WATER = OCEANS + RIVERS

In the WATER section, oceans and rivers connect with each
other and with the land around them. The stream table has
returned! This classic device enables students to see the
impact of water flow on a terrain. Students can add structures
and barriers to change the flow and discover the effect.




LAND = ABOVE + BENEATH

In the LAND section, the surface of the Earth awaits
exploration. Find out what happens when the plates

of the Earth’s surface shift and collide. Monitor seismo-
graphs and see where the Earth is quaking. Try your
hand at building quake-proof structure. Go underneath
the surface and crawl through a magma chamber.




CURRICULUM CONNECTIONS

For teachers in the School District of Philadelphia.

A VISIT TO THE CHANGING EARTH EXHIBIT SUPPORTS
CURRICULUM AND INSTRUCTION IN GRADES 4 THROUGH 8.

GRADE 4: First Marking Period = Land and Water
GRADE 5: Third Marking Period = Ecosystems

GRADE 6: First Marking Period = Landforms

GRADE 7: Second Marking Period = Weather and Climate

GRADE 8: Second Marking Period = Inside the Restless Earth

EDUCATIONAL STANDARDS

The Changing Earth exhibit is presented in context with the National Science
Education Standards and the Benchmarks for Science Literacy.

NATIONAL SCIENCE EDUCATION STANDARDS

An exploration of the Changing Earth exhibit can be used to support the National
Science Education Standards. (www.nap.edu/readingroom/books/nses)

In particular, the exhibit content can be used to help meet the following objectives.




CONTENT STANDARD A: SCIENCE AS INQUIRY

Activities meet this standard in part when students learn that:
* Simple instruments provide more information than scientists obtain using only their senses.
» Scientists develop explanations using observations and what they already know about

the world.

* Good explanations are based on evidence from investigations.
e Scientists make the results of their investigations public.

CONTENT STANDARD B: PHYSICAL SCIENCE
Activities meet this standard in part when students learn that:

* Materials can exist in different states—solid, liquid, and gas. Some common materials,
such as water, can be changed from one state to another by heating or cooling.

CONTENT STANDARD D: EARTH AND SPACE SCIENCE

Activities meet this standard in part when students learn that:

* Earth materials are solid rocks and soils, water, and the gases of the atmosphere.

* Soils have properties of color and texture, capacity to retain water, and ability to support the
growth of many kinds of plants. The surface of the earth changes. Some changes are due to
slow processes, such as erosion and weathering, and some changes are due to rapid

processes, such as landslides, volcanic eruptions, and earthquakes.

 Weather changes from day to day and over the seasons. Weather can be described by
measurable quantities, such as temperature, wind direction and speed, and precipitation.

CONTENT STANDARD F: SCIENCE IN PERSONAL AND SOCIAL PERSPECTIVES
Activities meet this standard in part when students learn that:

* The supply of many resources is limited. If used, resources can be extended through recycling
and decreased use.

e Changes in environments can be natural or influenced by humans. Some changes are good,
some are bad, and some are neither good nor bad. Pollution is a change in the environment
that can influence the health, survival, or activities of organisms, including humans.

* Some environmental changes occur slowly, and others occur rapidly.



CONTENT STANDARD A: SCIENCE AS INQUIRY

Activities meet this standard in part when students learn that:

e Technology used to gather data enhances accuracy.

CONTENT STANDARD B: PHYSICAL SCIENCE
Activities meet this standard in part when students learn that:

* Heat moves in predictable ways, flowing from warmer objects to cooler ones,
until both reach the same temperature.

CONTENT STANDARD D: EARTH AND SPACE SCIENCE
Activities meet this standard in part when students learn that:
e The solid earth is layered with a lithosphere; hot, convecting mantle; and dense, metallic core.

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

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

e Some changes in the solid earth can be described as the “rock cycle.” Old rocks at the earth’s
surface weather, forming sediments that are buried, then compacted, heated, and often re-
crystallized into new rock. Eventually, those new rocks may be brought to the surface by the
forces that drive plate motions, and the rock cycle continues.

» Water, which covers the majority of the earth’s surface, circulates through the crust, oceans,
and atmosphere in what is known as the “water cycle.” Water evaporates from the earth’s
surface, rises and cools as it moves to higher elevations, condenses as rain or snow, and falls
to the surface where it collects in lakes, oceans, soil, and in rocks underground.

