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E he scientifically literate person . .. understands key concepts

and principles of science ... and uses scientific knowledge and

scientific ways of thinking for individual and social purposes.

. American Association for the Advancement of Science
i Science for All Americans



Scientific literacy, so essentiai ih our modern world ¢f inténwvoven scientific and
political actions, can only be achieved by making s¢.ence an integral and
interesting part of the kindergarten through grade 12 curriculum. America's lack
of scientific literacy is clear evidence that we have turned off rather than
switched-on our children’s innate curiosity.

Witr. he 1983 Publicati‘On of A Nation at Risk: The Imperative for
Educational Reform' and Educating Americans for the 21st Century,” scientists,
educators, government officials, and others showed their concern about the
lack of scientific literacy in America. At the same time, cohcerned citizens began
looking at science, mathematics, and technology education in the nation's
schools and were appalled at what they saw. Since 1983, hundreds of articles
and reports have expressed alarm at the lack of scientific literacy in America and
about the quality and quantity of science, mathematics, and technology being
taught in the nation’s elementary and secondary schools.

One of the rnost recent and compelling reports, Science for All Americans,*
provides a comprehensive set of recommendations on how to move the nation
toward scientific literacy. The report opens as follows:

The terms and circumstances of human existence can be
expected to change radically during the next human lifespan.
Science, mathematics, and technology will be at the center of
that change——causing 1it, shaping it, responding to it.
Therefore, they will be essential to the education of today's
children for tomorrow's world.

Concerns about scientific literacy are not new. In the late 19505, following
the launch of the Soviet satellite Sputnik, the U.S. Congress, the National Science
Foundation (NSF), and the scientific and education communities voiced their
concern about the poor quality of science and mathematics education in the
nation’s schools. The American Geological Institute (AGI) and several other
professional organizations and groups of scientists responded by conducting
major, precollege curnculum improvement projects. These projects, funded for
the most part by NSF, produced a large volume of classroom matenals onented
toward student inquiry, conducted teacher institutes, and involved scientists,
mathematicians, and teachers. Great improvement in precollege science
education occurred as a result of these projects. Unfortunately, the efforts of the
1960s and 1970s were not sustained.

Ever-increasir.j success in our space proar2m, outstanding achievements
In scientific research, and tremendous progiess in technology seemed to make
the nation forge: that success and achievement in science and technology
depend heavily on a scientificatly literate society.
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“Forunately for the naton, the message af Science fr All Anieica
niyriad othet teports Ras onge again generated mterest and concem m
Congress; federal, state, and regional funding agencies: thrporations; and
foundations. As a result, cor.siderably moie effort ard maney 1s tow bemg
spent on precollege science education programs. "

In response 10 the growing national concern about precollege stience
education, AGl has developed this guide to assist school adiministrators,
cumculum planners, teachers, and scientists 10 incorporating earth saience n
K-12 science curncula. _,

Eairth Sciehce Ecucation for the 215t Century: A Plannimg Guitde was
prepared primartly for individuals with little ot no background in earth science. It
should, however, be of interest to earth screntists and others who are working
to improve the qualit{ of science education at local and national levels. The
guide 15 divided into four main sections that provide a framewaork for planning
ar.4 implementing earth saience education programs. The sections are

W Goals to guide the development of K-12 earth science cumcula. .

M Concepts that are basic to understanding the Earth and its interacting
systems.

M Recommendations for teaching earth science subject matter in grades
K-12.

Recommendations for implementing new earth science cuincula inthe
schools, .

The goals, concepts, and recommendations were developed by scientists,
science educators, school administiators, and teachers who attended one or
more of six regional conferences conducted by AGI. See the Acknowledgments
for a complete hsting of the organizations, universities, and individuals who
assisted in prepanng this guide.

Matenals developed at each conference were reviewed, organied. and
edited by an advisory board chaired by Robert L. Heller, and by a steenng
commuttee chaired by Fred N. Finley. A teport listing the priontized outcomes of
these conferences, entitied "Open-File Report No. 90-1.7 has heen compiled by
AGL and 1s availlable at a nominat cost.

b The Natoral Comnussion on Excettence mn Education A Notors o Rse The imper i for
Eoucanond Retonn (198 34

JoThe Natonal Scence Boord Comnsion on Procetlege £ dacation e RMaeermadno s Saedce oo
Technotonpy, Edhecaatingg Armencans ov e I Cerian (198 3)

$AMENCN ASSOUHON O The Advancement of Scietce Soseees for b e - e 1959y
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E arth science is the stucy of the planet Earth’s

composition, processes, environments, and history, focusing on

the solid earth and its interactions with air, water, ice, and life,

AGI National Center for Earth Science Education
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Qur children must understand ideas from eearth science and the Ideas edrth
science shares with other scientific discplines. Without that undetstanding, we
cannot hope to iIncrease scientific literacy or to safeguard the Earth, Noth 1 less
than the survival of our chi'dren and our planet 15 at stane oday

With scientific literacy as our general goal and eath science hteracy es our
particular goal. we proffer four nterrelated goals thet are essential to help guide
the earth science education of owr childreh. These godls are presented unde
the headings Stewaidship, Appreciation, Scientific Thought, and Knowledge,
Each goal refers to what students need to know to prepare them for beconngg
responsible parucipants in the social and political dynanucs of the weld.

Stewardship

Students need to become stewards of the Earth.

Stewardship medns making mfonmed decisions about using the Eanth's
resources and mamtairmng a high-quality environiment. Making students aware
of earth science issues, communicating knowledqge about e 1ssues. o id
learning about the Edrth must be employed to solve existing probtems and plan
the future. Dealing with degradation of the Earth's weter, soil. and i o
example, requires knowledge and appreciation of the Earth, By RLVIRTY
Students” awareness and incteasing then abihities 1o respond to environmeent.al
AN 1ESOUICE 15SUES 1 AN INFONMCT Welv, We Can atlain ellecive sStew. wdsbup

Appreciation

Students need to develop a deep aesthetic appreciation of the
history, beauty, simplicity, and complexity of the Earth.

