TEACHING about ASTRONOMY
SELECTED NGSS DISCIPLINARY CORE IDEAS, PERFORMANCE EXPECTATIONS, CROSSCUTTING CONCEPTS. SCIENCE
AND ENGINEERING PRACTICES, AND NATURE OF SCIENCE

Crosscutting Concepts
Cause and Effect

Systems and System Models
Stability and Change

Science and Engineering Practices

Analyzing and Interpreting Data

Constructing Explanations and Designing Solutions
Using Mathematics and Computational Thinking
Engaging in Argument from Evidence

Connections to Engineering, Technology, and Applications of Science
Influence of Science, Engineering, and Technology on Society and the Natural World
Middle School

All human activity draws on natural resources and has both short and long-term consequences, positive as
well as negative, for the health of people and the natural environment. (MS-ESS3-1),(MS-ESS3-4)

The uses of technologies and any limitations on their use are driven by individual or societal needs, desires,
and values; by the findings of scientific research; and by differences in such factors as climate, natural resources,
and economic conditions. Thus technology use varies from region to region and over time. (MS-ESS3-2),(MS-ESS3-
3)

High School

Modern civilization depends on major technological systems. (HS-ESS3-1),(HS-ESS3-3)

Engineers continuously modify these technological systems by applying scientific knowledge and engineering
design practices to increase benefits while decreasing costs and risks. (HS-ESS3-2),(HS-ESS3-4)

New technologies can have deep impacts on society and the environment, including some that were not
anticipated. (HS-ESS3-3)

Analysis of costs and benefits is a critical aspect of decisions about technology. (HS-ESS3-2)

Connections to the Nature of Science
Science Addresses Questions about the Natural and Material World
High School

Science and technology may raise ethical issues for which science, by itself, does not provide answers and
solutions. (HS-ESS3-2)

Science knowledge indicates what can happen in natural systems—not what should happen. The latter involves
ethics, values, and human decisions about the use of knowledge. (HS-ESS3-2)

Many decisions are not made using science alone, but rely on social and cultural contexts to resolve issues. (HS-
ESS3-2)
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Middle School

Disciplinary Core Ideas

ESS1.A: The Universe and Its Stars

e  Patterns of the apparent motion of the sun, the moon, and stars in the sky can be observed, described,
predicted, and explained with models.

ESS1.B: Earth and the Solar System

e This model of the solar system can explain eclipses of the sun and the moon. Earth’s spin axis is fixed in
direction over the short-term but tilted relative to its orbit around the sun. The seasons are a result of that tilt
and are caused by the differential intensity of sunlight on different areas of Earth across the year.

Students who demonstrate understanding can:

MS- Develop and use a model of the Earth-sun-moon system to describe the cyclic

ESS1-1. patterns of lunar phases, eclipses of the sun and moon, and seasons. [Clarification
Statement: Examples of models can be physical, graphical, or conceptual.]

MS- Develop and use a model to describe the role of gravity in the motions within galaxies

ESS1-2. and the solar system. [Clarification Statement: Emphasis for the model is on gravity as the
force that holds together the solar system and Milky Way galaxy and controls orbital motions
within them. Examples of models can be physical (such as the analogy of distance along a
football field or computer visualizations of elliptical orbits) or conceptual (such as
mathematical proportions relative to the size of familiar objects such as students' school or
state).] [Assessment Boundary: Assessment does not include Kepler’s Laws of orbital motion
or the apparent retrograde motion of the planets as viewed from Earth.]

MS- Analyze and interpret data to determine scale properties of objects in the solar

ESS1-3. system. [Clarification Statement: Emphasis is on the analysis of data from Earth-based
instruments, space-based telescopes, and spacecraft to determine similarities and
differences among solar system objects. Examples of scale properties include the sizes of an
object’s layers (such as crust and atmosphere), surface features (such as volcanoes), and
orbital radius. Examples of data include statistical information, drawings and photographs,
and models.] [Assessment Boundary: Assessment does not include recalling facts about
properties of the planets and other solar system bodies.]

