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Standard 1: The student develops effective problem-solving strategies.

1.1 Designs and conducts scientific investigations by: formulating testable hypotheses; identifying and
clarifying the method, controls, and variables; organizing and displaying data (graphs, tables, units,
uncertainties, curve-fitting, etc.); revising methods and explanations; presenting the results and receiving
critical response from others

1.2 Knows how to select, apply and use key equations in both experimental and theoretical situations.
(algebraic, numerical, unit analysis, etc.)

1.3 Knows how to use technology (calculators, hand tools, measuring instruments, computers) and
mathematics (measurement, formulas, charts, graphs) to perform accurate scientific investigations and
communications

Standard 2: The student understands the nature of scientific knowledge.

2.1 Knows ways in which science distinguishes itself from other ways of knowing and from other bodies of
knowledge (e.g., use of empirical standards, logical arguments, skepticism)

2.2 Knows that scientific explanations must meet certain criteria to be considered valid (e.g., they must be
consistent with experimental and observational evidence about nature, make accurate predictions about
systems being studied, be logical, respect rules of evidence, be open to criticism, report methods and
procedures, make a commitment to making knowledge public)

2.3 Understands how scientific knowledge changes and accumulates over time (e.g., all scientific
knowledge is subject to change as new evidence becomes available; some scientific ideas are
incomplete and opportunity exists in these areas for new advances; theories are continually tested,
revised, and occasionally discarded)

2.4 Knows that from time to time, major shifts occur in scientific view of how the world works, but usually
the changes that take place in the body of scientific knowledge are small modifications of prior knowledge

Standard 3: The student understands the nature of scientific inquiry.

3.1 Understands the use of hypotheses in science (e.g., selecting and narrowing the focus of data,
determining additional data to be gathered; guiding the interpretation of data)

3.2 Designs and conducts scientific investigations by: formulating testable hypotheses; identifying and
clarifying the method, controls, and variables; organizing and displaying data; revising methods and
explanations; presenting the results; and receiving critical response from others

3.3 Knows that a wide range of natural occurrences may be observed to discern patterns when conditions
of an investigation cannot be controlled

3.4 Uses technology (e.g., hand tools, measuring instruments, calculators, computers) and mathematics
(e.g., measurement, formulas, charts, graphs) to perform accurate scientific investigations and
communications

3.5 Knows that conceptual principles and knowledge guide scientific inquiries; historical and current
scientific knowledge influence the design and interpretation of investigations and the evaluation of
proposed explanations made by other scientists

3.6 Knows that scientists conduct investigations for a variety of reason (e.g., to discover new aspects of



the natural world, to explain recently observed phenomena, to test the conclusions of prior investigations,
to test the predictions of current theories)

3.7 Knows that investigations and public communication among scientists must meet certain criteria in
order to result in new knowledge and methods (e.g., arguments must be logical and demonstrate
connections between natural phenomena, investigations, and the historical body of scientific knowledge;
the methods and procedures used to obtain evidence must be clearly reported to enhance opportunities
for further investigation)

Standard 4: The student understands science as a human endeavor.

4.1 Knows that throughout history, diverse cultures have developed scientific ideas and solved human
problems through technology

4.2 Understands that individuals and teams contribute to science and engineering at different levels of
complexity (e.g., an individual may conduct basic field studies; hundreds of people may work together on
a major scientific question or technological problem)

4.3 Understands the ethical traditions associated with the scientific enterprise (e.g., commitment to peer
review, truthful reporting about the methods and outcomes of investigations, publication of the results of
work) and that scientists who violate these traditions are censored by their peers

4.4 Knows that science and technology are essential social enterprises, but alone they can only indicate
what can happen, not what could happen

4.5 Understands that science involves different types of work in many different disciplines (e.g., scientists
in different disciplines ask different questions, use different methods of investigation, and accept different
types of evidence to support their explanations; many scientific investigations require the contributions of
individuals from different disciplines; new disciplines of science, such as geophysics, and biochemistry,
often emerge at the interface of older disciplines)

4.6 Knows that creativity, imagination, and a good knowledge base are all required in the work of science
and engineering

Standard 5: The student understands basic features of the earth.

5.1 Knows the major external and internal sources of energy on Earth (e.g., the Sun is the major external
source of energy; the decay of radioactive isotopes and gravitational energy from the Earth's original
formation are primary sources of internal energy)

5.2 Knows that weather and climate involve the transfer of energy in and out of the atmosphere

Standard 6: The student understands basic earth processes.

6.1 Knows that elements exist in fixed amounts and move through the solid Earth, oceans, atmosphere,
and living things as part of geochemical cycles (e.g., carbon cycle, nitrogen cycle)

6.2 Knows that throughout the rock cycle (e.g., formation, weathering, sedimentation, reformation), the
total amount of material stays the same as its form changes

6.3 Knows methods used to estimate geologic time (e.g., observing rock sequences and using fossils to
correlate the sequences at various locations; using the known decay rates of radioactive isotopes present
in rock to measure the time since the rock was formed)

6.4 Knows how the evolution of life on Earth has changed the composition of the Earth's atmosphere
through time (e.g., one-celled forms of life emerged more than 3.5 billion years ago; evolution of
photosynthesizing organisms produced most of the oxygen in the modern atmosphere)

Standard 7: The student understands essential ideas about the composition and structure of the
universe and the earth’s place in it.

7.1 Knows ways in which technology has increased our understanding of the universe (e.g. visual, radio,
and x-ray telescopes collect information about the universe from electromagnetic waves; computers



interpret vast amount of data from space; space probes gather information from distant parts of the Solar
System; accelerators allow us to simulate conditions in the stars and in the early history of the universe)

Standard 14: The student understands basic concepts about the structure and properties of
matter.