The day to-day hives of students will he ennched if they kiow more 1« 1
the arteas where they hve and travel Developineg an aesthetic dappteciahion ol
the Earth s essential 1o good stewvardshig

Nothing less than
the survival of our
chiidren and our
planet is at stake

today.
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ed to Understand ways in which earth scientists
the Earth.

Students should understand the nature of scientfic thought within earth
science. They should know that the quest 10 understand the Earth is based an
observation; logic; ethics theory; imagination. technological nnovations; and -
the social, political, and econoruic context of the times. Scientists study the Earth
in the freld, in laboratones, in ibranes, from submannes, and from space. Over
the years, their ideas and methods have changed many times and will continue
to change as scientific mvestigation continues. Ther maqumes have enabled us
1o understand better the Earth and the impact of our acons, 10 prechict future
events, and to anticipate and minmize environmental problems. The success of
inquines by earth saientists has enabled tesponsible citizens to become an
ncreasingly signiicant force within out environment.

Knowledge

Students need to understand essential earth science concepts.

The following eight conceplts, developed or enhanced by earth saentists,
are considered profound and hustorncally important:

ihe Earth 1s a unique membet of the Solar System and mday be
replicated in otirer galaxies in the Universe.

# The Earth 1s a complex planet with five mteracting systems

The Earth is at least 4.5 bilhon years old.

B Changes in the Earth's systems occur over penods of nidosecorids 1o
milhons of years.

#© The Earth's systems have evolved thiough tme.
W Repeated mteractions and transitions occur the Earth's systems
& Scales n the Earth's systems vary from subatonic 1o astial wonuical

8 The Eaith's systems contain a vanety of renewable and non-renewable
jesources that sustam hife

While learing these essential concepts, students shoutd come to
understand the Edith’s past, present, and probable future: Stude it should be
able to apply this understanding 1o accomphsh the following
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B Describe the objects and events that concern earth scientists.
B Provide reasoned, scientiic explanations of those objects and events.
B Make justified predictions about future events.

W Make informed decisions about personal, day-to-day actions related to
earth science,

B Make social, political, and economic jJudgments and decisions based
on informaton from earth science.

¥l Express positive attitudes about science and the natural world.




Earth science ...
serves as an
excellent vehicle
for ... utilizing the
theories and

methods of ...

chemistry,

physics, and

biology.

Eanth science has revolutionized the way we think about ourselves and our
planet. Earth science also serves as an excelient vehicle for understanding and
utihzing the theones and methods of other sciences—chemstry, physics, and
biology. Chermistry 1s essential to understanding the ways the Earth was
formed. Ideas from physics have been used to study the Earth’s intenior. Bioloygy
is vital for learming about the evolution of our atmosphere and the diversity of
hfe that inhabuts the planet.

Stephen Jay Gould, a prominent earth scientist, has labeled earth science
an historical science because of 1ts unique perspective on processes that
operate for great penods of tme. By careful observations, earth scientists can
interpret how the Earth and other planets have evolved. Those observatons dare
based on diverse scientific methods-—qualtative and quantitative, field based
and laboratory based. Data are collected while hiking in the held using maps,
compasses, portable computers, seismographs, magnetometers, and gravity
melers; from deep dnlling to collect samples below the surface of the Earth and
below the floor of the ocean; from the oceans using research vessels and
submarmes; from aircraft equipped with aenal cameras and other remote-
sensing devices; and from orbiting satellites using A vanety of remote-sensing
instruments and other sophisticated equipment. The data are analyzed and
represented using simple drawings, maps. charts, and tables. physical models;
complex mathemaiical models; and computer-generated graphics. The full
range of our technologjical abilities, simple and complex, old and new, are used
by earth saientists i mvestigating the Earth. The following secuons provide an
overview of what students should know about earth science '

Earth in Space

The Earth is a unique member of the Solar System and may be
replicated in other galaxies in the Universe.

The Earth, wiath its complex systems, and its Moorr-—along with the othet
planets {and ther moons), asteroids, comets. and dust - taveiin d well defimed
orbit aound the Sun These bodies make up the Sokar Systen The Barth's
relative POSION and moton within the Solar Systen greath infiuence the
interaction of Earthy's systems. This Solar System, however, s only a simall part of
the Uriverse in wihick e resides The Sun s one of perhaps 300 billion stars that
constitute the Mitky Way qelaxy i which the Solar System s located: The Mitky

r
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Way is only one of the more than one billion galactic clusters in the known

Universe, each of which contains about 100 galaxies.

Stunning successes In space exploration came during the wecond half of
the 20th century. Neil Armstrong’s walk on the Moon; spacecraft flybys of
Venus, Mercury, Jupiter, Satum, Neptune, Uranus, and ther moons; orbiters
around the Moon, Mars, and Venus, and the landers on Mars and Venus
provided an expanded perspective of the Solar System. These voyages,
especially those that returned pictures to Earth, illuminated the fragility of out
environment and, through comparative planetology, have told us much about
our own origin and evolution. The Earth 1s unique in the Solar System, but the
other planets and satellites represent stages that Earth has passed, could pass,
or will pass through. Thus, these “snapshots™ are useful for further unravelng
Earth’s hustory. Earth’s Moon 1s a partial window into the fust 1.5 bilhon years of
Earth’s history. Mars has earthlike channel patterns and volcanoes. Venus has
volcanoes and may have undergone tectonic activity. Titan's atmosphere may
be analogous to that of early Earth. Further afield, the study of star formation
and evolution helps us understand the chemustry of Earth's rocks, air, water, and
hfe. Other stars, ke our Sun, may have eaithlike planets. The challenge i1s to
continue to explore and learn about the Earth in space.

Earth Systems

The Earth is a complex planet with five interacting systems.

The Earth 1s unique among the planets of the Solar System. It has five interacting
systems, which consist of the solid earth {lithosphere). air {atmosphere), water
(hydrosphere), ice [cryosphere). and life {biosphere). All these systems are
dynamic, though their rates of change vary dramatcally.

