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Earth and Space Sciences

Students demondrate an undestanding
abouthow Earth systems and processes
interact in thegeogpheae resulting in
the habitability of Earth. Thisindudes
demondrating an undestanding of the
compostion of theuniverse, thesolar
system and Earth. In addition, it
indudes undestanding the propaties
and theinterconnected naure of Earth's
systems, processes tha shgpe Earth and
Earth'shistory. Students al'so
demondrate an undestanding of how
the concepts and prindples of energy,
matter, motion and forces explain Earth
systems, the solar system and the
universe. Findly, they grasp an
undestanding of thehistorical
perspectives, scientific approaches and
emerging scientific issues assodated
with Earth and space sciences.

By theend of the 9 B 10 program,
Studentswill . . .

A. Explain how evidence from stars
and other celestial objects provide
information aboutthe processes that
cause changesin the compostion and
scale of thephysca universe.

B. Explain tha many processes occur
in paternswithin the Earth's systems.
C. Explain the 4.5 billion-year-history
of Earth and the 4 billion-year-history
of life on Earth based on observable
scientific evidence in the geologic
record.

D. Describethefinite naure of Earth's
resources and those human activities
tha can conserve or deplete Earth's
resources.

E. Explain the processes tha moveand
shgpe Earth'ssurface.

F. Summarize the historical
development of scientific theories and
ideas, and describe emerging issuesin
the study of Earth and space sciences.
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1. Describetha stars produce energy
from nudear reactionsand that
processesin stars have led to the
formation of all elements beyond
hydrogen and hdium.

2. Describethe current scientific
evidence tha suppots thetheory of the
explosve expangon of theuniverse,
the Big Bang, over 10 billion years ago.
3. Explain tha gravitationd forces
govean thecharacteristics and
movement paternsof the plands,
comets and asteroidsin the solar
system.

4. Explain therelationsipsof the
oceansto thelithophee and
amoshee (e.g., trander of energy,
ocean currents and landforms).

5. Explain how the slow movement of
materia within Earth results from:

a. therma energy trander (condudion
and convection) from thedeep interior;
b. the action of gravitationd forces on
regionsof different dengty.

6. Explain theresults of plate tectonic
activity (e.g., magma generation,
igneousintruson, metamorphism,
volcanic action, earthquées, faulting
andfolding).
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7. Explain sea-floor spreading and
continental drift usng scientific
evidence (e.g., fossil distributions
magnédic reversals and radiometric
dating).

8. Use historical examplesto explain
how new ideas are limited by the
context in which they are conceived,
are often initially rejected by the
scientific establishment; sometimes
spring from unexpected findings and
usudly grow slowly through
contributionsfrom many different
investigators (e.qg., hdiocentric theory
and plate tectonics theory).
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Life Sciences

Students demondrate an undestanding
of how living systems fundion and
how they interact with thephyscal
environment. Thisindudes an
undestanding of thecycling of matter
and flow of energy in living systems.
An undestanding of the characteristics,
structure and fundion of cells,
organisms and living systems will be
developeal. Students will also develop a
deeper undestanding of the

prindples of heredity, biological
evolution, andthediversity and
interdependence of life. Students
demondrate an undestanding of
different historical perspectives,
scientific approaches and emerging
scientific issues assodated with thelife
sciences.

By theend of the 9 B 10 program,
Studentswill . . .

A. Explain tha cells are thebasic unit
of structure and fundion of living
organisms, tha one life originated all
cells come from pre-existing cells, and
tha there are avariety of cell types.

B. Explain the characteristics of life as
indicated by cellular processes and
describethe process of cell divisonand
development.

C. Explain the genetic mechanisms and
molecular basis of inhaitance.

D. Explaintheflow of energy and the
cycling of matter throughbiological
and ecological systems (cellular,
organismal and ecological).

E. Explain howevolutionay
relationdhipscontribute to an
undestanding of theunity and diversity
of life.

F. Explain thestructure and fundion of
ecosystems and relate how ecosystems
changeover time.

G. Describe how human activities can
impact the status of natural systems.
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Describe how scientists continueto
investigae and critically andyze
aspects of evolutionay theory. (The
intent of this benchmark does not
mandae the teaching or testing of
intelligent design.)

