuals acquiring characteristics
that give them and their offspring an advantage in surviving and reproducing in
their present environments or in a different environment. The offspring of indi-
viduals in which these advantageous characteristics are not present may decline in
numbers and eventually become extinct, or they may continue to coexist with the
offspring of individuals that have the mutational advantage. Natural selection will
then lead to the existence of populations better able to survive and reproduce under
any one particular environmental condition. However, when particular adaptive
characteristics of a species are no longer sufficient for the survival of that species
under changing environmental conditions (such as increased competition for re-
sources, newly introduced predators, loss of habitat), that species may become ex-
tinct. There are many different environmental causes of the extinction of species.

STANDARD SET 4. Earth and Life History

The process of natural selection is strongly linked to the
environment. Students will learn in this standard set that
the environment has changed over time. The geologic

record provides evidence of both the environments of the
past and the plants and animals that inhabited them. The
focus in this standard set is on using the geologic evidence to better understand life
on Earth, past and present.

This standard set presents two great ideas from the geologic sciences to make
clear the relationship between life and geology: (1) the concept of uniformitarian-
ism; and (2) the principle of superposition. Uniformitarianism refers to the use of
features, phenomena, and processes that are observable today to interpret the an-
cient geologic record. The idea is that small, slow changes can yield large cumula-
tive results over long periods of time. Standard 4.c states a simplified version of the
principle of superposition when it indicates that the oldest rock layers are generally
found at the bottom of a sequence of rock layers. The principle of superposition is
the basis for establishing relative time sequences (i.e., determining what is older and
what is younger). Geologic records indicate that both local and global catastrophic
events have occurred, including asteroid/comet impacts, that have significantly
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affected life on Earth. Both the evidence and the impact on life should be addressed
in this standard set.

4. Evidence from rocks allows us to understand the evolution of life on
Earth. As a basis for understanding this concept:

a. Students know Earth processes today are similar to those that occurred

in the past and slow geologic processes have large cumulative effects
over long periods of time.

This standard approaches two different but related ideas in the geologic sci-
ences. The first (uniformitarianism) uses the present as the key to the past. For ex-
ample, ripples preserved in ancient sedimentary rock are identical to ripples made
by running water in mud and sand today. This idea is only one example of how
geologists use the present to interpret features and processes in the geologic past.
The second idea (superposition) states that the vastness of geologic time allows even
very slow processes, if they continue long enough, to produce enormous effects.
Perhaps the most important example of this idea is the dramatic change in the ar-
rangement of the continents (continental drift) caused by the slow movement of
lithospheric plates (approximately 5 centimeters per year) during the course of
many millions of years. One piece of evidence for plate tectonics, including
Pangaea, is the fossil record. The coherence of species in the fossil record is seen
when geologic history is properly understood.

4. b. Students know the history of life on Earth has been disrupted by
major catastrophic events, such as major volcanic eruptions or the
impacts of asteroids.

The subject of major catastrophic events is important because such events, al-
though rare in the history of Earth, have had a significant effect on the shaping of
Earth’s surface and on the evolutionary development of life. Most of the time geo-
logic processes proceed almost imperceptibly, only to be interrupted periodically by
the impact of a large meteor or by a major volcanic eruption. The immediate effect
of both types of catastrophic events is much the same: injection of large amounts of
fine-grained particulate matter into the atmosphere, an event that may have imme-
diate regional or even global consequences for the climate by causing both short-
and long-term changes in habitats.

4. c. Students know that the rock cycle includes the formation of new sedi-
ment and rocks and that rocks are often found in layers, with the
oldest generally on the bottom.

Whenever rocks are uplifted and exposed to the atmosphere, they are subject to
processes that can break them down. Purely physical processes, such as abrasion
and freezing/thawing cycles, break rocks into smaller pieces. At the same time reac-
tions with constituents of the atmosphere, principally acidic rain and oxygen, may
cause chemical changes in the minerals that constitute the rocks and result in the



formation of new types of minerals. The net result is called sediment. It consists of
rock and mineral fragments, various dissolved ions, and whatever biological debris
happens to be lying around. The sediment is removed by erosion from the sites
where it formed and is transported by water, wind, or ice to other sites; there the
sediment is deposited and eventually lithified to form new sedimentary rock. The
biological portion of accumulated sediment may be fossilized and preserved, pro-
viding a partial record of existing life in the source area of the sediment.

Superposition, the fossil record, and related principles, such as crosscutting and
inclusions, together form the basis for dating the relative ages of rocks. Students
should realize that relative dating establishes only the order of events, not quantita-
tive estimates of when those events actually occurred.

4. d. Students know that evidence from geologic layers and radioactive
dating indicates Earth is approximately 4.6 billion years old and that
life on this planet has existed for more than 3 billion years.

Relative age-dating (see Standard 4.c) provides information about the relative
sequence of events in the history of Earth. Absolute dating (putting a numerical

estimate on the age of a particular rock sample) requires the use of a reliable “clock”

in the form of the radioactive decay of certain naturally occurring elements. Those
elements are disaggregated into the various minerals at the time those minerals are
formed, generally during the crystallization of igneous rocks. Thus the newly
formed minerals in the igneous rock contain only the original radioactive form of
the element (parent) and none of the products of radioactive decay (daughter prod-
ucts), which are different from the parent. The rate of transformation by radioac-
tive decay from parent to daughter elements can be measured experimentally. This
rate is usually expressed as a half-life, which is defined as the amount of time it
takes to change one-half of the atoms of the parent element to daughter products.

Earth’s surface is always being reworked because of plate tectonics and erosion;
therefore, very little of the planet’s original material is available for dating. How-
ever, moon rocks and meteorites, thought to be the same age as Earth, can also be
dated. All the available evidence points to Earth and the solar system being ap-
proximately 4.6 billion years old. The earliest rocks containing evidence of life are
slightly more than 3 billion years old.

4. e. Students know fossils provide evidence of how life and environmental
conditions have changed.

Fossils provide evidence of the environments and types of life that existed in
the past. As an ancient environment changed, so did the organisms it supported.
Thus environmental changes are reflected by the classes of organisms that evolved
during the period of environmental change. Uniformitarianism is the foundation
on which these interpretations are based. For example, ancient animals exhibiting
approximately the same shell shape and thickness as that of the modern clam prob-
ably lived in the same environment as clams do today. By examining fossil evidence
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and noting changes in life types over time, geologists can reconstruct the environ-
mental changes that accompanied (perhaps caused) the changes in life types.

4. f. Students know how movements of Earth’s continental and oceanic
plates through time, with associated changes in climate and geo-
graphic connections, have affected the past and present distribution
of organisms.

Darwin’s work on finches in the Galapagos Island demonstrated clearly the
effect of isolation on the distribution of organisms. Geographic separation of indi-
viduals in a species prevented the populations from interbreeding. This separation
may have led to the accumulation of genetic changes in the two populations,
changes that eventually defined them as different species. Plate tectonic movements
of lithospheric plates and the uplift of mountain ranges divided (albeit slowly)
populations of plant and animal species and isolated the divisions from one an-
other. This principle was illustrated in the fossil record of dinosaur species. Some
dinosaurs, as well as other species that were restricted to specific continents after
geologic separation, were uniformly distributed prior to continental separation.

4. g. Students know how to explain significant developments and extinc-
tions of plant and animal life on the geologic time scale.

Many changes that life has undergone during the history of Earth have been
gradual, occurring as organisms adapt to slowly changing environments, evolve
into new species, or become extinct. This principle is a fundamental tenet of uni-
formitarianism. But even uniformitarianism is not consistently true. For example,
very early Earth on which the first life appeared was considerably different from the
planet of today. Little oxygen was in the atmosphere, and no ozone layer was in the
stratosphere to protect against harmful solar radiation. The earliest life was there-
fore anaerobic and had to be protected from solar radiation. Evidence for this
single-celled life can be found in rocks that are slightly more than 3 billion years
old.

Photosynthetic cyanobacteria, once referred to as blue-green algae, were an
early addition to the prehistoric ecosystem. These early organisms are seen in the
fossil record and were very successful, so much so that they still exist worldwide
and are essentially unchanged in form after billions of years.

The slow change in Earth’s life has been punctuated by sudden events—cata-
strophic ones—when viewed on the vast geologic time scale. One such remarkable
event occurred about 600 million years ago. It is known as the Cambrian Explo-
sion because of the sudden appearance of many different kinds of life, including
many new multicellular animals that, for the first time, had preservable hard parts,
such as shells and exoskeletons.

At various times life on Earth has also suffered from catastrophic mass extinc-
tions in which the vast majority of species quickly died out. The greatest such event
happened about 250 million years ago toward the end of the Paleozoic Era. It is



known as the Permian extinction, and as much as 90 percent of marine species may
have died out. Another famous mass extinction occurred at the end of the Meso-
zoic Era and is known as the Cretaceous-Tertiary (K-T) extinction. At the time all
species of dinosaurs died out, as did about half of all the plant and animal groups.
Evidence is mounting to indicate that this catastrophic event was caused by the
impact of an asteroid.

STANDARD SET 5. Structure and
Function in Living Systems

Students were first introduced in grade one to the
v- 2 =—» complementary nature of structure and function when
. L__ f.llf:l.' they studied the different shapes of animal teeth and in-
ferred the kinds of food those animals eat. Students in
grade three studied the external physical characteristics of organisms and consid-
ered their functions as a matter of adaptation. Students in grade seven will deepen
their understanding of internal structures, a topic that was introduced in grade five.

Anatomists and physiologists consider at different levels the internal structures
of living organisms. Mammals have discrete organs, many of which work together
as systems. For example, the adrenal and pituitary glands are parts of the endocrine
system, and the kidneys and bladder are parts of the excretory system. Flowering
plants have tissues, such as xylem and phloem, that are part of a vascular system.
Organs themselves may have specific tissues; for example, the white and gray mat-
ter of the brain can serve multiple functions. The pancreas produces both digestive
enzymes and blood hormones.

Students in grade seven learn about the musculoskeletal system, the basic func-
tions of the reproductive organs of humans, and the structures that help to sustain
a developing fetus. Students also study the intricate structures of the eye and ear,
which have well-understood functions in sight and hearing. Although many topics
are covered in this section, they are all grouped in the fields of anatomy and physi-

ology.

5. The anatomy and physiology of plants and animals illustrate the
complementary nature of structure and function. As a basis for
understanding this concept:

a. Students know plants and animals have levels of organization for struc-
ture and function, including cells, tissues, organs, organ systems, and
the whole organism.

Protists, such as amoebae, consist of only one cell. All the functions necessary
to sustain the life of these organisms must be carried out within that one cell.
Multicellular organisms, such as plants and animals, tend to have cellular special-
ization (differentiation), which means individual cells or tissues may take on spe-
cific functions within the organism. For example, the musculoskeletal system of
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animals comprises individual muscle groups (e.g., biceps) that are bundles of muscle
fibers, which are themselves groups of muscle cells, working together to make pos-
sible movements of the organism. Within individual muscle cells are organelles,
such as the mitochondria, that help provide the energy for muscle contraction.

5. b. Students know organ systems function because of the contributions of
individual organs, tissues, and cells. The failure of any part can affect
the entire system.