Solid Earth—Lithosphere

The hithosphere 1s the solid earth. the portion of the Earth that includes the
surface and the resources that sustain and develop hfe and aviization. The
Earth's surface consists of continents and ocean bestns. which dare composed of
numerous plates that are dnven by forces deep within the Earth. The plates,
which are in constant, slow motion, sepdrate and collide, causing mountains
and deep ocean trenches to forim and volcanoes ond earthquakes 1o occur. At
the same time, the continents dre being eroded, and the sediments and Orgarig
contents are tiansported to the ocedans by wind, water. 1ce, and gravity
'nternal forces also modify the Earth's surface. The concept of plate
tectonics, ongmally based simply on the it of conunentat margins, wes fater
supported by geophysical studies of Earth's properbies. Studies of the Earth's
magnetism provided some of the best evidence for plate tectorics and showed
how magnetic properties could be used to measure plate movement. By
studying the thermat properties of the Earth and measunng how sesnic waves,
dgenerated by carthquakes, are transmutted through the Earth, geophysiasts
have also uncovered evidence that the Earth's intenot is o dynanmc. mowviry
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«the Earth’s
interioris a
dynamic, moving
environment that
has caused
mountains to rise,
basins to sink, and

entire landmasses

to move ....

environment that has caused mountams to nse, basins to sink, and entire
landmasses tQ move, continudlly rearanging the surlace pattern of contnents
and the canfiguration of oceans.

Surface and internal processes nteracting with the sohd earth and other
Earth systems produce and distnbute resources.

Air—Atmosphere

The atmosphere 1s the gaseous envelope surrounding the Earth. 1t s
continuously In motion, circulating n complex but regular patterns and dnven
by direct and stored solar energy. The strong nteractions between the
atmosphere and the hydiosphete determine weather and cimate and
profoundly influence our daily hves.

Atmospheric scientists study the Earth's gaseous sphere in an attempt 1o
understand the atmosphere’s ongin and evolution. They also monitor and
predict daily and longer-term weather and chmatc changes, solar activity,
stratospheric wind shifts, and changes in the atmosphete. In the nud-20th
century, the fiust computenzed forecasting began, and the first weather
satelites were launched. About the same tme, measurements of carbon
choxide and chemical Indicators or aimaosphenc tempetature vanations in
Antarctic «ce cores revealed significant global changes during the past 160,000
years, Advances in computer technology allowed scientists to creadte models of
atmospherc circulation called global circulation models.

Mote recent tesearch has focused on smaller-scale phenomena. Much of
what determines the details of the weather depends on phenomena such as
sea breezes, thunderstorms. tomadoes, wind shear, and squall ines. These
phenomena are now better understood because of new computational
techriques and new observational systems, such as Doppler radat, acoustic
sounders, microwave profilers, and Doppler laser probes.

Recent research has also focused on understanding global changes
Earth’s chimate caused by ncreasing amounts of carbon dioxide and other
greenhouse gases such as methane. Depletion i the thickness of the osone
layer 1 the upper atmosphere has been linked ta release of such gases ds
chlorofluorocarbons nto the atmosphere. Understanding the effect of these
Jand other possibly toxIc gases 15 also important Because global change
mvolves the oceans, land sutfaces, and ce, atmosphenc saentists work with
other earth scientists to understand the mterhinked processes that change the
Earth.

Water—Hydrosphere

The hydiasphere consists of water on and beneath the Earth's surface It the
dommant featuie of the Earth's dynanuc surface and mteracts with all other
Earth systems. It s a major agent i changig the shape of the sutface. s
essential to supporting e and is a major detetmmmant of the Earth’s cimate and
wedather.

Almost 73 nercent of the Earth's surface 1s covered by the continuous body
of salt water that surtcunds the continents and blis the Earth's great sutface
deptessions This drea 15 the realm of oceanodgraphers and other menne
scientists, who study the physical, chemical, brolodgical, and geological aspedds
of the world’s oceans and ocean foors

As knowledge of the oceans has ncreased and technology has advanced,
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- oceanography changed from an observational science to an expenirmental

science. This change resulted in several large multichsciphnary, multinational
programs to investigate specific problems. Today, oceanographers study the
ocean Hoor its formation and structure), seawater (its crculation and
chemistry), and the organisms that inhatit the seas. They also investigate
human impact on the ocedn and Its resources and the ocean’s influence on
global cimatc change. Ships and submersibles specifically destgned for
scientific research, and remote-sensing technigues, such as satelines, side-scan
sonar, and temotely operated vehicles, are impottant tools of oceanographers.

Earth scienusts also study fiesh water. Surface water and ground water
provide essentially all of the wotld's water-supply needs. Ground water is the
largest readily available supply of fresh water and is especially important in
those reqions whete preapitation and surface water-—su.ch as nvers ancd
lakes—are rare. As the world’s population increases cean fresh water mdy
become the most important commaodiity for the survtval of the human racel
Ground-water spectahsls focus on the quahty and quantity of ground watet, on
the mavement of underground water, ind on depletion tates. Questions of
grotund-water quantity and quality—related to natutal and man-made
pollution—ate ncreasingly important.

lce—Cryosphere

The Earth's cryosphere is frozen water in the form of snow, permanently frozen
ground {permafrost], floating ce, and (lacers. The presence or absence of
glacier ice 15 a funchion of global chimate. Fluctuatians in the volume of glacal
1ce bring about changes in sea level,

Scientists who study vanous componenis of the cryosphiere are called
glaciologists. They study seasondl changes in glacier area and volume in the
Arctic and Antarctic by analyzing images from airciaft .nd satellite sensors and
by making field observations from ships and submannes. Glacial geolodists also
study deposits and Iandforms left by past and present glaciers.

Life—Biosphere

The biosphere, which has existed for at least 3 6 billion years, s that part of the
Earth where hving organisms are found. It includes parts of the hithosphere,
hydrosphere. and atmosphere. The brosphere profoundly iflueaces the
composition of the atmosphere and interacts with the other sysiems of the
Earth.