* The atmosphere is a mixture of nitrogen, oxygen, and trace gases that include water vapor.
The atmosphere has different properties at different elevations; clouds, formed by the
condensation of water vapor, affect weather and climate.

e Global patterns of atmospheric movement influence local weather. Oceans have a major
effect on climate, because water in the oceans holds a large amount of heat.



CONTENT STANDARD F: SCIENCE IN PERSONAL AND SOCIAL PERSPECTIVES

Activities meet this standard in part when students learn that:

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

e Human activities also can induce hazards through resource acquisition, urban growth,
land-use decisions, and waste disposal. Such activities can accelerate many natural changes.

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



CONTENT STANDARD A: SCIENCE AS INQUIRY

Activities meet this standard when students learn that:
e Scientists rely on technology to enhance the gathering and manipulation of data.

 New techniques and tools provide new evidence to guide inquiry and new methods
to gather data, thereby contributing to the advance of science.

CONTENT STANDARD D: EARTH AND SPACE SCIENCE
Activities meet this standard in part when students learn that:

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

e Heating of earth’s surface and atmosphere by the sun drives convection within the
atmosphere and oceans, producing winds and ocean currents.

* Global climate is determined by energy transfer from the sun at and near the earth’s surface.
This energy transfer is influenced by dynamic processes such as cloud cover and the earth’s
rotation, and static conditions such as the position of mountain ranges and oceans.

e Interactions among the solid earth, the oceans, the atmosphere, and organisms have resulted
in the ongoing evolution of the earth system. We can observe some changes such as

earthquakes and volcanic eruptions on a human time scale, but many processes such as
mountain building and plate movements take place over hundreds of millions of years.

CONTENT STANDARD E: SCIENCE AND TECHNOLOGY
Activities meet this standard in part when students learn that:
e Scientific inquiry is driven by the desire to understand the natural world.

* Sometimes scientific advances challenge people’s beliefs and practical explanations
concerning various aspects of the world.



CONTENT STANDARD F: SCIENCE IN PERSONAL AND SOCIAL PERSPECTIVES

Activities meet this standard in part when students learn that:

e Human populations use resources in the environment in order to maintain and improve
their existence. Natural resources have been and will continue to be used to maintain
human populations.

* The earth does not have infinite resources; increasing human consumption places severe
stress on the natural processes that renew some resources, and it depletes those resources
that cannot be renewed.

* Humans use many natural systems as resources. Natural systems have the capacity to
reuse waste, but that capacity is limited. Natural systems can change to an extent that
exceeds the limits of organisms to adapt naturally or humans to adapt technologically.

e Natural ecosystems provide an array of basic processes that affect humans. Those processes
include maintenance of the quality of the atmosphere, generation of soils, control of the
hydrologic cycle, disposal of wastes, and recycling of nutrients. Humans are changing many
of these basic processes, and the changes may be detrimental to humans.

e Materials from human societies affect both physical and chemical cycles of the earth.

e Many factors influence environmental quality. Factors that students might investigate include
population growth, resource use, population distribution, overconsumption, the capacity
of technology to solve problems, poverty, the role of economic, political, and religious views,
and different ways humans view the earth.

 Normal adjustments of earth may be hazardous for humans. Humans live at the interface
between the atmosphere driven by solar energy and the upper mantle where convection
creates changes in the earth’s solid crust. As societies have grown, become stable, and
come to value aspects of the environment, vulnerability to natural processes of change
has increased.

« Some hazards, such as earthquakes, volcanic eruptions, and severe weather, are rapid and
spectacular. But there are slow and progressive changes that also result in problems for
individuals and societies. For example, change in stream channel position, erosion of bridge
foundations, sedimentation in lakes and harbors, coastal erosions, and continuing erosion
and wasting of soil and landscapes can all negatively affect society.