I. Explain how natural selection and
other evolutionay mechanisms account
for theunity and diversity of past and
present life forms.

J. Summarize thehistorical
development of scientific theories and
ideas, and describe emerging issuesin
the study of life sciences.

By theend of the 9 B 10 program,
Studentswill . . .

H. Describeafoundaion of biological
evolution asthechangein gene
frequency of apopuktion over time.
Explain the historical and current
scientific developments, mechanisms
and processes of biological evolution.

6%
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Physical Sciences

Students demondrate an unde'standing
of thecompostion of physcal systems
and the conagpts and prindples tha
describe and predict physgcal
interactionsand eventsin the natural
world. Thisindudes demondrating an
undestanding of thestructure and
properties of matter, the propaties of
materials and objects, chemical
reactionsand the conervation of
matter. In addition, it indudes
undestanding the nature, trander and
congervation of energy; motion and the
forces affecting motion; and the naure
of waves and interactionsof matter and
energy. Students demondrate an
undestanding of the historical
perspectives, scientific approaches and
emerging scientific issues assodated
with the physcal sciences.

By theend of the 9 B 10 program,
Studentswill . . .

A. Describetha matter is made of
minute particles called atoms and
atoms are comprised of even smaller
components. Explain the structure and
propeaties of atoms.

B. Explain how atoms react with each
other to form other subgances and how
molecules react with each other or
other atoms to form even different
subgances.

C. Describetheidentifiable physcal
propaties of subgances (e.g., color,
hadness, condudivity, dengty,
concentration and dudility). Explain
how changes in these properties can
occur withoutchanging the chemical
nature of the subgance.

D. Explain the movement of objects by
applying Newton'sthree laws of
motion.

E. Demondrate tha energy can be
congdered to beeither kingic (motion)
or potential (stored).

F. Explain how energy may change
form or beredistributed butthetotal
quantity of energy is conserved.

G. Demondrate tha waves (e.g., sound,
seismic, water and light) have energy
and waves can trander energy when
they interact with matter.
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1. Recognize tha al atoms of the same
element contain the same number of
protons and elements with the same
numbe of protonsmay or may not
have the same mass. Thos with
different masses (different numbers of
neutrong are called isotopes.

2. llludrate tha atoms with the same
numbe of postively charged protons
and negaively charged electronsare
electrically neutral.

3. Describeradioactive subdances as
undable nudei tha undegorandom
spontaneousnudear decay emitting
paticles and/or high energy wavelike
radiation.

4. Showtha when elements are listed
in order according to the number of
protons(called theatomic nunbe), the
repeating paternsof physcal and
chemical propeatiesidentify families of
elements. Recognize that the periodic
table was formed as aresult of the
repeating patern of electron
configurations

5. Describehowionsare formed when
an atom or a group of atoms acquire an
unbdanced charge by ganing or loang
oneor more electrons
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By theend of the 9 B 10 program,
Studentswill . . .

H. Trace the historical development of
scientific theories and idess, and
describe emerging issuesin the study of
physcal sciences.
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6. Explain tha the electric force
between the nudeusand the electrons
hold an atomtogether. Relate that ona
larger scale, electric forces hold solid
and liquid materialstogeher (e.g., salt
crystals and water).

7. Show how atoms may be bondel
togaher by logng, ganingor sharing
electronsand tha in a chemical
reaction, the number, type of atoms and
total mass mug bethe same before and
after thereaction (e.g., writing correct
chemical formulas and writing
bdanced chemical equaiong.

8. Demongrate tha the pH scale (0-14)
Is used to measure acidity and classify
subgances or solutionsas acidic, basic,
or neutral.

9. Investigae the properties of pure
subgances and mixtures (e.g., densty,
condudivity, hardness, propeties of
alloys supeconducdors and
semicondudors).