Students learned in grade five how blood circulates through the body and how
oxygen, O, and carbon dioxide, CO,, are exchanged in the lungs and tissues. The
pulmonary—circulatory system functions as a whole because of the functions of its
individual components. A person may die from a heart attack (from failure of the
heart), suffocation or pneumonia (from insufficient gas exchange in the lungs),
shock (from loss of blood volume), or a stroke (sometimes caused by an insufficient
gas exchange with brain tissues due to the blockage of blood vessels).

5. c. Students know how bones and muscles work together to provide
a structural framework for movement.

The skeletal system in animals provides support and protection. Muscles are
attached to bones by tendons and work in coordination with the bones and the ner-
vous system to cause movement through coordinated contraction and relaxation of
different muscle groups. For example, a muscle in the arm called the biceps causes
bending of the arm at the elbow so that the angle between the bones (humerus and
ulna) decreases. The #riceps on the back of the arm causes bending so that the same
angle increases. This flexion and extension of the arm is a good example of muscle
groups that are coordinated. Even in a lifting motion in which one of those two
muscle groups is ostensibly the prime mover of the bone (e.g., “curling” a weight
with the biceps), the opposing muscle group is involved in producing a smooth,
controlled motion of the arm and protecting the joint from strong contraction.

5. d. Students know how the reproductive organs of the human female and
male generate eggs and sperm and how sexual activity may lead to
fertilization and pregnancy.

In males the testes in the external scrotum are the reproductive structures that
produce sperm. Immature sperm cells in the walls of the seminiferous tubules of
each testis mature into flagellated cells that are transported and stored in the epi-
didymis. During sexual arousal millions of sperm may be transported to the urethra
and ejaculated through the penis. Some sperm may exit through the penis before
ejaculation (i.e., without the man’s knowledge), and sexual activity that does not
result in ejaculation may nonetheless lead to the release of sperm, fertilization, and
pregnancy.



In females the ovaries are the reproductive structures that produce and store
eggs, also called oocyzes (pronounced “oh-oh-sights”). An egg develops within an
ovarian structure called a follicle. A mature follicle can rupture through the wall of
the ovary, releasing the egg during the process of ovulation. The egg is then trans-
ported by one of the Fallopian tubes to the uterus. If the female, at or around this
time, engages in sexual activity that results in sperm being deposited in or near the
vagina, a sperm cell can travel through the vagina to the uterus or Fallopian tubes
and fertilize the egg. A fertilized egg may implant in the uterus and develop, mean-
ing that the female is pregnant and may deliver a baby approximately nine months
later. If the fertilized egg fails to implant and begin development, or if the egg is
not fertilized, it will be sloughed off along with several layers of cells lining the
uterus and leave the female’s vagina during menstruation. One of the first signs of
pregnancy is that a woman’s regular monthly menstrual cycle stops.

5. e. Students know the function of the umbilicus and placenta during
pregnancy.

The placenta is an organ that develops from fetal tissue in the uterus during
pregnancy. It is responsible for providing oxygen to the developing fetus. The um-
bilical cord (which enters the body at the umbilicus, or navel) is a cord containing
arteries and veins that connect the fetus to the placenta. Although the blood of the
mother and of her fetus do not mix together, oxygen and nutrients pass from the
mother’s blood to the fetus. Wastes, such as carbon dioxide from the fetus, are re-
moved. The placenta helps to nourish and protect the fetus; however, most drugs
and alcohol can easily pass from the mother’s blood into the blood of the fetus, as
can many infectious viruses, such as the human immunodeficiency virus (the

source of AIDS).

5. f. Students know the structures and processes by which flowering plants
generate pollen, ovules, seeds, and fruit.

Flowering plants, or angiosperms, reproduce sexually by generating gametes in
the form of sperms and ova. The reproductive structure of the angiosperms is the
flower, which may contain male or female parts or both. Stamens are the male re-
productive structures within the flower. Each stamen is composed of an anther, the
structure that produces pollen granules, and a filament, the long thin stalk that con-
nects the anther to the base of the flower (receptacle). The pistil is the female repro-
ductive structure located in the center of the flower. The pistil consists of the
stigma, which receives the pollen grains, and the szyle, a long thin stalk that acts as a
guide for the pollen tube. The pollen tube, in turn, provides a migration path for
the sperm of the pollen grain down to the ovary at the base of the pistil. The ovary
contains one or more ovules, inside of which develop the ova. After fertilization the
ovule develops into a seed with the developing embryo inside surrounded by a food
source (the endosperm) for the plant embryo. The surrounding ovary may then
enlarge and mature into a fruit that can contain one or more seeds.
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5. g. Students know how to relate the structures of the eye and ear to their
functions.

The eye works much like a camera. The eye is equipped with a lens that brings
an image into focus on a sheet of light-sensitive cells called the retina, which is
equivalent in a camera to a sheet of film or a video chip. The amount of light enter-
ing the eye is controlled by the iris, which is an adjustable circular aperture. In
bright lighting the iris contracts and the pupil (the open area that appears black) be-
comes smaller in diameter to admit less light. In dim lighting the iris relaxes and the
pupil becomes larger to admit more light. The lens of the eye refracts (or bends) the
light, much as a magnifying glass does, and focuses an image on the retina. The lens
is flexible, and its shape changes when focusing on nearby or distant objects. The
retina contains cells that are sensitive to bright colors (cone cells) and others that are
sensitive to dim lighting (rod cells). The cells in the retina generate an electrical sig-
nal that travels to the brain, which can interpret the visual pattern. Investigative ac-
tivities with lenses may be practiced both in this standard set and in Standard Set 6,
“Physical Principles in Living Systems,” which describes the optics of sight.

The external ear (i.e., the part that can be seen) helps to collect sound waves and
direct them to the middle ear. Many mammals (e.g., cats and many breeds of dogs)
can redirect their external ears to detect faint sounds and determine the direction
from which a sound is coming. The middle ear consists of a vibrating eardrum, or
tympanic membrane, and three small bones (the malleus, or hammer; incus, or anvil;
and stapes, or stirrup) that form a series of levers connecting the eardrum to the in-
ner ear. Two small muscles control the tension on the eardrum and middle ear
bones to reduce or increase the loudness of sound being transmitted. The inner ear,
or labyrinth, contains the sensory cells that turn the waves of sound or pressure into
electrical signals that are sent to the brain.

Students may explore the structure of the mammalian eye by performing a dis-
section. They should be able to identify and explain the function of the different
parts of the eye. Students may learn the structure and function of the human ear by
building a model from simple materials. Students should be able to identify the dif-
ferent parts of the ear and explain how those parts work together to transmit sensory
information through sound waves. The sensory cells lining the cochlea are stimu-
lated by the sound waves, causing nerve impulses to be transmitted through the au-
ditory nerve to the brain.

STANDARD SET 6. Physical Principles
in Living Systems

The study of optics and levers, or pressure, is usually re-
served for physical science classes. However, these topics
are introduced for the first and only time in the seventh

grade, so students should learn the principles behind them.
Suggestions are made to relate the study of these topics to the eye, muscles, bones,
ge y P 3%
tendons, and heart.



The human eye contains receptors that detect incoming visible light emitted by
a luminous object or reflected from an illuminated object. Until the early 1900s
physicists believed that the properties of light could be completely understood by
viewing light as a wave of electromagnetic energy that was supported by an elusive
medium—the so-called ezher—that was imagined to pervade even a vacuum. The
nature of light still seems mysterious to most people because light manifests the
properties of both a wave and a particle. In most experiences geometric optics,
which treats light as rays traveling in straight lines, adequately accounts for reflec-
tion and refraction, mirrors, and lenses. Before starting these topics, students should
be able to measure angles, do ratio and proportion problems, and use gram mass
weights and metersticks.

Students in grade seven can and should learn how levers confer a mechanical
advantage. Given a lever, students should be able to identify the fulcrum and four
important quantities: effort distance, effort force, resistance distance, and resistance
force. If three of those quantities are known, students should be able to calculate
the fourth quantity. Students can make simple levers and hinges (and other simple
machines, if time permits) to show how levers can be used to increase forces at the
expense of distances or distances at the expense of forces. Metersticks, weight hold-
ers, hooked weights, and pivoted supports are commercially available for students to
make a straightforward investigation of the operation of levers. A key element of
this standard set is to relate the physical principles to the function of muscle and
bone in the body. Pressure, a subject that was introduced to students in the context
of atmospheric pressure in earth science, is now discussed in the context of blood
pressure and heart function.

6. Physical principles underlie biological structures and functions. As
a basis for understanding this concept:
a. Students know visible light is a small band within a very broad
electromagnetic spectrum.

Visible light is a part of a continuum known as the electromagnetic spectrum
that extends on both sides of the visible region. This continuum includes the very
long wavelengths, such as those of AM and FM radio and TV; the slightly shorter
wavelengths, such as radar, microwave, and infrared radiation; and visible light that
has wavelengths just less than one-millionth of a meter long. The wavelengths of
electromagnetic radiation that the human eye can see vary from about 800 nanom-
eters (0.0000008 m, or red light) to 400 nanometers (0.0000004 m, or blue/violet
light). The colors of the visible spectrum are traditionally described as red, orange,
yellow, green, blue, indigo, and violet but are actually a continuous spectrum.

6. b. Students know that for an object to be seen, light emitted by or
scattered from it must be detected by the eye.

This standard deals with the physical principles of the interaction of light with
matter. After the initial interaction light rays from an object must pass from the
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object to the eye. The interactions with those parts of the eye that focus the light,
creating an image on the retina, and transfer the light into electrical impulses,
which are interpreted by the brain, all depend on the information in the light that
enters the eye. This information arises from the initial interaction of the light with
the object or the nature of the light emitted by the light source(s) or both. The
color and brightness of the light that is emitted or reflected from an object depend
on the color, brightness, and angle of incidence from the source illuminating the
object. The object then absorbs, reflects, or refracts the illuminating light and im-
parts a color and brightness. That color is attributed to the object, but color really
depends on the source of light and the way the object interacts with it.

This process scatters light in all directions. The eye detects only the light that
enters it. This light first encounters the front, rounded, transparent surface of the
eye (the cornea), where most of the focusing occurs. Next, it enters the interior of
the eyeball through the pupil and passes through the lens, which acts to further
focus the light to accommodate both near and far objects. The focused light then
falls on the receptors (the rod cells and the cone cells) in the retina, is converted
into electrical impulses, and is transferred by the optic nerve to the visual cortex of
the brain.

6. c. Students know light travels in straight lines if the medium it travels
through does not change.

In a vacuum or in a uniformly transparent material, light travels in straight
lines. At the interface between two media or between a vacuum and a medium,
light rays will bend if they enter at an angle other than perpendicular to the inter-
face. The light-bending properties of objects should be explored. However, trans-
parent materials, such as air, may have differing densities and cause light to bend as
it passes through the material. For example, the air heated by a campfire can cause
objects to appear to shimmer because the path of the light is not a straight line. The
variations in the density of the atmosphere are what cause the stars to twinkle.
When light travels from one transparent medium (such as air) into another trans-
parent medium with different optical properties (such as water), the path of the
light may bend (or be refracted) depending on the angle of the ray of light in rela-
tion to the surface between the two media.

A pencil placed in a glass half full of water will appear bent. By analyzing the
path of the light from various points on the pencil to the eye of the observer, stu-
dents will be able to confirm that the path of the light did change direction as it
passed from one medium into another.