BENCHMARKS FOR SCIENCE LITERACY

The content of the Changing Earth exhibit supports student understanding of key ideas from
the American Association for the Advancement of Science Benchmarks for Science Literacy.
(www.project2061.org/publications/bsl)

4. THE PHYSICAL SETTING
4B. THE EARTH

By the end of the 2nd grade, students should know that:

» Water can be a liquid or a solid and can go back and forth from one form to the other.
If water is turned into ice and then the ice is allowed to melt, the amount of water is the
same as it was before freezing. 4B/P2

By the end of the 5th grade, students should know that:

* When liquid water disappears, it turns into a gas (vapor) in the air and can reappear
as a liquid when cooled, or as a solid if cooled below the freezing point of water.
Clouds and fog are made of tiny droplets or frozen crystals of water. 4B/E3

e Air is a material that surrounds us and takes up space and whose movement we feel as wind.
4B/E4

* The weather is always changing and can be described by measurable quantities such
as temperature, wind direction and speed, and precipitation. Large masses of air with
certain properties move across the surface of the earth. The movement and interaction
of these air masses is used to forecast the weather. 4B/E5

By the end of the 8th grade, students should know that:

* The earth is mostly rock. Three-fourths of the earth’s surface is covered by a relatively
thin layer of water (some of it frozen), and the entire planet is surrounded by a relatively
thin layer of air. 4B/M2ab

» Water evaporates from the surface of the earth, rises and cools, condenses into rain or snow,
and falls again to the surface. The water falling on land collects in rivers and lakes, soil,
and porous layers of rock, and much of it flows back into the oceans. The cycling of water
in and out of the atmosphere is a significant aspect of the weather patterns on Earth. 4B/M7

* Fresh water, limited in supply, is essential for some organisms and industrial processes.
Water in rivers, lakes, and underground can be depleted or polluted, making it unavailable
or unsuitable for life. 4B/M8



* Thermal energy carried by ocean currents has a strong influence on climates around the world.
Areas near oceans tend to have more moderate temperatures than they would if they were
farther inland but at the same latitude because water in the oceans can hold a large amount
of thermal energy. 4B/M9

* Some material resources are very rare and some exist in great quantities. The ability to
obtain and process resources depends on where they are located and the form they are in.
As resources are depleted, they may become more difficult to obtain. 4B/M10ab

e Recycling materials and the development of substitutes for those materials can reduce the
rate of depletion of resources but may also be costly. Some materials are not easily recycled.
4B/M10c

e The wasteful or unnecessary use of natural resources can limit their availability for other
purposes. Restoring depleted soil, forests, or fishing grounds can be difficult and costly.
4B/M1la

* The benefits of Earth’s resources—such as fresh water, air, soil, and trees—can be reduced
by deliberately or inadvertently polluting them. The atmosphere, the oceans, and the land
have a limited capacity to absorb and recycle waste materials. In addition, some materials
take a long time to degrade. Therefore, cleaning up polluted air, water, or soil can be difficult
and costly. 4B/MTlibc

* The temperature of a place on the earth’s surface tends to rise and fall in a somewhat
predictable pattern every day and over the course of a year. The pattern of temperature
changes observed in a place tends to vary depending on how far north or south of the
equator the place is, how near to oceans it is, and how high above sea level it is. 4B/M12

* The earth has a variety of climates, defined by average temperature, precipitation, humidity,
air pressure, and wind, over time in a particular place. 4B/M14

e The atmosphere is a mixture of nitrogen, oxygen, and trace amounts of water vapor,
carbon dioxide, and other gases. 4B/M15

By the end of the 12th grade, students should know that:

e Transfer of thermal energy between the atmosphere and the land or oceans produces
temperature gradients in the atmosphere and the oceans. Regions at different temperatures
rise or sink or mix, resulting in winds and ocean currents. These winds and ocean currents,
which are also affected by the earth’s rotation and the shape of the land, carry thermal
energy from warm to cool areas. 4B/H2

» Greenhouse gases in the atmosphere, such as carbon dioxide and water vapor, are
transparent to much of the incoming sunlight but not to the infrared light from the
warmed surface of the earth. When greenhouse gases increase, more thermal energy
is trapped in the atmosphere, and the temperature of the earth increases the light
energy radiated into space until it again equals the light energy absorbed from the sun. 4B/H4

e Climatic conditions result from latitude, altitude, and from the position of mountain ranges,
oceans, and lakes. Dynamic processes such as cloud formation, ocean currents, and
atmospheric circulation patterns influence climates as well. 4B/H5



* The earth’s climates have changed in the past, are currently changing, and are expected to
change in the future, primarily due to changes in the amount of light reaching places on the
earth and the composition of the atmosphere. The burning of fossil fuels in the last century
has increased the amount of greenhouse gases in the atmosphere, which has contributed
to Earth’s warming. 4B/H6

* The earth has many natural resources of great importance to human life. Some are readily
renewable, some are renewable only at great cost, and some are not renewable at all.
4B/HS8 (SFAA)