From prmitive singte-cetled to sophisticated multicelled organisms, hife
has evolved to il virtually alt of the ecologieal tiches on Earth. The geolodic
record 1s replete with the fossiized remains Of past organisms, sach as robites
and dinosaurs, wiich reached an evolutionary dead end Humean activities,
such as deforestaton, are contnbuting to an acceleration of the pace of
naturally occurnng extinctions ol flora and fauna Thes reduction n trodiversity
of certam ecologeal niches, such as topteal ram forests, may have unsuspected
CONSEAUENCEs

Interaction of Earth’s Systems

The Earth's systems influence cach other i mmpottant ways. The compiex
interaction of these systemes s exempliiecd by how chandes i the Earth's o,
penods ol mtense volcaric activity, and cimate affect glaaier vanation aned

K 15
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Geologic time is
the time frame
within which
planets form,
continents move,
ciimates change ...

organisms evoive ....

fluctuations In sea level. In this case, the interactions are between the Earth-Sun
system, the ithosphere, the atmosphete, the cryosphere, and the hydrosphere,

The Milankovitch theory, w ich concerns natural (astronomical) changes
in the Earth's orbital elements, may explam changes fiom cooler to waimetr
chrmates and vice versa. Also, volcanic activity may cause short-term
perturbations in chmate. For example, when volcaric dust in the atmosphere
blocks incoming solar radiation, global cooling may occur. A pronounced
cooling nterval can lead to a rapid expansion in the global volume of glacier
1ce, espectally n the Northern Hemisphere. The volume of glacer ice on Earth
today, if completely melted, would raise sea level by about 100 metels.
Conversely, dunng the peak of an ice age: the volume of glacier ice on our
planet about doubled, resulting in a substantial drop in sea level, perhaps as
much as 125 meters. If the planet has begun a gradual natural cooling towerd
another glacial epoch, as some scientists believe, human dactivity (especidlly
through generating excess carbon dioxide, methane, and other greenhouse
gases) may mask ot even overnide this natural process. Conversely, if climatic
warming increases, as many scientists predict, melung of glacier ice may
accelerate, and sed levels will rise. A significant nse in sea level wbuld cause
severe damage (o mast of the world's coastal and estuanne areas, home to
more than half of the Earth’s population. Glactal epochs, unlike (e - -nhouse
warming, which is likely to become significant over the next sevesal decades,
develop over tens of thousands of years.

Geologic Time
The Earth is at least 4.5 billion years old.

Few concepts in science are more difficult or itmportant o apprecidte and
understand than geologic time, which s vastly longer than ime as we usually
perceive it. Geolodic ime 1s the tme frame within which planets form.
contnents move, chimates change, seds flood, continents recede, organisins
evolve, and mountaims develop.

Sedimentary 1ocks found 1 sea chiffs on the coast of Scotland i the late
17005 revolutionized scholars’” perception of tme and demaonstrated the great
dispanty between nistoric ume and geologie tme Sedimentan, tocks. formed
by the naturdl cementation or compaction of chenucal precpitates, dav, sand.
or gravel. occur m lavered sequences. Most layers are depostted essentially
honzontally, and onhy after compaction and cementaton can they be tlted, as
anantegral mass, to any significant degree. Also.m any undisturbed sequence
of sedumentary lavers, the bottom layer must have been deposited first. and s
thus the oldest. In Scotland, exposures studied Ey early geologists show that the
neatly honsontal sequence of sedimentany tocks that lay beneath the 1oc
landscape rested on the erade d edges of what had 1o be a vasthy oldet
sequence of sedimentan 10cks wWhose Otaginal honzontaliay enng s DOV Deathy
verhcal 1t obwvious that an eathier suceession of sediments must have been
deposited, cemented, tited, and etoded . The Earthy's huston held o previoushy
unexpected nchness
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f_hahgés in the Earth's systems occur over periods of microseconds
- ‘to milllons >f years.

Changes-in the Earth's component spheres are caused by natural processes
and, in recent imes, human activities, Scome changes are obvious, such as large
earthquakes caused by movement along faults i the Earth’s crust, bunal of a
town by volcanic ash or lava or both, ot floods. Other changes are more subtle,
such as the slow creep of rocks on either side of a fault, slow movement of a
glacier, or the dnft of sand-sized particles along ocean shores.

Changes dunng parts of the Earth’s geologic past took place n
environments very different from those of today. Some of those environments
required extiemely lony penods of tme {mullions of years) 1o develop. The
record of those changes 1s preserved, 1o a lesser or greater degree, in terrestnal
and manne sediments, N sedimentary and other types of rocks, in glacier ice,
and in ee 1ngs. Changes that have been decipheted from the geologic record
include evidenice of the Earth being struck by large asteroids, evidence of hfe
forms that no londer exist or subssequently evolved INto new forms, rovements
in the relative positions of the contments, past peniods of extreme volcanic
actvity, and the repeated waxing and waning of great 1ce sheets i North
Amenca and Eurasia.

James Hutton, one of the prncipal foundets of geology as a science, once
stated a classic precept in geolody: the present is o key to the pest. Active
processes that cause changes today can be used to decipher evidence of the
past, found in the rock record. It s also true that the past s a partial kev o the
future. What we know about pest changes allows us to predict what changes
may occur, precictions that are especially important as we: stnve to understand
and dedl with the impact of humans on the Earth.

The processes of change i geologic time are often so slow that they may
not be perceved within a ifetirme. At other times, they are swift and destiue tive
There 1s a dramatic contrast between the nearty imperceptible uphft and eroston
of mountains and the immediate mpact of hutncanes, tomadoes, carthquakes,
volcanic eruptions, and floods. Qur perceptons of rates of chandge dre crucial
because they affect the way we choose to deal with mar W ISSUOS {ACg SOty
Important arcas of earth science rescarch now focus on predicting events thet
happen at both the SIowest 1ates--such as Cimatic Changes - and at the maost
tapid rates—such as earthquakes And v, 2anoes. We must 4ssess present and
future events on time scales ranagmeg from seconds to milenia

Evolution

The Earth’s systems have evolved through time.