6. d. Students know how simple lenses are used in a magnifying glass, the
eye, a camera, a telescope, and a microscope.

Combinations of lenses are used in telescopes and microscopes to magnify ob-
jects. The cornea of the eye plays the major role of a lens in transforming the rays
of light diverging from an object into rays of light converging to a focus on the



retina. To provide instruction in this standard, teachers may use magnifiers. Simple
magnifiers of plastic (or glass) are inexpensive and easily obtained. A magnifier is a
converging optic because it can convert rays of light diverging from an object to
rays of light converging to form an image. Magnifiers are characterized by their
focal lengths, which may be found by lifting a lens up from a table until the sharp-
est image of a ceiling light is formed. The distance from the magnifier to the image
on the tabletop is the focal length. If the magnifier is held at a distance shorter than
the focal distance above a printed page, the print is seen magnified because the lens
creates an enlarged, virtual image instead of a real image. If the magnifier is held at
a distance greater than the focal length above the page, what is seen depends on
where the observer’s eye is located. The light leaving the lens is now converging so
that if the eye intercepts the converging rays, no sharp image will be seen. If the eye
is located far enough above the page, the rays from the lens converge to form a real
image and pass through it. The eye is now intercepting diverging rays and sees the
print upside down.

6. e. Students know that white light is a mixture of many wavelengths
(colors) and that retinal cells react differently to different wave-
lengths.

White (visible) light may be dispersed into a spectrum of colors: from red at the
longest wavelength to violet at the shortest wavelength. A glass or plastic prism dis-
perses white light into the colors of the spectrum because the angle of refraction is
different for each of the different wavelengths (colors). A diffraction grating of
closely spaced grooves can also be used to separate white light into various colors
because different wavelengths (i.e., different colors) interfere constructively after
reflection at different angles. Teachers should present both these effects to show the
nature of white light.

The human perception of color is due to specialized color light receptor cells in
the retina of the eye. These specialized cells (called cone cells) make color vision
possible. Full-color printing is achieved by the use of just four ink colors (usually
magenta, yellow, and cyan along with a very dark purple or black). The four colors
are printed in combinations of dot patterns too small to perceive (resolve) with the
human eye. Color images in magazines are commonly produced in this way.

6. f. Students know light can be reflected, refracted, transmitted, and
absorbed by matter-.

The interaction of light with matter may be classified as reflection, refraction,
transmission, or absorption. Light transmitted through air and transparent, uni-
form materials continues to travel in a straight line. However, when rays of light
encounter a surface between two materials or two media, such as air and water or
air and glass, the light may be reflected or refracted at the surface. The angle at
which the light is reflected or refracted from its original path follows principles that
depend on the optical properties of the materials, such as the angle of incidence
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being equal to the angle of reflection. The principles of refraction are what make it
possible for lenses to focus and magnify images.

Light travels (is transmitted) through a transparent medium by a process of
absorption and reemission of the light energy by the atoms of the medium. Opaque
and translucent objects absorb and scatter light from their original direction much
more strongly than do transparent objects. Optically denser materials, such as glass,
cause light to travel more slowly than do less optically dense materials, such as wa-
ter and especially air. Light travels through air just slightly more slowly than
through a vacuum. Rays of light may be observed to change direction, or refract (a
consequence of light changing speed), in going from one medium to another.
However, if light enters a new medium perpendicular to its surface, the light con-
tinues in a straight line so that refraction is not observed (even though the light is
traveling at a different speed in the second medium). Impurities or imperfections in
transparent materials or media cause some of the light to be scattered out of a
beam. Smoke, fog, and clouds decrease visibility because they scatter light.

6. g. Students know the angle of reflection of a light beam is equal to the
angle of incidence.

When a light beam encounters a shiny reflecting surface, the angle of reflection
is the same as the angle of incidence. The angle is usually measured in relation to
the surface normal.

6. h. Students know how to compare joints in the body (wrist, shoulder,
thigh) with structures used in machines and simple devices (hinge,
ball-and-socket, and sliding joints).

Archimedes is credited with first understanding that a rigid rod (a lever) able to
rotate about a fixed pivot point (a fulcrum) can be used to turn a small force into a
large force. Joints in the body act as pivot points for bones acting as levers, and
muscles provide the force. There are three classes of levers, which are defined by the
relative positions of the applied force causing the action, the placement of the ful-
crum, and the resistant object being moved. A lever provides one of two principal
advantages: It can amplify the force being applied so that a small force applied over
a long distance can create a large force over a short distance. This principle is useful
to know in lifting heavy objects. The alternative is typical of levers in the human
body: A large force applied over a short distance in a short time can be amplified
into long, rapid motions, such as in running or in swinging a baseball bat.

6. i. Students know how levers confer mechanical advantage and how the
application of this principle applies to the musculoskeletal system.

A lever can be used to take advantage of force or speed (or motion). A bone is
the lever; a joint is the pivot point (or fulcrum); muscles supply the force; and con-
nective tissues transfer the force to locations that usually give an individual the
leverage to increase his or her speed of motion of foot, arm, or hand. Students can



make simple levers and hinges (and other simple machines, if time permits) to show
how levers may be used to increase force at the expense of distance or distance at
the expense of force. Metersticks, weight holders, hooked weights, and pivoted sup-
ports are commercially available for students to make straightforward investigations
of the operation of levers. These or other hands-on laboratory activities using first-,
second-, and third-class levers in simple equipment will make the “law of the lever”
more real than will solving a set of mathematical proportion problems or merely
identifying the parts of a lever from drawings or pictures.

6. j. Students know that contractions of the heart generate blood pressure
and that heart valves prevent backflow of blood in the circulatory
system.

The heart is a pump in which blood enters a chamber through a blood vessel; a
valve closes off the blood vessel to prevent the blood from flowing in the wrong
direction; and the heart muscle contracts. This action “squeezes” the blood and
increases the pressure to force the blood into another blood vessel. Pressure is de-
fined as force per unit area and is measured in various units, such as millimeters of
mercury (mmHg). Students may learn more about the physiology of the heart by
reading science texts and studying models.

STANDARD SET 7. Investigation
and Experimentation

W
The essential skills and knowledge of observation, commu-
nication, and experimental design are extended in grade

ms N .+ seven. Including scale model building in the curriculum

helps students to visualize complex structures. Collecting
information from a variety of resources is an important part of scientific inquiry
and experimental design. Many types of print and electronic resources are available
in the school library to support teaching and learning science. The skills needed to
search out and recognize accurate and useful resources are complex and generally
require significant knowledge of the topic.
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7. Scientific progress is made by asking meaningful questions and con-
ducting careful investigations. As a basis for understanding this con-
cept and addressing the content in the other three strands, students
should develop their own questions and perform investigations. Stu-
dents will:

a.

Select and use appropriate tools and technology (including calculators,
computers, balances, spring scales, microscopes, and binoculars) to
perform tests, collect data, and display data.

Use a variety of print and electronic resources (including the World
Wide Web) to collect information and evidence as part of a research
project.

Communicate the logical connection among hypotheses, science con-
cepts, tests conducted, data collected, and conclusions drawn from the
scientific evidence.

Construct scale models, maps, and appropriately labeled diagrams to
communicate scientific knowledge (e.g., motion of Earth’s plates and
cell structure).

Communicate the steps and results from an investigation in written
reports and oral presentations.



Focus on Physical Sciences

tudents in grade eight study topics in physical sciences, such as motion,

forces, and the structure of matter, by using a quantitative, mathematically

based approach similar to the procedures they will use in high school. Earth,
the solar system, chemical reactions, the chemistry of biological processes, the peri-
odic table, and density and buoyancy are additional topics that will be treated with
increased mathematical rigor, again in anticipation of high school courses. Students
should begin to grasp four concepts that help to unify physical sciences: force and
energy; the laws of conservation; atoms, molecules, and the atomic theory; and
kinetic theory. Those concepts serve as important organizers that will be required as
students continue to learn science. Although much of the science called for in the
standards is considered “classical” physics and chemistry, it should provide a pow-
erful basis for understanding modern science and serve students as well as adults.

Mastery of the eighth-grade physical sciences content will greatly enhance the

ability of students to succeed in high school science classes. Modern molecular biol-
ogy and earth sciences, as well as chemistry and physics, require that students have
a good understanding of the basics of physical sciences.

i STANDARD SET |. Motion
»
ﬁr Aristotle wrote that a force is required to keep a body mov-

. ing. Everyday experience seems to confirm this misconcep-
# . } tion. For two thousand years Aristotle’s description of
motion was accepted without question. Then an experi-
ment by Galileo resulted in the discovery of friction.
Galileo’s experimental approach to investigating Nature helped to establish modern
science and led to the invention of calculus and Newton’s laws of motion. Four
centuries after Galileo the knowledge of motion enables scientists to predict and
control the paths of distant spacecraft with great accuracy.
There are many types of motion: straight line, circular, back and forth, free-fall,
projectile, orbital, and so on. This standard set concerns itself with the motion of a
body traveling either at a constant speed or with a varying speed that is represented

by an average value.

I. The velocity of an object is the rate of change of its position. As
a basis for understanding this concept:

a. Students know position is defined in relation to some choice of a
standard reference point and a set of reference directions.

The position of a person or object must be described in relation to a stan-
dard reference point. For example, the position of a bicycle may be in front of the
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flagpole or behind the flagpole. The flagpole is the reference point, and iz front of
and behind are the reference directions. A reference point is usually called the origin,
and position can be expressed as a distance from the reference point together with a
plus (+) or minus (-) sign that may stand for iz front of and behind, away from and
toward, right and left, or one of any other pair of convenient, opposing directions
from the reference point.

The idea of measuring positions, distances, and directions in relation to a stan-
dard reference point may be introduced by using metersticks (or rulers). The stu-
dents are directed to call the 50 cm mark (or some other convenient mark) the
reference point. A position of =10 cm would be 10 cm to the left of the standard
reference point; a position of +5 cm would be 5 cm to the right of the standard ref-
erence point. The teacher may call out various positive and negative position values,
and the students should point to that location on the ruler. In particular, students
can experience the fact that although moving in a positive direction (to the right)
when going from —10 cm to —6 cm, they still end up pointing to a spot that is to
the left of the origin. Students in grade eight should be able to track the motion of
objects in a two-dimensional (x, y) coordinate system. For example, both x and y
may represent distances along the coordinate axes, or the value of y might represent
the distance traveled and x might represent elapsed time.

I. b. Students know that average speed is the total distance traveled divided
by the total time elapsed and that the speed of an object along the
path traveled can vary.

Speed is how fast something is moving in relation to some reference point with-
out regard to the direction. It is calculated by dividing the distance traveled by the
elapsed time. In the next standard students should learn to use the International
System of Units (a modernized version of the metric system) to measure distance in
meters (m) and time intervals in seconds (s). Thus a car traveling 120 kilometers in
two hours is traveling at a speed of 60 km/hr. (In everyday units speed is measured
in miles per hour. In the school laboratory it may be more convenient to use centi-
meters instead of meters for measuring distances and seconds for measuring time;
therefore, speed would be expressed in centimeters per second [cm/s].) The speed of
a spacecraft may be measured by how long it takes to orbit Earth and the length of
that orbit. Sometimes the speed of an object remains constant while it is being ob-
served, but usually the speed of a vehicle changes during a trip. Students should be
taught to recognize that the average speed of a vehicle is calculated by dividing the
total distance traveled by the length of time to complete the entire trip. With several
stops a trip of 100 miles from town A to town B may take four hours. The average
speed is 100 miles + 4 hours = 25 miles per hour (mph) even though at times the
car may have had a speedometer reading of 55 mph.