* Although the earth has a great capacity to absorb and recycle materials naturally,
ecosystems have only a finite capacity to withstand change without experiencing
major ecological alterations that may also have adverse effects on human activities.
4B/H9

4C. PROCESSES THAT SHAPE THE EARTH

By the end of the 2nd grade, students should know that:

* Chunks of rocks come in many sizes and shapes, from boulders to grains of sand
and even smaller. 4C/P1

« Change is something that happens to many things. 4C/P2

By the end of the 5th grade, students should know that:

* Waves, wind, water, and ice shape and reshape the earth’s land surface by eroding rock
and soil in some areas and depositing them in other areas, sometimes in seasonal layers.
4C/E1

* Rock is composed of different combinations of minerals. Smaller rocks come from the
breakage and weathering of bedrock and larger rocks. Soil is made partly from weathered
rock, partly from plant remains—and also contains many living organisms. 4C/E2

By the end of the 8th grade, students should know that:

e The interior of the earth is hot. Heat flow and movement of material within the earth
cause earthquakes and volcanic eruptions and create mountains and ocean basins.
Gas and dust from large volcanoes can change the atmosphere. 4C/M1

* Some changes in the earth’s surface are abrupt (such as earthquakes and volcanic eruptions)
while other changes happen very slowly (such as uplift and wearing down of mountains).
4C/M2a

e The earth’s surface is shaped in part by the motion of water (including ice) and wind over
very long times, which acts to level mountain ranges. Rivers and glacial ice carry off soil
and break down rock, eventually depositing the material in sediments or carrying it in solution
to the sea. 4C/M2b



» Sediments of sand and smaller particles (sometimes containing the remains of organisms) are
gradually buried and are cemented together by dissolved minerals to form solid rock again. 4C/M3

* Sedimentary rock buried deep enough may be re-formed by pressure and heat, perhaps
melting and re-crystallizing into different kinds of rock. These re-formed rock layers may be
forced up again to become land surface and even mountains. Subsequently, this new rock too
will erode. Rock bears evidence of the minerals, temperatures, and forces that created it. 4C/M4

* Thousands of layers of sedimentary rock confirm the long history of the changing surface of
the earth and the changing life forms whose remains are found in successive layers. The
youngest layers are not always found on top, because of folding, breaking, and uplift of layers. 4C/M5

* Although weathered rock is the basic component of soil, the composition and texture of
soil and its fertility and resistance to erosion are greatly influenced by plant roots and debris,
bacteria, fungi, worms, insects, rodents, and other organisms. 4C/M6

e Human activities, such as reducing the amount of forest cover, increasing the amount and
variety of chemicals released into the atmosphere, and intensive farming, have changed the
earth’s land, oceans, and atmosphere. Some of these changes have decreased the capacity
of the environment to support some life forms. 4C/M7

* There are a variety of different land forms on the earth’s surface (such as coastlines,
rivers, mountains, deltas, and canyons). 4C/M8

* The outer layer of the earth—including both the continents and the ocean basins—consists
of separate plates. 4C/M11

e The earth’s plates sit on a dense, hot, somewhat melted layer of the earth. The plates move
very slowly, pressing against one another in some places and pulling apart in other places,
sometimes scraping alongside each other as they do. Mountains form as two continental
plates, or an ocean plate and a continental plate, press together. 4C/M12

e There are worldwide patterns to major geological events (such as earthquakes, volcanic
eruptions, and mountain building) that coincide with plate boundaries. 4C/M13

By the end of the 12th grade, students should know that:

* The formation, weathering, sedimentation, and reformation of rock constitute a continuing
“rock cycle” in which the total amount of material stays the same as its forms change. 4C/H2

* The outward transfer of the earth’s internal heat causes regions of different temperatures
and densities. The action of a gravitational force on regions of different densities causes the
rise and fall of material between the earth’s surface and interior, which is responsible for
the movement of plates. 4C/H3

e Earthquakes often occur along the boundaries between colliding plates, and molten rock
from below creates pressure that is released by volcanic eruptions, helping to build up
mountains. Under the ocean basins, molten rock may well up between separating plates to
create new ocean floor. Volcanic activity along the ocean floor may form undersea mountains,
which can thrust above the ocean’s surface to become islands. 4C/H5

» Scientific evidence indicates that some rock layers are several billion years old. 4C/H6
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