10. Compare thecondudivity of
different materials and explain therole
of electronsin the ability to condud
electricity.
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11. Explain howthermal energy exists
in therandommotion and vibrationsof
atoms and molecules. Recognize that
the highe thetemperature, the greater
the average atomic or molecular
motion, and during changes of state the
temperature remains congant.
12.Explain how an object's kinetic
energy dependsonits mass and its
speed (KE=! mv 2).

13. Demondrate tha near Earth's
surface an object's gravitationd
potential energy dependsuponits
weight (mg where mistheobject's
mass and g isthe acceleration dueto
gravity) and height (h) abovea
reference surface (PE=mgh).

14. Summarize how nudear reactions
convet asmall amountof matter into a
large amountof energy. (Fission
involves the splitting of alarge nudeus
into smaller nude; fusonisthejoining
of two small nudel into alarger
nudeusat extremely high energies.)
15. Trace thetrandormationsof energy
within a system (e.g., chemical to
electrical to mechanical) and recognize
tha energy is conserved. Show that
these trandormationsinvolve the
release of some thermal energy.



SCIENCE STANDARDS
GradeDNinth
Standad Benchmark

Indicators

By the end of the 9 B 10 program,

Studentswill . . .
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16. lllugrate tha chemical reactionsare
either endohermic or exothermic (e.g.,
cold packs, hot packs and thebuming
of foss| fuds).

17. Demondrate tha thermal energy
can betranderred by condudion,
convection or radiation (e.g., through
materials by the collision of paticles,
moving air masses or across empty
space by forms of electromagnédic
radiation).

18. Demondrate tha electromagndic
radiationis aform of energy.
Recognize tha light acts as a wave.
Showtha visible lightisapat of the
electromagndic spectrum (e.g., radio
waves, microwaves, infrared, visible
light, ultraviolet, X-rays, and ganma
rays).

19. Show how the propeties of awave
depend on the propeties of the medium
throughwhich it travels. Recognize tha
electromagneic waves can be
propagaed withouta medium.
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20. Describe how waves can
supeimpos on oneanothe when
propagaed in the same medium.
Andyze conditionsin which waves can
bend aroundcorners, reflect off
surfaces, are absorbed by materials they
enter, and changedirection and speed
when entering a different material. 21.
Demondrate tha motionisa
measurable quantity tha dependson
theob=erver'sframe of reference and
describe the object's motion in terms of
postion, velodty, acceleration and
time.

22.Demondrate tha any object does
not accelerate (remainsat rest or
maintainsa condant speed and
direction of motion) unless an
unbdanced (net) force actsonit.

23. Explain thechangein motion
(acceleration) of an object.
Demondrate that the accelerationis
propottiond to thenet force acting on
the object and inversely propottiond to
the mass of the object. (F net =ma.
Note tha weightisthe gravitationd
forceonamass.)

24. Demondrate tha whenever one
object exerts aforce on another, an
equd amountof forceis exerted back
onthefirst object.
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25. Demondrate theways in which
frictiond forces condrain the motion of
objects (e.g., acar travelingarounda
curve, ablock onanindined plange a
person running, an airplanein flight).
26.Use historical examplesto explain
how new ideas are limited by the
context in which they are conaeived;
are often initially rejected by the
scientific establishment; sometimes
spring from unexpected findings and
usudly grow slowly through
contributionsfrom many different
investigators (e.g., atomic theory,
guantum theory and Newtonian
mechanics).

27.Describeadvances andissuesin
physcal science tha have important,
longlasting effects on science and
sodety (e.g., atomic theory, quantum
theory, Newtonian mechanics, nudear
energy, nanotechnology, plastics,
ceramics and communication
technology).
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Science and Technology

Students recognize tha science and
technology are interconnected and that
usng technology involves assessment
of the bendfits, risks and cods. Students
should build scientific and
technological knowledge as well asthe
skill required to design and condruct
devices. In addition, they should

develop the processes to solve
problems and undestand tha problems
may be solved in severa ways.

By theend of the 9 B 10 program,
Studentswill . . .

A. Explain thewaysin which the
processes of technological design
respondto the needsof sodety.

B. Explain tha science and technology
are interdependent; each drivesthe
other.
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1. Describe means of compaing the
benefits with therisks of technology
and how science can inform public
policy.