Students can measure the entire distance that a toy vehicle or ball travels across
the floor or tabletop after it is released from the top of an inclined ramp (the stan-
dard reference point). They can also measure the time elapsed during the trip. The



average speed can then be calculated by dividing the distance traveled (from the
standard reference point) by the elapsed time. More than one student may be as-
signed to measure the times and distances so that duplicate data sets are created.
The teacher may explore with the students why the data sets are not exactly the
same and help them evaluate the accuracy and reproducibility of the experiment.
The object’s speed may be observed to change during the trip: it travels faster down
the ramp because of gravity and slows down as it travels across the floor or tabletop
because of friction. What is being calculated by v = d/t (where v is the average speed,
d is the total distance traveled, and # is the elapsed time) is the average speed for the
entire trip as though the object were to travel at a constant speed. Students may
change one of the conditions, such as the height of the ramp, to see how that affects
the average speed. Or students do not have to wait for the object to stop; they may
measure the elapsed time for the object to roll from the top of the ramp to any
point along the path, before the object stops, to obtain the average speed between
the measurement points.

I. c. Students know how to solve problems involving distance, time, and
average speed.

Problems related to this standard may be solved by using the traditional math-
ematics formula: d = 72. The d represents the total distance traveled, r stands for rate
(or speed) and represents either the constant speed (if the speed is constant) or aver-
age speed (if it varies), and 7 represents the time taken for the trip. Given any two of
these quantities, students can calculate the third quantity: d = 2, = d/r, r = d/.
Students may be given information involving 4, , or ¢ for different segments of a
real or hypothetical trip and asked to use the formula & = 7z to solve for the missing
information. To avoid confusion later, teachers may introduce the symbol » for
speed instead of 7 once students are familiar with this type of problem. (When the
vector nature of velocity needs to be introduced, the » will be written in boldfaced
type, v, as will other vector quantities in the framework.)

I. d. Students know the velocity of an object must be described by
specifying both the direction and the speed of the object.

The word velocity has a special meaning in science. An air traffic controller needs
to know both the speed and the direction of an aircraft (as well as its position), not
just the speed. Measurable quantities that require both the magnitude (sometimes
the term size is used) and direction are called vector quantities. Displacement, veloc-
ity, acceleration, and force are all vector quantities and will be introduced in grade
eight by using only one dimension or specified pathway. An arrow pointing in the
direction of motion usually represents the velocity of an object. The length of the
arrow is proportional to how fast the object is going (the speed). Students demon-
strate mastery of this standard by knowing, without prompting, that they must
specify both speed and direction when asked to describe an object’s velocity.
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I. e. Students know changes in velocity may be due to changes in speed,
direction, or both.

Since velocity is a vector quantity, the velocity of an object is determined by
both the speed and direction in which the object is traveling. Changing the speed of
an object changes its velocity; changing the direction in which an object is traveling
also changes the velocity. A change in either speed or direction (or both) will, by
definition, change the velocity. (Although the term is not included in this standard
set, the rate at which velocity changes with time is called acceleration. When a car
speeds up or slows down, it undergoes acceleration. When a car rounds a curve
maintaining the same speed, it also undergoes acceleration because it changes direc-
tion.)

The important idea is that a change in the speed of the object, the direction of
the moving object, or both is a change in velocity. Students may easily understand
that a change in the speed of an object causes a change in the velocity; it may be less
obvious to students that a change in the direction of an object, with no change in
the speed, also changes the velocity of the object. Students need to recognize that
spinning, curving soccer balls, baseballs, or Ping-Pong balls may maintain a nearly
constant speed through the air but change velocity because they change direction.
Of course, an object may undergo a change in velocity in which both the direction
and the speed change; for example, when a driver applies the brakes while going
around a curve.

In the next standard set, students will learn that changes in velocity are always
related to one or more forces acting on the object. Students learn to find and iden-
tify forces and to determine the direction of each force’s action. Being able to recog-
nize velocity changes of magnitude and direction is key to observing and
characterizing forces.

I. f. Students know how to interpret graphs of position versus time and
graphs of speed versus time for motion in a single direction.

Students are required to apply the graphing skills they learned in lower grades to
the plotting and interpretation of graphs of distance, location, and position (&) ver-
sus time (#) and of speed (v) versus time (#) for motion in a single direction. A major
conceptual difference from the graphing skills learned in mathematics is that the
two axes will no longer be number lines with no units. What must be explicitly ad-
dressed in dealing with motion graphs is the plotting of locations in distance units
(e.g., meters, centimeters, miles) on the vertical axis and plotting of time in time
units (seconds, minutes, hours) on the horizontal axis.

In plotting position versus time, students should learn that the vertical axis rep-
resents distances away from an origin either in the positive (+) or negative (-) direc-
tion. The horizontal axis represents time. Every data point lying on the horizontal
axis is “at the origin” because its distance value is zero. Given a graph of position
versus time, students should be able to generate a table and calculate average speeds
for any time interval (v = d/). If the graph of position versus time is a straight line,



the speed is constant; students should be able to find the slope and know that the
slope of the line is numerically equal to the value of the speed in units correspond-
ing to the labels of the axes.

Students should know that a graph of speed versus time consisting of a hori-
zontal line represents an object traveling at a constant speed, and they should be
able to use d = 7t to calculate the distance () traveled during a time interval (z).
Students should know that a graph of speed versus time that is not a horizontal line
indicates the speed is changing.

STANDARD SET 2. Forces

The concept of force is central to the study of all natural
phenomena that involve some kind of interaction between
two or more objects regardless of whether visible motion
occurs. For example, architects and civil engineers want

their structures to stand firm against the forces of gravity,
wind, and earthquakes. On the other hand, automotive engineers need to know
how best to accelerate a car, brake it to a safe stop, and smoothly change its direc-
tion. Students need to know that balanced forces keep an object from changing its
velocity and that changes in the velocities of objects are caused by unbalanced
forces.

There are only four known fundamental forces: gravitational forces, electro-
magnetic forces, and two nuclear forces known as the strong and the weak forces.
Gravitational force is the attraction all objects with mass have for one another. The
common experience of gravity on Earth is only one example; the other forces of
pushing and pulling are elastic forces caused by electromagnetic interactions be-
tween atoms and molecules being pushed together or pulled apart. The large, re-
pulsive electrical forces between the positively charged protons in the nucleus of an
atom are balanced against the stronger, attractive nuclear forces that hold the atom
together.

Students learned in grade two that the way to change how something is moving
is to give it a push or a pull (e.g., apply a force). In grade four the study of magnets,
compasses, and static electricity gave students experience with electromagnetic
forces. In grade seven students learned about motion and forces, which involved
comparing bones, muscles, and joints in the body to machines.

2. Unbalanced forces cause changes in velocity. As a basis for
understanding this concept:

a. Students know a force has both direction and magnitude.

Forces are pushes or pulls and, like velocity, are vector quantities described by
the magnitude and the direction of a force. As noted in Standard 1.d, the direction
and strength of a force may be indicated graphically by using an arrow. The length
of the arrow is proportional to the strength of the force, and the arrow points in the
direction of the force’s application.
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The simplest case to consider is that of forces acting along one line, such as to
the left or to the right. These colinear forces act either in the positive direction and
are represented as positive quantities or in the negative direction and are repre-
sented as negative quantities.

A worthwhile activity is to have the students pull objects across level surfaces to
measure the forces of friction. Different surfaces, because of varying roughness or
different types of material, will exert different forces of friction on an object being
dragged across them. If an object is pulled at a constant speed across a level surface,
the force applied is just equal and opposite to the force of friction. If the force ap-
plied is greater than the force of friction, the object will slide easily. If the force
applied is less than the force of friction, the object will drag. If the force applied is
zero, the object will slow down and stop more quickly under the influence of the
force of friction alone. Students can obtain data by using a spring scale to measure
the force and compare different objects on different surfaces.

2. b. Students know when an object is subject to two or more forces at
once, the result is the cumulative effect of all the forces.

Forces acting on an object along the same line at the same time are calculated
by using algebra. For example, a force of 5 newtons acting in the positive direction
(+5 N) and a force of 7 newtons acting in the negative direction (=7 N) will result
in an unbalanced force of 2 newtons acting in the negative direction (-2 N). A
force of one newton is close to the weight of half a stick of butter or of a small
apple. (In high school physics, students will learn that forces acting at different
angles on an object can be broken down into components along the x axis, y axis,
and z axis and that these components can also be calculated algebraically.)

2. c. Students know when the forces on an object are balanced, the motion
of the object does not change.

When several forces act simultaneously on an object, they may amount to zero,
meaning there is no net force on the object and the motion of the object does not
change. For example, a force of 10 newtons acting to the right (+10 N) and a sec-
ond force of 10 newtons acting to the left (10 N) amount to zero, meaning there
will be no change in the velocity of the object. Sometimes an object acted on by
balanced forces is at rest and remains at rest. In a tug of war in which opposing
sides are pulling a rope with equal force, the rope does not move.

Sometimes a moving object is acted on by balanced forces and continues to
move at the same velocity. For example, pushing a book straight across a table at a
constant velocity requires force. The book does not speed up, slow down, or
change direction; therefore, one must conclude a frictional force is pushing back on
the book. Many people have the misconception that a force is necessary for an ob-
ject to maintain a constant velocity; they overlook the opposing force of friction.
Identifying and analyzing the forces acting on a sliding object by observing its ve-
locity can help students develop their observation and analysis of frictional forces.



If the motion (or velocity) of an object is not changing, one may conclude that all
the forces must be balanced. There are two equal and opposing vertical forces
(weight down and table up) acting on the book as well as two equal and opposing
horizontal forces (sliding push and friction): a total of four forces.

2. d. Students know how to identify separately the two or more forces that
are acting on a single static object, including gravity, elastic forces due
to tension or compression in matter, and friction.

The force of gravity pulls objects toward the center of the earth. This force of
gravity is commonly called the weight of the object. If an object is dropped, the
force of gravity alone causes the velocity of the object to increase rapidly in the
down direction. But when a single object is at rest, such as a book on a table, the
table must be supplying a balancing upward force (an elastic force of compression
caused by the compacting of the molecules of the table). When an object, such as a
yo-yo, is observed hanging motionless from a string, the string must be supplying a
balancing upward force—an elastic force of tension as its molecules are stretched
apart. A student may push gently on a book to move it horizontally across the
table, but the book does not move. The horizontal push cannot be the only acting
force. A second force pushes back to keep the book at rest. This opposing force is
the friction between the molecules in the surface of the book and the surface of the
table.

Resting a book on a meterstick spanning the gap between two student desks
usually causes the meterstick to sag, showing that the meterstick flexes until the
upward force from its elastic distortion is sufficient to support the book. Resting a
book on a soft, dry sponge or spring might also show how elastic forces support the
book against the downward pull of gravity.

2. e . Students know that when the forces on an object are unbalanced, the
object will change its velocity (that is, it will speed up, slow down, or
change direction).