Life, the Earth, and the Universe Bave evolved over the vast CXPANSe Of Geolog
tme nto what we know today. The concept of evolution stanted o tevolution in
saence. One excting task in the early 1800s was the anemplio antavel Earth's
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All citizens need
to understand the
limit and
vuinerability of
the Earth’s

resources.

history and 1o understand its evidence as preserved In the rocks. Fossils were
essential In this process. By the nid-1800s, generahized historical penods of
Earth's history had been define.1 based c-1 fossils. The oldest communuties of
organisms contained mostly hife forms unknown among living communities.
Successively younger communities gradually approached the composition of
modern communities.

Charles Darwin accumulated massive documentation supporting a theory
of gradual change of the biosphere, caused by natural selective forces acting
through the newly discovered vastness of geologic time. His observations also
led him to 1mply that the human species was a part of this lengthy ongoing
process. '

The Earth’s hydrosphere has also evolved dunng the course oi geologic
ume. Volcanoes add small amounts of “new" or juvenile water dunng
eruptions. The oceans are the largest resernvolr of water on Earth, about 97
percent of the total. Another two percent is watcr n s frozen state, the
cryosphere. Surface water, ground water, and atmosphernc vapor {about one
percent of the water on Earth), are the water sources that support hife. The
hydrologic cycle governs the movement of water over, on, or under the Earth.

Planetary evolution has become a major theme in understanding Earth’s
history. The ongin and evolution of our Solar System was one of the first topics
to be examined during the early development of western science. The French
philosopher Pierre Laplace proposed In 1796 that the Sun was surrounded by a
large rotating disk of gas from which the planets and therr moons formed. It
was his theory that was eventually accepted as the standard agamnst which
others could be compared. Our increasing knowledge about intersteliar clouds
and star formation has given further credence to the theory. though many
details remain to be estabhshed firmly.

Cycles

Repeated interactions and transitions occur in the Earth'’s systems.

Cycles of change affect ail Earth matetials—-solids, hquids, and gases-—and
incotporate ail the processes that affect Earth matenals. Cycles of great
magnitude and importance are given spectal names and depicted in specally
constructed diagrams {e.q.. hydrologrc cycle., rock cycle. plate tectonic cvcle,
cathon cycle, trophic cycle). Other cycles are also 1mportant to carth saentists
Examples include geochemical cycles that descnbe the movements of elements
within the Earth, the annual weather cycle, and tidal cycdes.

Scales

Scales in the Earth’s systems vary from subatomic to astronomical.

Changes in the Earth’s environment are measured on many scales Some:
changes are so small and others so great ds to be nearly mcomprehensible.
Scale 18 important in every science. The scales of size and tme nvolved i Earth
PIOcesses and phenomenda are, however, even moie vaned than those usudlly
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. encountered in the othet sciences. Volume and distance scales—used m

studying Earth processes, Earth matenials, and the Earth's place m space-—
range from those that describe the atonuc structure of matter 1o those that
describe the size and location of distant galaxies. The scales used to measure
ume and rates of change range from those that medsure mfinitesimal frachions
of seconds (o those that measure ilhons of years.

Comprehending the tmes, distances, and rates of change involved in
Earth's processes s diffrcult, but it provides an exceptional chellenge to students
o expand ther intellectual and conceptual honzons.

Resources

The Earth's systems contain a variety of renewable and non-
renewable resources that sustain life.

Renewable and non-renewable tesources are those gaseous, iquid, and solied
earth matenals that support Ife. All must be managed wisely. Non-renewable
resources, such as soils, mnerals, and fossil fuels, are not rtegenerated on a
human time scale and are thus vuinerable 1o both overuse and nususe.
Renewable resources, such as air, water, and plants, are recvcled through the
Earth’s environment, but are changed by human activity, changes that aie often
deletenous, causimg the resource 1o become unusable o unsdafe. In extreme
cases, seemingly unhmited renewable resources. such as water, can be made
hmited by pollubion and overuse. All citizens need to understand the imut and
vulnerdtnlity of the Earth's resources,

N2

ERIC

Aruitoxt provided by Eic:




.« NEW curricula
must reduce the
number of toplcs
..« SO that students
can develop a
greater
understanding of a
smaller number of

topics.

Teaching Earth Science

The teaching of carth scence requires new curnculum objectives, new
mformation on how students learn, new teaching strategies, and new
procedures for assessing changes n student knowledge and understanding.

Three problems have hampered past and present uthcula. Fust, eath
science curncula have usually Just exposed students 1o a brodd range of topics
from astronomy, geology. meteorology, and ocedanogtaphy. Students have
seldom been asked to develop an understanding of any one topic that would
be complete enough to be meaningful and uscful in their daily hves. This
approach has resulted m attempts to teach far too much in far too httle ume.

Second, earth science curncula, developed before and after the reform era
of the 1960s, were intended for a hmited audience, pnmanly erghth and ninth
grade students. Little, if any, earth science has been tdught in clementary
schools or serior high schools, and hatdly any considerdtion has heen given 1o
developing the potental of women and minonues As d 1esult, many students
have never developed an enthusiasm for earth science. Thus resultis particuldrly
unfortunate at a ime when understanding the Earth’s systems 1s so exating
and essential to creating a sense of ifelong stewardshup for the Earth