14.1 Understands how elements are arranged in the periodic table, and how this arrangement shows
repeating patterns among elements with similar properties (e.g. numbers of protons, neutrons, and
electrons; relation between atomic number and atomic mass)

14.2 Knows how the electron configuration of atoms governs the chemical properties of an element as
atoms interact with one another by transferring or sharing electrons that are furthest from the nucleus

14.3 Knows that atoms may be bonded together into molecules or crystalline solids, and compounds are
formed from chemical bonds between two or more different kinds of atoms

14.4 Knows that the physical properties of a compound are determined by its molecular structure (e.g.
constituent atoms, distances and angles between them) and the interactions among these molecules

14.5 Knows the structure of an atom (e.g. negative electrons occupy most of the space in the atom;
neutrons and positive protons make up the nucleus of the atom; protons and neutrons are almost 2000
times heavier than an electron; the electric force between the nucleus and electrons holds the atom
together)

14.6 Knows that the number of electrons in an atom determines whether the atom is electrically neutral or
an ion

14.7 Knows that most elements have two or more isotopes; although the number of neutrons has little
effect on how the atom interacts with others, it does affect the mass and the stability of the nucleus

14.8 Knows how radioactive isotopes can be used to estimate the age of materials that contain them
because radioactive isotopes undergo spontaneous nuclear reactions and emit particles and/or wavelike
radiation; the decay of any one nucleus cannot be predicted, but a large group of identical nuclei decay at
a predictable rate, which can be used to estimate the materialOs age

14.9 Knows that electrons, neutrons and protons are made up of even smaller constituents

14.10 Knows that chemical reactions can take place at vastly different rates (e.g., from the few
femtoseconds required for an atom to move a fraction of a chemical bond distance to geologic time
scales of billions of years), and reaction rates depend on a variety of factors (e.g., how often the reacting
atoms and molecules encounter one another; temperature; properties, including shape, of the reacting
species)

14.11 Understands the significance of the mole concept and ways in which it can be used (e.g. actual
mass vs. relative mass; relationship between the mole and the volume of a mole of molecules; relevance
of molar volume and AvogadroOs hypothesis)

14.12 Knows that chemical reactions can be accelerated by catalysts (e.g. some chemical reactions may
be catalyzed by metal surfaces; chemical reactions in living systems are often catalyzed by protein
molecules called enzymes)

14.13 Knows the variety of structures that may be formed from the bonding of carbon atoms (e.g.
synthetic polymers, oils, the large molecules essential to life) and their roles in various chemical
reactions, including those required for life processes

14.14 Knows that a large number of important reactions involve the transfer of either electrons
(oxidation/reaction reactions) or hydrogen ions (acid/base reactions) between reacting ions, molecules, or
atoms

14.15 Understands radical reactions and their role in natural and human processes (e.g. ozone and green
house gases in the atmosphere; burning and processing of fossil fuels; formation of polymers; explosions)

Standard 15: The student understands energy types, sources, and conversions, and their



relationship to heat and temperature.

15.1 Knows that although the total energy of the universe remains constant, matter tends to become
steadily less ordered as various energy transfers occur (e.g. by collisions in chemical and nuclear
reactions, by light waves and other radiations), and the energy tends to spread out uniformly

15.2 Knows that all energy can be considered to be either kinetic energy (energy of motion), potential
energy (depends on relative position), or energy contained by a field (electromagnetic waves)

15.3 Understands the relationship between heat and temperature (heat energy consists of the random
motion and vibrations of atoms, molecules, and ions; the higher the temperature, the greater the atomic
or molecular motion)

15.4 Understands that chemical reactions either release or consume energy (i.e. some changes of atomic
or molecular configuration require an input of energy; other release energy)

15.5 Knows how the energy associated with individual atoms and molecules can be used to identify the
substances they comprise; each kind of atom or molecule can gain or lose energy only in particular
discrete amounts, and thus can absorb and emit light only at wavelengths corresponding to these
amounts

15.6 Knows that nuclear reactions convert a fraction of the mass of interacting particles into energy
(fission involves the splitting of a large nucleus into smaller pieces; fusion is the joining of two nuclei at
extremely high temperature and pressure) and release much greater amounts of energy than atomic
interactions

Standard 16: The student understands motion and the principles that explain it.

16.1 Knows that waves (e.g., sound, seismic, water, light) have energy and can transfer energy when
they interact with matter

16.2 Knows the range of the electromagnetic spectrum (e.g., radio waves, microwaves, infrared radiation,
visible light, ultraviolet radiation, x-rays, gamma rays); electromagnetic waves result when a charged
object is accelerated or decelerated, and the energy of electromagnetic waves is carried in packets
whose magnitude is inversely proportional to the wavelength

16.3 Knows that laws of motion can be used to determine the effects of forces on the motion of objects
(e.g., objects change their motion only when a net force is applied; whenever one object exerts force on
another, a force equal in magnitude and opposite in direction is exerted on the first object; the magnitude
of the change in motion can be calculated using the relationship F = ma, which is independent on the
nature of the force)

Standard 17: The student knows the kinds of forces that exist between objects and within atoms.

17.1 Knows how different kinds of materials respond to electric forces (e.g., as insulators,
semiconductors, conductors, superconductors)

17.2 Knows that materials that contain equal proportions of positive and negative charges are electrically
neutral, but a very small excess or deficit of negative charges in a material produces notable electric
forces

17.3 Knows that electromagnetic forces exist within and between atoms (e.qg., electric forces between
oppositely charged electrons and protons hold atoms and molecules together, and are involved in all
chemical reactions; electric forces hold solid and liquid materials together and act between objects when
they are in contact)
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