When an unbalanced force acts on an object initially at rest, the object moves
in the direction of the applied force. If an object is already in motion, for example,
traveling to the right, and an unbalanced force acts to the right, the object will
speed up. An object traveling to the right acted on by an unbalanced force to the
left will slow down; if the unbalanced force continues to act, the object may slow to
a stop and even begin to move faster in the opposite direction. If an unbalanced
force acts in a direction perpendicular to the direction the object is moving, the
force will deflect the object from its path, changing its direction but not its speed
along the curved path. Any force that acts in such a direction (for example, the
force of the road on the tires of a car) is called a centripetal force. This force is di-
rected to the center of the orbit. Finally, an unbalanced force acting at an angle to
the path may affect both the speed and the direction of the object.

Students should be able to predict changes in velocity if forces are shown to be
acting on an object and be able to identify that an unbalanced force is acting on an
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object if they observe a change in its velocity. Students may not be able to explain
fully the cause of the unbalanced forces acting on the baseball pitcher’s curve ball or
on the path of a spinning soccer ball, but they can state that there is a force acting

perpendicular to the path of the ball.

2. f. Students know the greater the mass of an object, the more force is
needed to achieve the same rate of change in motion.

When the forces acting on an object are unbalanced, the velocity of the object
must change by increasing speed, decreasing speed, or altering direction. This prin-
ciple also means that if an object is observed to speed up, slow down, or change
direction, an unbalanced force must be acting on it. The rate of change of velocity
is called acceleration. At the high school level, students will learn to solve problems
by using Newton’s second law of motion, which states that the acceleration of an
object is directly proportional to the force applied to the object and inversely pro-
portional to its mass. For now students should learn to recognize acceleration (or
deceleration) and should be able to state the direction and relative magnitude of the
force that is the cause of the acceleration.

When an unbalanced force acts on an object, the velocity of the object can
change slowly or rapidly. How fast the velocity of the object changes, that is, the
rate of change in velocity with time (called acceleration), depends on two things:
the size of the unbalanced force acting on the object and the mass of the object.
The larger the unbalanced force, the faster the velocity of the object changes, but
the greater the mass of the object, the slower the velocity changes. Quantitatively,
the acceleration of an object may be predicted by dividing the net force acting on
the object by the mass of the object.

Often high school students learn to solve problems involving force without
clearly relating the physical circumstances to the word problem presented. It is im-
portant to teach students in grade eight to identify mass, velocity, acceleration, and
forces and to analyze how those factors relate to one another in the physical system
being studied. The ability to make qualitative predictions about what will happen
next in these situations is the key to successful problem solving that all scientists use
before starting a calculation. Once the correct qualitative prediction is envisioned, a
numerical solution is more likely to be correct. For example, students might be told
that an opposing force is applied to an object being pushed along the ground.
Given all the numbers needed to calculate the object’s final velocity, the students
should be able to predict correctly whether the object could slow down, come to a
stop, or even start moving backward before they solve the problem numerically.

2. g. Students know the role of gravity in forming and maintaining the
shapes of planets, stars, and the solar system.

Gravity, an attractive force between masses, is responsible for forming the Sun,
the planets, and the moons in the solar system into their spherical shapes and for
holding the system together. It is also responsible for internal pressures in the Sun,



Earth and other planets, and the atmosphere. Newton asked himself whether the
force that causes objects to fall to Earth could extend to the Moon. Newton knew
that the Moon should travel in a straight line (getting farther and farther from
Earth) unless a force was acting on it to change its direction into a circular path.

The Moon's
path with no
Direction of force of gravitational
mutual gravitational attraction
attraction of Earth
and the Moon
Orbital path of the Moon

Fig.1. Effect of Gravity on the Moon’s Path

He worked out the mathematics that convinced him that the force between all
massive objects is directly proportional to the product of their masses and inversely
proportional to the square of the distance between their centers. This relationship
was then extended to explain the motion of Earth and other planets about the Sun.

Initially, the universe consisted of light elements, such as hydrogen, helium, and
lithium, distributed in space. The attraction of every particle of matter for every
other particle of matter caused the stars to form, making possible the “stuff” of the
universe. As gravity is the fundamental force responsible for the formation and mo-
tion of stars and of the clusters of stars called galaxies, it controls the size and shape
of the universe.

STANDARD SET 3. Structure of Matter

There is no disagreement about the importance of under-
standing the structure of matter. Richard Feynman, a
famous Nobel prize-winning physicist, has said:

L= R If, in some cataclysm, all scientific knowledge were to be
destroyed and only one sentence passed on to the next generation of creatures, what
statement would contain the most information in the fewest words? I believe it is the
atomic hypothesis (or atomic fact, or whatever you wish to call it) that all things are
made of atoms—little particles that move around in perpetual motion attracting
each other when they are a little distance apart, but repelling upon being squeezed
into one another.”

Teachers should assess students” knowledge prior to instruction of this topic, as
the atomic theory of matter may be very challenging to them. Students are expected
to recall terms and definitions from earlier introductions to the concepts of atoms,
molecules, and elements. Instruction should provide empirical evidence for the
atomic theory, which will be useful for understanding science and crucial to the
study of chemistry.

133

Chapter 4
The Science
Content
Standards for
Grades Six
Through Eight

Grade Eight
Focus on Physical
Sciences



134

Chapter 4
The Science
Content
Standards for
Grades Six
Through Eight

Grade Eight
Focus on Physical
Sciences

When students learn about the structure of matter, teachers should emphasize
that the historical evidence for atoms was based largely on indirect measurements
and inferences far removed from direct experience. Recently, instruments have been
built that produce images of individual atoms, confirming what was inferred earlier
as a result of overwhelming evidence from many scientific experiments. Most scien-
tists come to know the atomic theory is true by repeatedly using the concepts and
principles presented in the theory to explain observed properties and predict
changes in matter.

3. Each of the more than 100 elements of matter has distinct proper-
ties and a distinct atomic structure. All forms of matter are com-
posed of one or more of the elements. As a basis for understanding
this concept:

a. Students know the structure of the atom and know it is composed of
protons, neutrons, and electrons.

Shortly after British physicist Ernest Rutherford inferred the existence of atomic
nuclei, the general idea emerged that atoms are mostly empty space with a tiny,
massive nucleus at the center containing positively charged protons and neutral neu-
trons. This nucleus is surrounded by tiny, negatively charged electrons, each with
about 1/2,000 the mass of a proton or neutron. Danish physicist Niels Bohr devel-
oped a model of the hydrogen atom to explain its visible spectrum. At the high
school level, the chemistry standards require students to know the historical impor-
tance of this model. Bohr’s model succeeded in predicting the spectrum of light
emitted by hydrogen atoms and is therefore the acknowledged starting point for
understanding atomic structure. However, Bohr’s “solar” model of the atom, dia-
grammed in most textbooks as showing electrons in circular orbits about the
nucleus, is oversimplified. Rather than try to describe how the electrons in an atom
are moving, teachers are better advised to help students develop a model of the atom
in which each electron has definite energy. Students should know that the energy of
each electron in an atom keeps it in motion around the positive nucleus to which it
is attracted. The structure of multielectron atoms is understood in terms of electrons
filling energy levels that define orbitals.

3. b. Students know that compounds are formed by combining two or more
different elements and that compounds have properties that are dif-
ferent from their constituent elements.

The word combining implies bonding. Understanding the concepts of ionic and
covalent bonding helps explain why some elements combine to form compounds
and some do not. Atoms of different elements combine to form compounds; a com-
pound may, and usually does, have chemical characteristics and physical properties
that are different from those of its constituent elements. Examples and generaliza-
tions may be drawn from ionic compounds formed of metals and nonmetals and
covalently bonded, organic compounds formed from carbon and other elements.



Students often learn to manipulate chemical equations without having a picture
in their minds of physical reality at the atomic level. The ability to create such a
picture is a useful skill that helps students keep track of all the atoms in the process.
For example, the reaction of methane and oxygen to form carbon dioxide and water
can be visualized by using models or drawing pictures of the atoms and molecules
in the reactants. These molecules can then be rearranged into new products. (Make
sure that all the atoms in the starting reactants are accounted for in the new prod-
ucts.) Instruction in this standard will help students understand that compounds
are collections of two or more different kinds of atoms that are bonded together.
Knowing exactly how the atoms are organized to form a molecule is not essential.

3. c. Students know atoms and molecules form solids by building up repeat-
ing patterns, such as the crystal structure of NaCl or long-chain
polymers.

Crystals of table salt, the compound NaCl, have a regular, cubic structure in
which sodium (Na*) ions alternate with chlorine (CI) ions in three-dimensional
array with the atoms at the corner of cubes forming the lattice. In organic polymers,
the carbon, hydrogen, sometimes oxygen, and nitrogen atoms combine to form
long, repetitive, stringlike molecules.

Inexpensive models of molecules may be made by using colored gumdrops
(held together by toothpicks) to represent molecules. Students identify the atoms
that constitute the molecules by using a color-coded key relating the color of the
gumdrop to an atom of an element. They learn that the shape of a molecule is im-
portant to its chemical and physical properties. At the high school level, students
will be introduced to the idea that shape is determined mainly by the electron con-
figuration that provides the most energy-stable system.

Students can also grow crystals from a solution and should understand that this
process leads to the building up of atoms into a lattice. Students may begin the pro-
cess by dissolving an excess of sodium chloride, sugar, or Epsom salts in water.
Then they hang a string in the water and store the container in a place where it will
be undisturbed while the water evaporates. Crystals will form on the string. Putting
a small (seed) crystal tied to a piece of thread in the solution will accelerate the
growth process. Books and kits (including chemicals, glassware, and instructions)
on crystal growing are available commercially. Students can watch crystals grow on
slides under a microscope. Some crystals display vivid colors when viewed between
crossed sheets of polarizing material.

3. d. Students know the states of matter (solid, liquid, gas) depend on
molecular motion.

All atoms, and subsequently all molecules, are in constant motion. For any
given substance the relative freedom of motion of its atoms or molecules increases
from solids to liquids to gases. When a thermometer is inserted into a substance
and the temperature is measured, the average atomic or molecular energy of motion
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is being measured. The state of matter of a given substance therefore depends on
the balance between the internal forces that would restrain the motion of the atoms
or molecules and the random motions that are in opposition to those restraints.

The change in phases is evidence of various degrees of atomic and molecular
motion. The conditions of temperature and pressure under which most materials
change from solid to liquid or liquid to vapor (gas) or gas to plasma have been mea-
sured. Those properties are difficult to predict but are highly reproducible for dif-
ferent samples of the same material and can be used to identify substances. Some
substances will go from solid to gas directly at one atmosphere pressure. Dry ice,
which is frozen carbon dioxide, is an example. Chemistry handbooks contain the
melting points (or freezing points) and boiling points (or condensation tempera-
tures) of most materials usually under one atmosphere pressure. If the pressure is
not one atmosphere, those temperatures change. Some substances have more than
one stable solid phase at room temperature. Graphite, with its soft black texture
and its hard, clear crystalline diamond atomic structure, represents the two solid
phases of elemental carbon.