Third, most teaching methods have been based on the imphcit
assumplion that students learm new ideas by listering (o lectures. reading
selections from a textbook, and completing worksheets and an occasional
laboratory exercise. We now know that students may not develop the ability 1o
descnbe and explain natural phenomena o develop the ability to meke
informed persondl and pohitical deaisions in tis way. Instedd. students must be
mteliectually involved in activities thdt by design requne them to construct ther
own understanding of the Earth’s systems They must also face the
misconceptions they brung nto the dasstoom, and expenence the satistaction
of being able 1o use ther new ideas friatfully and ndependenth: Fundamentat
changes in the pnnaples that deect the development of new earth saence
curncula are essential In aukdiion to bemg guided Hy the goats forearth saence
education presented earher, new curnculd must teduce e numbier of topics
covered in classes SO that students can develop agreater undenstanding ol a
sinlier number of topres The carnicula miust engage gl students at i grade
levels, especaily women, minornties. and those who are handicapped: The
curncula Must abso provde for the extensive expenence and ime necessan for
students 10 develop their knowtedage of the Earth’s systeores and apph ther
knowledage waith conlidenee

Curriculum Objectives

Mecting the oals oF carthy SOence edue GUon tegerres fHaseing anits of
mstruchon for elementan seheors, junior high ancd nnddie scRoore d serior
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- high schools. In planning these units, specilic objectives are necessary. New
- earth science curncula should enable students to achieve the following:

W Develop emprrical descniptions of the Earth's systems, the nteractions
of those systems, and their evotution. For example, students should be
able to descnbe the major geologic features of the Earth's suntace.

B Develop exptandations of the Earth's systems, therr evolution and
mteractions, and the basic reasoning that supports the explanations
For exampile, students should be able to explain, the co-evolution of the
Earth’s atmosphere and hfe forms

B Make justiied predictions about future events. For example, students
should be able to predict basic tocat weather pattemns and justify then
preciction in tenms of meteorotogical data and pnnciples.

B Make mformed decisions about personal, day-to-day dctions related to
the Earthy's systems. For example, students should be able to decide
how Lo imit ther use of matenals that are not recyclable

| Make informed soctal, pohtical and economic decsions regarding
1ssues related 1o Earth's systems. For example, students should be abie
to deade 1o support tocal, regional, and national efforts 1o improve
water quahity

8 Appreaate the tustory, beauty, sumphicity, and complexity of Edarlth's
systems For exampie, students should he able to enjoy observing the
nmight sky thiough the “eyes™ of science and explam hesr observations
to fanuly and fnends .

~To meet these objectives, students will need Lo eam both content and
rmethods from earth saence The content must be m the fonn of coherent ideas
O concepts, not solated waords, phirases. and statements that are sumply
memornzed The content should be imited o essentials, bhut should be of
sufficient depth to be understandabie at any pariculan ievel Vanous methods of
mguiry that earth scieniists use 1o study te Earth and ds systemis must he
selected carefully and should represent the full range of methods, which
nclude the histoncal and expenmental, the technologicaily sanpile and
complex. the quabtative and quantitotive and laboraton and heid methods
These methods should be taught atondg with the appropnate content and not
fearned as sofated 7skifls

How Students Learn

Curncutum design depends not ondy on establisbing objectnes bal iso on
o)
urderstandmag ahat students know anid can do We need toasses students”
poct knowledage of eanthy science phenomena, then acadene skalis, and ahat
Wil tobivate them to deam
D
.,
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Children bring to the classroom their own ideas about natural
phenomena. Some of these ideas may be conect and more of less complele,
but many others will be incorrect. For example, many students come 10 Class
believing that mountains were formed over a few years. “long ago. 45 many as
a milion years.” Students do not eastly give up these misconceptions. When
they are told new ideas, they eithet select a few ideas that it thew existing view
or misinterpret the new nformation to make it fit thew existing misconcepions.
The most substanual changes in students’ knowledge seem to occur when
students face therr nusconceptions and are then provided dlternative
explanations to develop new ideas.

In additon to understanding students’ prior earth science knowledge, we
must also understand their basic academuc skills in reasoning, reading, wiiting,
and mathematcs. If certain skills are identified as missing or mcomplete, they
can he taught in the context of teaching about the Earth's systems For example,
students can be taught to explain some basic ideas in chermstry i an activity
about ground-water contamination, to construct and nterpret graphs of
changes i barometric pressure over ime, and 10 use mathematics to cdiculate
travel imes to nedr and distant plancts Students are more hkely to understand
the Earth's systems when they have the academic skills to read approphate lexl
matenals and to interpiet data in graphs and tables Furthermore, students’
acadernic skills are hkely to improve when these skills are taught in the contexl
of learning specific earth science opics.

Finally. 1t 1s impornant to know what motivates students 1o be involved in
learning. The most basic motivation may lie in the opportunity 10 gain
confidence 1n their ability to understand the world in wiich they hive. When
students learn to explain volcanic eruptions ot predict the appatent shape of the
Moon a week in advance, thewr self-concept and sense of competence can he
enhanced. With this enhancement comes the destie to learn more. in addition,
carth science offers great opportunities to captuie students mitial mterest They
can become engaqed in teaming about local and glahal environmental
problems, such as acid rain and the greenhouse effect. thiough many
spectacular and unusual phenomena that a1ouse ther cutiosity, such as
earthquakes. tornadoes, and the northern hights.

Teaching Strategies

Substantal advances have been made i understanding the nature of effecive
mstructon One of the basic prenuses of & modermn nstructional strategy s that
students need to be provided a few essentialideas at a ume and thenwork with
those ideds extensively Also, instruction s likely 1o be farmorte successful when
the assigned activiies are designed 1o build upon the students” conect ideas,
offer challenges to thew misconceptions, and provide new ideas that they can
apply successfully o new situations: Under these arcumstances, students can
tearm wihich of ther muttal ideas are conect, which ideas they need to abandon,
and ultimately, which combmation of correctideas provides thoem with amore
powerful understanding of the phenomend they are studving This instructionel
SUAOCYY 1eQUITeS MOIe Ume per Lopic

The mstruction outhned above requires cassroont mteractions that are
different from what is typrcal The pnmary change s the development of a
cooperatve atmosphiere n wiich students” ideas are used i developing and
conducting the mstrucion FOrmstuction to be successful teachers must view
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teaching as communication. They need to be cognizant of how thert stucdents
are thinkng about a problem from the heginning of nstiucton through the
end, and then help students refine ther thinking.