2. ldentify a problem or need, propo®
designsand choo® amongaternaive
solutionsfor the problem.

3. Explain why adesign should be
continudly assessed and theidess of
the design should betested, adgpted
and refined.
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Scientific Inquiry

Students develop scientific habits of
mind as they use the processes of
scientific inquiry to ask valid questions
and to gather and andyze information.
They undestand howto develop
hypoteses and make predictions They
are able to reflect on scientific practices
asthey develop plansof actionto
create and evaluae a variety of
condusons Students are also ableto
demondrate the ability to communicate
thar findingsto others.

By theend of the 9 B 10 program,
Studentswill . . .

A. Participaein and apply the
processes of scientific investigation to
create modds and to design, condud,
evaluate and communicate the results
of these investigaions
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1. Distinguish between observations
and inferences given a scientific
situaion.

2. Research and apply appropriate
safety precautionswhen designing and
conduding scientific investigations
(e.g., OSHA, Materia Safety Data
Sheets [MSDS], eyewash, goggles and
ventilation).

3. Congrud, interpret and apply
physcal and conceptuad modds tha
represent or explain systems, objects,
events or concepts.

4. Decidewhat degree of precision
based onthedaais adequae and round
off theresults of calculator opeations
to the prope numbe of significant
figures to reasonably reflect thoe of
theinpus.

5. Develop oral and written
presentationsusng clear languaye,
accurate data, appropriate graphs
tables, mapsand available technology.
6. Draw logical condusonsbased on
scientific knowledgeand evidence from
investigaions



SCIENCE STANDARDS
GradeDNinth
Standad

Benchmark

Indicators

Scientific Ways of Knowing

Students redlize tha the current body of
scientific knowledgemug bebased on
evidence, be predictive, logical, subject
to modification and limited to the
naural world. Thisindudes
demondrating an undestanding that
scientific knowledgegrows and
advances as new evidence is discovered
to suppot or modify existing theories,
aswell asto encouragethe
development of new theories. Students
are ableto reflect on ethical scientific
practices and demondrate an
undestanding of howthe current body
of scientific knowledgereflects the
historical and cultural contributionsof
women and men who provideuswith a
more reliable and comprehensve
undestanding of thenatural world.

By theend of the 9 B 10 program,
Studentswill . . .

A. Explain tha scientific knowedge
mug be based on evidence, be
predictive, logical, subject to
modification and limited to the naural
world.

B. Explain how scientific inquiry is
guided by knowedge obsrvations
ideas and questions

C. Describetheethical practices and
guiddinesin which science opeaates.
D. Recognize tha scientific literacy is
pat of beng aknowedgeable citizen.
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1. Comprehend that many scientific
investigaionsrequire the contributions
of women and men from different
disciplinesin and out of science. These
people study different topics, use
different techniques and have different
standadsof evidence butshae a
COMMON purpo< - to better undestand
aportion of our universe.

2. llludrate tha the methodsand
procedures used to obtain evidence
mug beclearly reported to enhance
oppotunities for further investigations
3. Demondrate tha reliable scientific
evidence improves the ability of
scientists to offer accurate predictions
4. Explain how suppot of ethical
practicesin science (e.g., individud
observationsand confirmations
accurate reporting, peer review and
publication) are required to reduce bias.
5. Jugify that scientific theories are
explanaionsof large bodies of
information and/or observationstha
withdand repested testing.

6. Explain tha inquiry fuds
observation and experimentation that
produce daatha are thefounddion of
scientific disciplines. Theories are
explanaionsof these daa.
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7. Recognize tha scientific knowedge
and explanaionshave changed over
time, aimog aways building on earlier
knowledge

8. llludrate tha much can belearned
abouttheinternd workingsof science
and the naure of science fromthe
study of scientists, ther dally work and
thar efforts to advance scientific
knowledgein ther area of study.

9. Investigate howtheknowledge
skillsand interests learned in science
classes apply to the careers students
plan to pursue