Water is another example of a substance that undergoes a change in atomic and
molecular motion under extreme conditions of temperature and pressure. At one
atmosphere pressure, ice forms when water is cooled below zero degrees Celsius (or
32 degrees Fahrenheit). Above the freezing point the average molecular energy of
motion of the water molecules is just enough to overcome the attractive forces be-
tween the molecules. The water molecules thereby avoid being locked in place and
remain liquid. At and below the freezing point, the water molecules become the
solid, crystalline material called ice. When liquid water is heated to temperatures of
100 degrees Celsius, molecular motion increases until large groups of water mol-
ecules overcome the attractive forces between the molecules. At this point those
energetic molecules form bubbles of steam, which are bubbles of gas made not of
air but of water. The process in which bubbles of water vapor escape from liquid
water is called boiling. Continued heating will change the liquid water entirely into
vapor instead of raising the temperature of the water above 100 degrees Celsius.

3. e. Students know that in solids the atoms are closely locked in position
and can only vibrate; in liquids the atoms and molecules are more
loosely connected and can collide with and move past one another;
and in gases the atoms and molecules are free to move indepen-
dently, colliding frequently.

The atoms or molecules of a solid form a pattern that minimizes the structural
energy of the solid consistent with the way in which the atoms or molecules attract
at long distances but repel at short distances. The atoms or molecules vibrate about
their equilibrium positions in this pattern. When raised above the melting tempera-
ture, the atoms or molecules acquire enough energy to slide past one another so
that the material, now a liquid, can flow; the density of the liquid remains very
close to that of the solid, demonstrating that in a solid or a liquid the atoms stay at
about the same average distance.



If a single atom or molecule acquires enough energy, however, it can pull away
from its neighbors and escape to become a molecule of a gas. Gas molecules move
about freely and collide randomly with the walls of a container and with each
other. The distance between molecules in a gas is much larger than that in a solid
or a liquid, and this point may be emphasized when students study density.

3. f. Students know how to use the periodic table to identify elements in
simple compounds.

The periodic table of elements is arranged horizontally in order of increasing
atomic number (number of protons) and vertically in columns of elements with
similar chemical properties. Students should learn to use the periodic table as a
quick reference for associating the name and symbol of an element in compounds
and ions. They should be able to find the atomic number and atomic weight of the
element listed on the table. The periodic table is both a tool and an organized ar-
rangement of the elements that reveals the underlying atomic structure of the at-
oms. This standard focuses on the table as a tool.

Every field of science uses the periodic table, and various forms of it exist.
Astrophysicists may have a table that includes elemental abundances in the solar
system. Physicists and engineers may use tables that include boiling and melting
points or thermal and electrical conductivity of the elements. Chemists have tables
that show the electron structures of the element. Students should be encouraged to
refer to the periodic table as they study the properties of matter and learn about
the atomic model.

STANDARD SET 4. Earth in the Solar
System (Earth Sciences)

Students in grade eight are ready to tackle the larger pic-
ture of galaxies and astronomical distances. They are

ready to study stars compared with and contrasted to the
Sun and to learn in greater detail about the planets and
other objects in the solar system. High school studies of earth sciences will include
the dimension of time along with three-dimensional space in the study of as-
tronomy.

4. The structure and composition of the universe can be learned from
studying stars and galaxies and their evolution. As a basis for under-
standing this concept:

a. Students know galaxies are clusters of billions of stars and may have
different shapes.

Stars are not uniformly distributed throughout the universe but are clustered
by the billions in galaxies. Some of the fuzzy points of light in the sky that were
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originally thought to be stars are now known to be distant galaxies. Galaxies them-
selves appear to form clusters that are separated by vast expanses of empty space. As
galaxies are discovered they are classified by their differing sizes and shapes. The
most common shapes are spiral, elliptical, and irregular. Beautiful, full-color photo-
graphs of astronomical objects are available on the Internet, in library books, and in
popular and professional journals. It may also interest students to know that as-
tronomers have inferred the existence of planets orbiting some stars.

4. b. Students know that the Sun is one of many stars in the Milky Way
galaxy and that stars may differ in size, temperature, and color.

The Sun is a star located on the rim of a typical spiral galaxy called the Milky
Way and orbits the galactic center. In similar spiral galaxies this galactic center ap-
pears as a bulge of stars in the heart of the disk. The bright band of stars cutting
across the night sky is the edge of the Milky Way as seen from the perspective of
Earth, which lies within the disk of the galaxy. Stars vary greatly in size, tempera-
ture, and color. For the most part those variations are related to the stars’ life cycles.
Light from the Sun and other stars indicates that the Sun is a fairly typical star.

It has a mass of about 2 x 10%° kg and an energy output, or luminosity, of about

4 x 10% joules/sec. The surface temperature of the Sun is approximately 5,500
degrees Celsius, and the radius of the Sun is about 700 million meters. The surface
temperature determines the yellow color of the light shining from the Sun. Red
stars have cooler surface temperatures, and blue stars have hotter surface tempera-
tures. To connect the surface temperature to the color of the Sun or of other stars,
teachers should obtain a “black-body” temperature spectrum chart, which is typi-
cally found in high school and college textbooks.

4. c. Students know how to use astronomical units and light years as
measures of distance between the Sun, stars, and Earth.

Distances between astronomical objects are enormous. Measurement units such
as centimeters, meters, and kilometers used in the laboratory or on field trips are
not useful for expressing those distances. Consequently, astronomers use other
units to describe large distances. The astronomical unit (AU) is defined to be equal
to the average distance from Earth to the Sun: 1 AU = 1.496 x 10" meters. Dis-
tances between planets of the solar system are usually expressed in AU. For dis-
tances between stars and galaxies, even that large unit of length is not sufficient.
Interstellar and intergalactic distances are expressed in terms of how far light travels
in one year, the light year (ly): 1 ly = 9.462 x 10" meters, or approximately 6 tril-
lion miles. The most distant objects observed in the universe are estimated to be
10 to 15 billion light years from the solar system. Teachers need to help students
become familiar with AUs by expressing the distance from the Sun to the planets in
AUs instead of meters or miles. A good way to become familiar with the relative
distances of the planets from the Sun is to lay out the solar system to scale on a
length of cash register tape.



4. d. Students know that stars are the source of light for all bright objects
in outer space and that the Moon and planets shine by reflected sun-
light, not by their own light.

The energy from the Sun and other stars, seen as visible light, is caused by
nuclear fusion reactions that occur deep inside the stars’ cores. By carefully analyz-
ing the spectrum of light from stars, scientists know that most stars are composed
primarily of hydrogen, a smaller amount of helium, and much smaller amounts of
all the other chemical elements. Most stars are born from the gravitational com-
pression and heating of hydrogen gas. A fusion reaction results when hydrogen
nuclei combine to form helium nuclei. This event releases energy and establishes a
balance between the inward pull of gravity and the outward pressure of the fusion
reaction products.

Ancient peoples observed that some objects in the night sky wandered about
while other objects maintained fixed positions in relation to one another (i.e., the
constellations). Those “wanderers” are the planets. Through careful observations of
the planets’ movements, scientists found that planets travel in nearly circular
(slightly elliptical) orbits about the Sun.

Planets (and the Moon) do not generate the light that makes them visible, a
fact that is demonstrated during eclipses of the Moon or by observation of the
phases of the Moon and planets when a portion is shaded from the direct light of
the Sun.

Various types of exploratory missions have yielded much information about the
reflectivity, structure, and composition of the Moon and the planets. Those mis-
sions have included spacecraft flying by and orbiting those bodies, the soft landing
of spacecraft fitted with instruments, and, of course, the visits of astronauts to the
Moon.

4. e. Students know the appearance, general composition, relative position
and size, and motion of objects in the solar system, including planets,
planetary satellites, comets, and asteroids.

Nine planets* are currently known in the solar system: Mercury, Venus, Earth,
Mars, Jupiter, Saturn, Uranus, Neptune, and Pluto. They vary greatly in size and
appearance. For example, the mass of Earth is 6 x 10** kg and the radius is 6.4 x
10° m. Jupiter has more than 300 times the mass of Earth, and the radius is ten
times larger. The planets also drastically vary in their distance from the Sun, period
of revolution about the Sun, period of rotation about their own axis, tilt of their
axis, composition, and appearance. The inner planets (Mercury, Venus, Earth, and
Mars) tend to be relatively small and are composed primarily of rock. The outer
planets (Jupiter, Saturn, Uranus, and Neptune) are generally much larger and are
composed primarily of gas. Pluto is composed primarily of rock and is the smallest
planet in the solar system.

All the planets are much smaller than the Sun. All objects are attracted toward
one another gravitationally, and the strength of the gravitational force between
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eight planets. Pluto
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definition of a
“planet” but is now
classified under a
new distinct class of
objects called

“dwarf planets.”
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them depends on their masses and the distance that separates them from one an-
other and from the Sun. Before Newton formulated his laws of motion and the law
of universal gravitational attraction, German astronomer Johannes Kepler deduced
from astronomical observations three laws (Kepler’s laws) that describe the motions
of the planets.

Planets have smaller objects orbiting them called satellites or moons. Earth has
one moon that completes an orbit once every 28 days (approximately). Mercury
and Venus have no moons, but Jupiter and Saturn have many moons. Very small
objects composed mostly of rock (asteroids) or the ice from condensed gases (com-
ets) or both also orbit the Sun. The orbits of many asteroids are relatively circular
and lie between the orbital paths of Mars and Jupiter (the asteroid belt). Some aster-
oids and all comets have highly elliptical orbits, causing them to range great dis-
tances from very close to the Sun to well beyond the orbit of Pluto.

Teachers should look for field trip opportunities for students to observe the
night sky from an astronomical observatory or with the aid of a local astronomical
society. A visit to a planetarium would be another way of observing the sky. If fea-
sible, teachers should have students observe the motion of Jupiter’s inner moons as
well as the phases of Venus. Using resources in the library-media center, students
can research related topics of interest.

g""‘ H STANDARD SET 5. Reactions

y - AQ When substances react, the atoms involved in the reactants
i A 1— are rearranged, forming other products. Students have
ek L learned that the physical and chemical properties of the
‘..-1.* { newly formed substances (products) are different from the

physical and chemical properties of the original substances
(reactants). Students in grade eight will learn that it is the underlying arrangement
of the atoms in the reactants and products and the energy needed or released during
the rearrangement process that explain chemical reactions. Understanding chemical
reactions is essential because they constitute, directly or indirectly, a large portion
of the discipline of chemistry.

Students need to be able to distinguish a chemical change from a physical
change. In a physical change one or more physical properties of the material are
altered, but the chemical composition (i.e., the arrangement of the atoms in mol-
ecules) remains the same. In a chemical change the atoms are rearranged to form
new substances with different chemical and physical properties. Students must be
familiar with the periodic table and the names and symbols of the chemical ele-
ments.

In grade one students are prepared for the idea of chemical reactions when they
learn that the properties of substances can change when they are mixed, cooled, or
heated. In grade three they learn that when two or more substances are combined, a
new substance may be formed with properties that are different from those of the
original materials. In grade five they learn that during chemical reactions, the atoms
in the reactants rearrange to form products with different properties.



The study on reactions begun in grade eight will support future studies about
conservation of matter and stoichiometry as well as work on acids, bases, and solu-
tions. Students will go beyond studying reactions and their reactant/product rela-
tionships to work with the rates of reaction and chemical equilibrium. Students
should be able to envision a chemical equation at the atomic and molecular levels.
They should “see” the number of reactant atoms and molecules in the equation
coming together and by some process rearranging into the correct number of atoms
and molecules that form the products. This important conceptual skill helps stu-
dents to keep track of all the atoms.