This type of instruction requires more frequent and more in-gepth
discussions among students and between the teacher and students The
discussions should be focused on the tesults and imphications of the
mstructional actvites—cooperativety procducing Well-1easoned answers 1o
questions and solutions o probiens,

Even dunng direct nstruction, when the teacher 1 prosentig new ideas to
the students [by lecture, reading assignments, ilms, e1¢ ), classioom ieracions
need to be cooperative. That is, the teacher needs 1o hear fram the students
what s, and 1s not, bemg understood. Then the teacher can provide necessany
clanhcations These interactions dunng direct mstruction will mtoduce new
ideas and make them understood well enough for a retutn 1o 3 student-
centered activity that requires therr apphication,

One actdhional feature of classtoom mteraction 1s mpoant. As students
orogress ta the pomt where they can begin to apply then new knowledge
ndependently, fess direct nstruction and coaching should be needed and
proaded. At this ponnt, the teacher needs o allow the students 1o ¢gam
confidence i ther own abiities. The students need 1o see for themselves that
they can apply then new ideas. Their success needs to he confiemed diectly by
the results of ther work m insttuctional activities and by the teacher

Assessment

Developmg adequate assessment of changes i students” know fedyge iscntica
to earth science educaton The best ponciple of effective assessiment 1s that the
methods be authentie, re ., consistent with the goats and objectives desenbed
earier. Applymng this prnciple means mote than SAVIN that tests must be
related 1o the knowledge that the students were taught Students miust be
asked to daontests what they are asked to team and do in class For example
the objective of the mstruction s theat students leam to debate ssues refated 1o
domestic ol consumption, then they need to be asked 1o Argue ther posiion as
part of the examination process If the objective 1s that they: learn 1o inierpeet
weather data then the exanunation must present data 1o be nterpreted

Today, even when we daim we want students 1o iean 1o describe,
explain, and predict, ey are all loo often asked on 2ests 1o ik in a biank o
sentence. match a word with a defirntion, 1abel diagrams. or choose o cone
answer from one of four or five altermatives: These tvpes of Tests usuatly can be
mastered by students who have learmed by rote unconnected Lo s, defamions
and prnaples These types of tests provide fitte msight e Jording how well
mtegrated and tuly functional a student’s knowledge nughit be

New methods of assessment that reqguire students 1o present descnplions
explanations, predictions, decrsions, problem solutions, and thet easons or
Justihications for their work must be developed  Essdy wiilingg, solving simulated
A whenever possible. real scentiic problems, solving aboratony-based
problems nterpreling reat data, developmg predcions hased on pattems ot
change, and witing desciptions and explanations should be mciuded o ol
new testinstuments: These methods, i conpunction With improvements using
more typical technigues. would provide teachers with greates snsight into then
students” performance

Aruitoxt provided by Eic:
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Implementing new earth science curncula will requie substantial changes i
the existing educational system. Earth scientists, science educatars, teachers,
and patents must all contnibute 1o a sustamed and coordated effort.

Earth scientists must contnbute then knowledge of the content and
methods of their disciplines, their judgments of what people must know to be
scientifically iterate, and ther political influence on educational policy. Science
educators and teachers must contnbute their knowledge of research i
learning, motivation, classroom environments, teaching methods. principles of
curnculum design, and the politics of education. Parents must articulate the
aspuations for their children.

Four essential tasks must be accomphshed if the earth science disaplines
are to contnibute significantly to the saientific iteracy of our citizens:

M Develop new earth science curnicula, instructionel matenals, and other
teactung resource matenals.

® Plan and implement political and parental support programs f0i
changing educational policies

B Plan and implement new, approphate preservice and in-service teache
education programs.

B Form educational partnerships between organizations ol geosaentists,
business and dJoveinment agencies, and educational mstitutions

Developing Materials

The most cntical task s 1o develop new K-12 earth saence curnicula,
mstiuc tionadl matenals, and other teachimg resource matetals What s now
available s somewhat imited and saentiically and educatonally outdated In
addition, recent improvements i educational technolody have rarely been
applied to carth scence education

The main purpose of tis guide 15 1O provide a contempotdn foundation
for that development SChools need new matenals and resoutces that dare
scientifically current and that utiize the most recent educatonal technologies
Altemative curncula and mstructtonal matenals will also be needed for different
uHan, ratal, o subutban tocaliies, and geographid reqgions Teachers will need
vaned curticula and mstructonal matenals so they can select the approach that
15 best suited to ther students and schools

.
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This development task will take substantial resources and sustained,
coordinated efforts that involve scientists, science educators, science teachers,
and specialists in educational technology. Necessary matenals include the
following:

B New and different textbooks

B Activities workbooks

M Sourcebooks of basic edrth science content for K-12 teachers

B Manuals for field activities

B Case studies of resource and environmental 1ssues and natural hazards
M Sets of actual earth science problems to be solved by students

@ Children’s books that “tell the story” of the Earth’s systems

B Real-ime and archived earth science databases

®| Audio-visual matenials, from simple maps and models to sophisticated
video and compdct chiscs

M Compuier simulations

Developing Support

As new curncula become available, public awdreness of the importance of
earth science must also be developed. This effort to inform the pubhc and at the
same time develop a broqd base of support will require working with the media
and making personadl contdcts with decision makers. Many groups need to he
mcluded: parents and teachers; state education officials, school district
adrninistrators, bodrds of educaton, and teacher-parent OrgeantZatons,
personnel in federal, state, and private agencies that set policy and determine
funding prionties; federal, state, and local poliicians, busimess and community
leaders. and the general pubhc.