5. Chemical reactions are processes in which atoms are rearranged
into different combinations of molecules. As a basis for understand-
ing this concept:

a. Students know reactant atoms and molecules interact to form products
with different chemical properties.

This standard focuses on changes that occur when atoms and molecules as reac-
tants form product compounds with different chemical properties. Teachers may
have students perform simple reactions or demonstrate the reactions for students.
All students should be able to learn the more important chemical reactions and the
elements involved in them, especially if common compounds such as vinegar (acetic
acid), baking soda (sodium bicarbonate), table salt (sodium chloride), carbonated
water, and nutritional minerals and foods are used in activities or demonstrations.
An example might involve adding calcium chloride and baking soda to water. Such
reactions demonstrate clearly the differences in properties between reactants (solids

and liquid) and products (solid, liquid, and gas).

5. b. Students know the idea of atoms explains the conservation of matter:
In chemical reactions the number of atoms stays the same no matter
how they are arranged, so their total mass stays the same.

The conservation of matter is a classical concept, reinforcing the idea that atoms
are the fundamental building blocks of matter. Atoms do not appear or disappear in
traditional chemical reactions in which the constituent atoms and/or polyatomic
ions are simply rearranged into new and different compounds. Conservation of
atoms is fundamental to the idea of balancing chemical equations. The total num-
ber of atoms of each element in the reactants must equal the total number of atoms
of each element in the products. The total number of atoms, hence the total mass,
stays the same before and after the reaction.

There are several ways to teach and assess students’ understanding of the con-
cept of conservation of mass in chemical reactions. Weighing reactants before and
products after a reaction shows that mass is neither gained nor lost. However, ex-
perimental errors are possible; the most common one is not sufficiently drying the
products before weighing. One simple demonstration of the concept that atoms (or
matter) are conserved in chemical reactions in which mass might appear to be lost is
to determine the combined mass of a small, sealed container filled one-third with
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water, the screw-on cap, and one-quarter of an effervescent tablet. After the piece of
tablet is dropped in the water, the container is immediately sealed. When the fizz-
ing has stopped, the combined mass of the sealed container and the tablet should
remain the same. After the seal is broken, much of the carbon dioxide gas formed
by the reaction escapes, and the mass of the container and its contents decrease.

Students should also be taught to balance simple chemical equations. This step
reinforces the idea that atoms do not appear or disappear in chemical reactions and,
therefore, that matter is conserved.

5. c. Students know chemical reactions usually liberate heat or absorb heat.

In chemical reactions the atoms in the reactants rearrange to form products,
and there is usually a net change in energy. Breaking bonds between atoms requires
energy; making a bond releases energy. If the total making and breaking of all
bonds for a particular chemical reaction results in a net release of energy, the reac-
tion is said to be exothermic. The energy is typically released as heat into nearby
matter. If the total making and breaking of bonds results in a net absorption of
energy, the reaction is called endothermic. The energy is typically absorbed as heat
from nearby matter, which therefore cools. A convenient way to demonstrate that
chemical reactions release or absorb heat is the application of the hot packs or cold
packs used for athletic injuries. The change in temperature produced by those packs
may be the result of a chemical reaction, or it may be caused by a “heat of solution”
and not by a chemical reaction. For example, dissolving is considered a physical and
not a chemical change because the compound may be recovered, unchanged chemi-
cally, by evaporation.

5. d. Students know physical processes include freezing and boiling, in which
a material changes form with no chemical reaction.

When heated, many solid materials undergo a reversible change of state into a
liquid (melting). Under the standard condition of one atmosphere of pressure, the
temperature at which such a solid material melts is the same as the temperature at
which the liquid material freezes; this temperature, called the melting point, is char-
acteristic of the material. Many liquid materials when heated also undergo a revers-
ible change of state into a gas. Under one atmosphere of pressure, such a liquid
material may boil; the temperature at which this occurs is also characteristic of the
material and is called the boiling point. Such reversible changes—back and forth
from solid to liquid or from liquid to gas—are called physical changes because no
chemical change (a permanent reordering of the atoms into new molecules) occurs.
Similarly, the dissolving of one substance into another, such as a solid or gas into a
liquid, is often reversible (by evaporating the liquid to leave the solid or heating the
liquid to drive out the gas) and is also called a physical rather than a chemical
change. Physical changes can usually be undone to recover the original materials
unchanged. Activities such as mixing iron filings with sand demonstrate a physical
change. In this case a magnet can recover the iron filings from the mixture.



5. e. Students know how to determine whether a solution is acidic, basic,
or neutral.

Indicators that change color are routinely used to determine whether a solution
is acidic, basic, or neutral. A pH scale indicates with numbers the concentration of
hydrogen ions in a solution and characterizes a solution as acidic (lower than 7),
basic (higher than 7), or neutral (near 7). There are electrodes and electronic in-
struments that can measure directly the pH of a solution. Some acids and bases are
defined other than by their hydrogen ion concentration, but they will be addressed
in high school chemistry. Teachers may give students the opportunity to test solu-
tions, including foods such as fruits and vegetables, with pH paper, litmus paper,
indicator solutions, or pH meters to determine whether a solution or food is acidic,
basic, or neutral. Students should be familiar with the pH scale to know what a
given pH value indicates.

STANDARD SET 6. Chemistry of Living
Systems (Life Sciences)

Because all living organisms are made up of atoms, chemi-
cal reactions take place continually in plants and animals,

including humans. The uniqueness of organic chemistry
stems from chain polymers. Lite could not exist without the
ability of some chemicals to join together, repetitively, to form large, complex mol-
ecules. Concepts learned in this standard set are critical for understanding fully the
chemistry of the cells of organisms, genetics, ecology, and physiology that will be
taught in the high school biology/life sciences standard sets.

6. Principles of chemistry underlie the functioning of biological
systems. As a basis for understanding this concept:
a. Students know that carbon, because of its ability to combine in many
ways with itself and other elements, has a central role in the chemistry
of living organisms.

Carbon is unique among the elements because it can bond to itself and to
many other elements. This attribute makes possible many different kinds of large,
carbon-based molecules. Typically, carbon will make four separate covalent bonds
(to other carbon atoms), but double and triple bonds are also possible. The variety
of bonds allows carbon-based molecules to have a wide range of shapes and chemi-
cal properties. Key shapes include tetrahedral (e.g., methane and carbon tetrachlo-
ride), planar (e.g., formaldehyde and ethylene), and linear (e.g., acetylene and
carbon dioxide). Students can research the nomenclature, composition, and struc-
ture of organic molecules by using textbooks and supplemental instructional mate-
rials. They can also construct models of carbon-based molecules by using
commercial modeling kits or inexpensive alternatives (e.g., gumdrops and tooth-

picks).
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6. b. Students know that living organisms are made of molecules consisting
largely of carbon, hydrogen, nitrogen, oxygen, phosphorus, and
sulfur.

Living organisms are made up of a great variety of molecules consisting of
many atoms (with carbon atoms playing the main roles), but the number of differ-
ent elements involved is quite small. Carbon and only five other elements make up
most of Earth’s biomass. Those six elements, however, can combine in many differ-
ent ways to make large, organic molecules and compounds. To demonstrate this
idea, teachers may burn organic material, such as bone, leaves, wood, or a variety of
candles. They may hold a cold glass or plate above the flame to condense droplets
of water, one of the combustion products. They may also hold a heat-treated glass
in the flames to collect carbon deposits in the form of soot. Students can discuss
what elements were in the organic material. Teachers may draw students’ attention
to the black material that forms when meat is roasted or grilled or when toast is
charred.

6. c. Students know that living organisms have many different kinds of
molecules, including small ones, such as water and salt, and very large
ones, such as carbohydrates, fats, proteins, and DNA.

Living organisms require a variety of molecules; some molecules contain carbon
and some do not. The molecules that make up organisms and control the bio-
chemical reactions that take place within them are usually large molecules, such as
DNA, proteins, carbohydrates, and fats. Organisms also require simple substances,
such as water and salt, to support their functioning. Teachers may encourage stu-
dents to research why plants and animals need simple molecules such as water.
Other activities for teachers may include squeezing the water from celery or turnips
to demonstrate the presence of water. Or they may ask students how they can dem-
onstrate that water is in fruits and vegetables (e.g., dried fruit). Teachers may also
ask students how they know that there is salt in their bodies. Most students know
that their perspiration tastes salty.

STANDARD SET 7. Periodic Table

Students will need to know the chemical symbols of the
common elements. It will be helpful for them to be famil-
iar with other properties of materials, such as melting tem-
peratures, boiling points, density, hardness, and thermal
and electrical conductivity. By the time students begin the
study of this standard set, they should be familiar with the periodic table and
should know the names and chemical symbols of most of the common elements. In

this standard set they must now look in greater detail at and learn the significance
of atomic numbers and isotopes and how they relate to the classification of ele-
ments. Students need to go more deeply into the elemental properties that serve as



the basis for the periodic arrangement. Meeting the standards in this set will serve as
a strong foundation for the study of atomic and molecular structures and of the
relationship between these structures and the arrangement of elements on the peri-
odic table that will take place in high school chemistry.

A common form of the periodic table has 18 columns (groups of elements) in
the main body. This form shows the periodicity, or repeating pattern, of chemical
and some physical properties of the elements. What varies most in published peri-
odic tables is the information provided in the box that represents each element. The
most useful tables are those that show the physical properties of the most common
form of the element in addition to the atomic number and the atomic weight. A
table that color-codes metals and nonmetals is also useful.

Elements shown toward the top of the periodic table are lighter, and those to-
ward the bottom are heavier. Elements shown to the left are generally metallic, and
those toward the right are nonmetallic. The word metallic refers to the collective
properties of common metals: luster, malleability, high electrical and thermal (heat)
conductivity. Although the majority of elements in the periodic table are metals, a
few are classified as semimetals and may be found bordering the transition between
the metals and nonmetals. When atoms from the left side of the table combine with
atoms from the right side, they tend to form ionic salts, which are brittle crystalline
compounds with high melting temperatures.

At the high school level, students will learn that the arrangement of the elements
in the columns of the periodic table reflects the electron structure of the atoms of
each element. This pattern explains the similarity in the chemical properties of the
elements in each column of the periodic table.

Students should be readily able to use the periodic table to find the atomic
number of an element and should know that there is a pattern of increasing atomic
numbers as the table is read from left to right and down one row at a time. The
lanthanides and actinides are placed off the table to save space; however, if they were
placed in the table they would still be read in the same manner—from left to right
and then down. Students should also know that the atomic number is the number
of protons in the nucleus.

7. The organization of the periodic table is based on the properties of
the elements and reflects the structure of atoms. As a basis for
understanding this concept:

a. Students know how to identify regions corresponding to metals, non-
metals, and inert gases.

The periodic table of elements is structured so that metals are shown on the left,
with the most reactive metals on the far left. Nonmetals are located on the right,
with the most reactive next to the “inert” gases on the far right. Despite the name,
inert gases are not truly inert. Although no naturally occurring inert gas compounds
are known, some have been synthesized in the laboratory. Therefore most scientists
use the term noble gas instead of inert gas. Semimetals, found between the metals
and nonmetals in the periodic table, are elements, such as silicon, that have some
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properties of metals but also have properties that are typical of nonmetals. Although
only a few elements fit this category, the unique electrical property of semimetal
elements is that they are semiconductors, an essential property for computer chips.
The rare earth elements can be used to produce very strong magnets.

Students should know that scientists have the right to name their discoveries
and that some elements have been named after famous men and women scientists,
such as curium, einsteinium, and seaborgium.

7. b. Students know each element has a specific number of protons in the
nucleus (the atomic number) and each isotope of the element has a
different but specific number of neutrons in the nucleus.

A rigorous definition of the term element is based on the number of protons in
the atom’s nucleus (the atomic number). All atoms of a given element have the same
number of protons in the nucleus. Atoms with different atomic numbers are atoms
of different elements. Although the number of protons is fixed for a particular ele-
ment, the same is not true for the number of neutrons in the nucleus. An element
that has different numbers of neutrons in its atoms is called an Zsozope of the ele-
ment. For example, all hydrogen atoms have one proton in the nucleus, but there
are two additional isotopes of hydrogen with different numbers of neutrons. One is
called deuterium (one proton and one neutron), and the other is called tritium (one
proton and two neutrons). The common isotope of hydrogen has one proton and
no neutrons in its nucleus.

Some isotopes are radioactive, meaning that the nucleus is unstable and can
spontaneously emit particles or trap an electron to become the nucleus of a different
element with a different atomic number. All the isotopes of some elements are ra-
dioactive, such as element 43, technetium, or element 86, radon. No stable samples
of those elements exist. Element 92, uranium, is another example of an element in
which no stable isotopes exist. However, uranium (atomic weight 238) is found in
nature because it decays so slowly that it is still present in Earth’s crust. The atomic
number of each element represents the number of protons in the nucleus. There-
fore, as the atomic number increases, the mass of the atoms of succeeding elements
generally increases although exceptions exist because of the varying numbers of neu-
trons in some isotopes. Typically, however, the atoms of the elements in the peri-
odic table increase from left to right, and those elements listed in the lower rows are
more massive than those in the upper rows.

7. c. Students know substances can be classified by their properties, includ-
ing their melting temperature, density, hardness, and thermal and
electrical conductivity.

The physical properties of substances reflect their chemical composition and
atomic structure. The melting temperature or hardness of the common forms of the
elements is related to the forces that hold the atoms and molecules together. One
can compare the boiling points of carbon and nitrogen. Carbon is solid up to very



high temperatures (3,600 degrees Celsius); nitrogen, the element next to it, is a gas
until it is cooled to below negative 196 degrees Celsius. This dramatic difference

between two adjacent elements on the periodic table shows there must be very dif-
ferent intermolecular forces acting as a result of a slight change in atomic structure.

Density is the mass per unit volume and is a function of both the masses of
individual atoms and the closeness with which the atoms are packed.

Electrical conductivity and thermal conductivity are strongly dependent on
how tightly electrons are held to individual atoms. Metals and nonmetals may be
found in portions of the periodic table. Metal atoms combine in regular patterns in
which some electrons are free to move from atom to atom, a condition that ac-
counts for both high electrical and high thermal conductivity.

STANDARD SET 8. Density and Buoyancy

The central goal of this standard set is to be able to answer
the simple question, Will an object sink or will it float?
Students will learn that density is a physical property of a
substance independent of how much of the substance is
available, and they will be able to relate the property of
density to the phenomenon of buoyancy. Archimedes, a Greek mathematician, is
credited with first recognizing that different substances have different densities and

that fluids exert a buoyant force on objects submerged in them. He came to this
understanding while trying to determine what else was in a supposedly gold crown.

Archimedes came to a simple realization: water does not sink in water. That is,
if one focuses on one drop of water in a container of water (and if one could keep
the drop intact and distinct), the drop would not fall to the bottom of the container
even though it has weight. The surrounding water must exert an upward buoyant
force on the drop equal to the weight of the drop. The drop would fall if its weight
were greater than the buoyant force supplied by the surrounding water. The drop
would rise if it weighed less than the buoyant force. The surrounding water exerts
an upward buoyant force on any volume within it equal to the weight of that vol-
ume of water. Understanding the nature of floating and sinking led Archimedes to
realize that different substances have different densities—the key to determining
whether the crown was gold or a fake.

Density is a property characteristic of the material itself and does not change
whether the material is subdivided or the amount available is altered. Different sub-
stances have different densities, so knowing the density of a sample is useful in de-
termining its composition. For example, the composition of Earth’s interior was
first inferred to be different from the composition of rocks in the lithosphere be-
cause the density of lithospheric rocks is different from the average density of Earth.

The density of solids and liquids, the two condensed states of matter, does not
vary much with changes in pressure or temperature. However, small differences in
density within a liquid or gas may be caused by local heating and result in convec-
tion currents. Because gases are so compressible, their densities may vary over a
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wide range of values. That is why tables of measured values of density are found
only for solids and liquids.

Most fluids (gases and liquids) are very poor conductors of heat. Normally,
fluids expand when their temperature increases because of the more rapid motion
of the constituent molecules. If a fluid is heated locally, the thermal energy is not
conducted rapidly to other parts of the fluid; the region that is hotter expands, be-
coming less dense than the cooler surrounding fluid. The buoyant force supplied
by the cooler surrounding fluid on the hotter expanded region is greater than the
weight of the hotter region. This force causes the hotter, less dense region of fluid
to be pushed up, a phenomenon known as “Hot air rises.”

A thorough understanding of density and buoyancy will be helpful in master-
ing the earth science standards in high school.

8. All objects experience a buoyant force when immersed in a fluid.
As a basis for understanding this concept:

a. Students know density is mass per unit volume.

Density is a physical property of a substance independent of the quantity of the
substance. That is, a cubic centimeter of a substance has the same density as a cubic
kilometer. Density may be expressed in terms of any combination of measurements
of mass and volume. The measurement units most commonly used in science are
grams per cubic centimeter for solids and grams per milliliter for liquids.

8. b. Students know how to calculate the density of substances (regular and
irregular solids and liquids) from measurements of mass and volume.

Density is calculated by dividing the mass of some quantity of material by its
volume. Mass may be determined by placing the material on a balance or scale and
subtracting the mass of its container. The volume of a liquid may be measured eas-
ily by using graduated cylinders, and the volume of a regular solid may be mea-
sured by using a ruler and the appropriate geometry formula. It is not as simple,
however, to measure the volume of an irregular solid. The volume of an irregularly
shaped solid object may be determined by water displacement.

8. c. Students know the buoyant force on an object in a fluid is an upward
force equal to the weight of the fluid the object has displaced.

Whether an object will float depends on the magnitude of the buoyant force of
the surrounding fluid (liquid or gas) compared with the weight of the object. The
buoyant force is equal to the weight of the volume of fluid displaced by the object.
The net force acting on a submerged body is the difference between the upward
buoyant force of the surrounding fluid and the downward pull of gravity on the
object (its weight). The same relationship applies to two separate fluids of differing
densities. Therefore, if the volume of the fluid displaced by a submerged solid ob-
ject weighs more than the object, the object will rise to the surface and float. If the
values are the same, the object is said to be neutrally buoyant and will neither sink



nor rise to the surface. If the volume of the surrounding fluid displaced by a solid
object weighs less than the object, the object will sink.

The buoyant force can be demonstrated convincingly by placing a water-filled,
sealed plastic sandwich bag in a container of water and noting that the sandwich bag
filled with water does not sink even though gravity applies a downward force on the
water-filled bag (its weight). Therefore, there must be an upward, buoyant force
applied by the surrounding water. If the sandwich bag is filled with a liquid that
weighs more than an equal volume of water, it will sink. If the liquid in the sand-
wich bag is less dense than water, it will float. Students can fill another sandwich
bag with hot water to demonstrate that it floats in room-temperature water. They
can fill a third sandwich bag with water slightly above the freezing point and repeat
the experiment to show that cold water will sink in room-temperature water.

To demonstrate buoyant forces dramatically, the teacher may place a heavy ob-
ject, such as a large rock, in a large container of water and ask students first to lift
the object in the container without removing the object from the water. Then the
teacher asks students to lift the object completely from the water. Students are usu-
ally startled by how much easier it is to lift the object while it is in a container of
water than to lift that same object when it is on a dry surface. People can move
heavy stones from one place to another when the stones are immersed in rivers and
lakes, but they often cannot lift the stone from the water. A small beach ball pushed
down into a large container of water produces the same effect in reverse for students
who have never experienced the large buoyant force that water can exert on a vol-
ume that is mostly air.

8. d. Students know how to predict whether an object will float or sink.

The most direct way to predict whether a substance or solid object will sink or
float in a fluid is to compare the density of the substance or object with the density
of the fluid, either by measurement or by looking up the values on a table of densi-
ties. If the object is less dense than the fluid, it will float. Materials with densities
greater than that of a liquid can be made to float on the liquid (e.g., steel boats and
concrete canoes floating on water) if they can be shaped to displace a volume of the
liquid equal to their weight before they submerge completely.

The density of liquids may be determined by using a hydrometer, either one
that is commercially available or one that is made from a pencil with a thumbtack in
the eraser. The depth to which an object of uniform density will sink in a liquid is a
relative measure of the density of the liquid. Simple hydrometers, based on this
principle, can be used to compare the densities of a variety of liquids with the den-
sity of water. The length of the hydrometer submerged in an unknown liquid (U)
compared with the length submerged in water (W) can be used to determine the
density of an unknown liquid (W/U) in metric units of grams per cubic centimeter.
How far a pencil hydrometer sinks in water may be marked as “1 gram per cubic
centimeter.” If the pencil sinks twice as far in another liquid, its density is 0.5 gram
per cubic centimeter; if it sinks half as far, the density is 2 grams per cubic centime-
ter; and so on.
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Air is also a fluid and exerts a buoyant force on objects submerged in it. Hot-air
balloons rise because the upward buoyant force of the cooler surrounding air is
greater than the weight of the hot, less dense air inside the balloon and the trap-
pings of the balloon. Helium balloons rise because a volume of helium gas is much
lighter than an equal volume of air at the same temperature and pressure.

STANDARD SET 9. Investigation
and Experimentation

Experiments can yield consistent, reproducible answers,
but the answers may be incorrect or off the mark for many

reasons. By the time students complete grade eight, they
should have a foundation in experimental design and be
able to apply logical thinking processes to evaluate experimental results and conclu-
sions. Mathematical representation of data is the key to making quantitative scien-
tific predictions. Graphs expressing linear relationships utilize proportional
reasoning and algebra. Students should be taught to apply their knowledge of pro-
portions and algebra to the reporting and analysis of data from experiments.

9. Scientific progress is made by asking meaningful questions and con-
ducting careful investigations. As a basis for understanding this con-
cept and addressing the content in the other three strands, students
should develop their own questions and perform investigations. Stu-
dents will:

a. Plan and conduct a scientific investigation to test a hypothesis.
b. Evaluate the accuracy and reproducibility of data.
c. Distinguish between variable and controlled parameters in a test.

d. Recognize the slope of the linear graph as the constant in the relation-
ship y = kx and apply this principle in interpreting graphs constructed
from data.

e. Construct appropriate graphs from data and develop quantitative state-
ments about the relationships between variables.

f. Apply simple mathematical relationships to determine a missing quan-
tity in a mathematic expression, given the two remaining terms
(including speed = distance/time, density = mass/volume, force = pres-
sure x area, volume = area x height).

g. Distinguish between linear and nonlinear relationships on a graph of
data.
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