Once sufficient political support has been develeped, those atizens who
have hecome concermed with earth saience education need to work 1o change
local educational pohaies. This effort to change pohaes is impaortant because
many curnculdar nnovatons have failed at the local level when the mnovations
were not consistent with the politics and resources of schools. Proposed
mnnovatons will require changes 1 the curtent educational phalosopty of
elementary and secondary schools regarcing what knowledge and skills
should be taught at vanous grade levels, how much tme should be allocated to
mstruction in each sutyect or skill area; and how different curmecular areas should
be ntegrated. In additon. admumistrators will need to promote the mnovations,
d"ov:d(_’ SUpPOrt that will assist teachers as they learm to teach new subjects
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using new methods, and assist them in secunirg and maintaining the necessary
equipment and matenais. Finally, additional financial support of substartiai
reallocations of existing resources will be essential.

Preservice Teacher Education

New earth science curricula should be supported by changes in the preservice
eduration of teachers. At present, too marny people teaching earth science In
elementary and secondary schools have minimal or no preparation.

Certification standards should be revised for both elementary and
secondary school teachers. Elernentary school teachers are seldom required to
complete even one earth science course. Earth science topics, however, e
included i most elementary school curncuid. The minimum state requirements
for certification for teaching secondary school earth science courses aiso need
to be improved. The depth and breadth of required earth science course work
should be Increased:; loopholes that allow underprepared teachers to teach
earth science should be closed.

Changes in certification requirements should be accompanied by changes
in college and university programs. New éarth science courses, taught by
faculty from geoscience departments, are needed for future elementary
teachers. The content of the new courses needs to be related to the topics that
future teachers will be asked to teach. Today, much of what preservice teachers
learn is irrelevant to classroom practice. Also, the content should be presented in
sufficient depth so that preservice teachers develop knowledge that is sufficient
to critique, modify, and ennch the topics they will teach. The requirement that
the topics be taught in some depth means that we may only be able to teach a
few important topics well.

New earth science courses will also be needed for prospective secondary
school teachers. In these courses. the relationships between earth science and
social, political, economic, and environmentat issues need to be emphasized.
Recent developments in emerging fields of study. like planetary geology, and in
obtaining and processing data from remote-sensing devices need o be
mncluded tn such courses.

There are important commonalities between secondary and elementary
teacher education. Teachers usually teach science the way they were taught.
Therefore, college and university science courses should be taugnt in ways that
model the Instructional techmques that teachers should use with their students.
Preservice teaching experiences in the precollege classroom should be guided
by master teachers who model the teaching methods used by faculty on the
college and university campuses where the preservice teachers are educated.
Finally, once new teachers dare employed. they need continuing educdtion and
SUpPPOIt 1N Ways that are consistent with the principles they learned in the
colleges and umversities.

In-service Teacher Education

In-service traning for expenenced teachers is essential to eridist then support to
implement new curncula and to help them ntroduce new teachers to earth
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science education. In addition to programs conducted by colleges and

universities, programs that capitahize on informal educational opportunities will
be needed. In-service programs should

&8 Provide teachers with expenence in modifymy then instructional
streateges.

# Help teachers formulate a personal rationale regarding why all
students should be ierate 1 the saences in general and m earth
science in particular.

B Help teachers understand why classioom study. held study, and
informal learming are all impontant.

Provide teachers with the background, tran nng, and expenences to
make them aware of the interaction between earth science and society,
and to develop an aesthetic appreciation of the Earth

B Piovide teachers with the theoretical and practical apphcation of
accepted learmnmg theories and a vanety of stategies for teaching
students from diverse socioeconomic backgrounds.

| Help teachers use new educational tec hnologies and the many
information sources available.

2 Provide teachers the opportunities to study canth science mn depth and
1o expenence the nature of saience through exposure to cuthing-eclge
research das intems in a research environment.

Partnerships

A broad specttum of partnerships will be needed to nmmplement the
recommendations in this report. 1t s cructal that the schools to be supported
and advised are integral and mdispensable: partners with professional ang
business organizations and govemment agencies.

State-wide and national parterships are important, but local o regional
partnerships are essential. Such PANeships are Necessary 1o establish a sense
of community rdentity. an awareness of the natural 1esource and CConomic
base that makes each commurnity unique. and thedentihication of community -
based environmental 1ssues and concems

The cntical step in this process 1s bunging together representatives of
higher education, school districts, local mdustry, govermnment adencies. o
other mdividuals to identity and agree on ssues important to the conumurnty:
Once consensus 1s obtamed, plans for changes i school curmicula zan be
formulatea. and the parmers can dentify community 1esources that can be
used to mmplement these cChanges in the schools
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Teachers and

students could

monitor events in

the world around

them via telecom-

munication links

to scientists and to

earth science

databases.

Many types of implementation are possible. The following are a few
examples:

o Creating “visiting scientist” programs in which
professionals from the community present guest lectures, assist
teachers with laboratory or classroom activiies, Serve as advisors for
students and teachers, and invite students and teachers to visit ther
organizations. Many earth science government agencies, companies,
museums, and professional societies could serve as resources for
cooperation. Retired earth sCie. ists are an important group of
individuals whose experience, knowledge, and time make them
especially valuable.

Developing new educational matenals cooperatively. Teachers,
working with local industry, consulting firms, government agencies,
and universities, can put together packets of local data and information
for classroom use in studying actual earth science problems. These
partnerships could be most effective if several school districts
cooperate.

. Developing ways that link classrooms {telecommunication networks)
t0 the numerous computerized databases in earth science. The U.S.
Department of Co' imerce and the U.S. Department of the Interor, for
example, collect and maintan earth science data on many topics,
including weather, mmeral resources, water qualty. and earthquakes.
Teachers and students could monttor events in the world around them
via telecommunication links to scientists and 1o earth science
databases. Rural schools, in particular, can gam a connection to the
screntthc community through this approach.

2 Establishing programs between state and federal earth scrence
agencies and local school distncts to permit teachers to woik closely
with research scientists, gaming direct exposure 1o curtent research.




Closing Statement

This guide synthesizes ideas and 1ssues discussed by scientists and educators at
conferences convened throughout the nation. Participants in these discussions
g have already bequn to use these ideas in developing their own programs. The
= guide 1dentifies common ground for those interested 1N improving precollege
B earth science education, and we hope thatit provides a starting point for further
o discussion, planning, and implementation at all levels.
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