MS- Construct a scientific explanation based on evidence from rock strata for how the

ESS1-4. geologic time scale is used to organize Earth's 4.6-billion-year-old history. [Clarification
Statement: Emphasis is on how analyses of rock formations and the fossils they contain are
used to establish relative ages of major events in Earth’s history. Examples of Earth’s major
events could range from being very recent (such as the last Ice Age or the earliest fossils of
homo sapiens) to very old (such as the formation of Earth or the earliest evidence of life).
Examples can include the formation of mountain chains and ocean basins, the evolution or
extinction of particular living organisms, or significant volcanic eruptions.] [Assessment
Boundary: Assessment does not include recalling the names of specific periods or epochs
and events within them.]
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High School

Disciplinary Core Ideas

ESS1.A: The Universe and Its Stars

e The star called the sun is changing and will burn out over a lifespan of approximately 10 billion years.

e The study of stars’ light spectra and brightness is used to identify compositional elements of stars, their
movements, and their distances from Earth.

e The Big Bang theory is supported by observations of distant galaxies receding from our own, of the measured
composition of stars and non-stellar gases, and of the maps of spectra of the primordial radiation (cosmic
microwave background) that still fills the universe.

e  Other than the hydrogen and helium formed at the time of the Big Bang, nuclear fusion within stars produces
all atomic nuclei lighter than and including iron, and the process releases electromagnetic energy. Heavier
elements are produced when certain massive stars achieve a supernova stage and explode.

ESS1.B: Earth and the Solar System

e Cyclical changes in the shape of Earth’s orbit around the sun, together with changes in the tilt of the planet’s
axis of rotation, both occurring over hundreds of thousands of years, have altered the intensity and distribution
of sunlight falling on the earth. These phenomena cause a cycle of ice ages and other gradual climate
changes.(secondary)

e Kepler's laws describe common features of the motions of orbiting objects, including their elliptical paths around the sun.
Orbits may change due to the gravitational effects from, or collisions with, other objects in the solar system.

ESS2.A: Earth Materials and Systems

e The geological record shows that changes to global and regional climate can be caused by interactions among
changes in the sun’s energy output or Earth’s orbit, tectonic events, ocean circulation, volcanic activity,
glaciers, vegetation, and human activities. These changes can occur on a variety of time scales from sudden
(e.g., volcanic ash clouds) to intermediate (ice ages) to very long-term tectonic cycles.

ESS2.D: Weather and Climate

e The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, as well as its
reflection, absorption, storage, and redistribution among the atmosphere, ocean, and land systems, and this
energy’s re-radiation into space.

PS3.D: Energy in Chemical Processes and Everyday Life
e Nuclear Fusion processes in the center of the sun release the energy that ultimately reaches Earth as
radiation. (secondary)

PS4.B: Electromagnetic Radiation
e Atoms of each element emit and absorb characteristic frequencies of light. These characteristics allow
identification of the presence of an element, even in microscopic quantities. (secondary)

Students who demonstrate understanding can:

HS-ESS1-1. Develop a model based on evidence to illustrate the life span of the sun and the role of nuclear
fusion in the sun’s core to release energy that eventually reaches Earth in the form of
radiation. [Clarification Statement: Emphasis is on the energy transfer mechanisms that allow energy
from nuclear fusion in the sun’s core to reach Earth. Examples of evidence for the model include
observations of the masses and lifetimes of other stars, as well as the ways that the sun’s radiation
varies due to sudden solar flares (“space weather”), the 11-year sunspot cycle, and non-cyclic
variations over centuries.] [Assessment Boundary: Assessment does not include details of the atomic
and sub-atomic processes involved with the sun’s nuclear fusion.]
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HS-ESS1-2.

HS-ESS1-3.

HS-
ESS1-4.

HS-
ESS2-4.

Construct an explanation of the Big Bang theory based on astronomical evidence of light

spectra, motion of distant galaxies, and composition of matter in the universe. [Clarification
Statement: Emphasis is on the astronomical evidence of the red shift of light from galaxies as an
indication that the universe is currently expanding, the cosmic microwave background as the
remnant radiation from the Big Bang, and the observed composition of ordinary matter of the
universe, primarily found in stars and interstellar gases (from the spectra of electromagnetic
radiation from stars), which matches that predicted by the Big Bang theory (3/4 hydrogen and 1/4
helium).]

Communicate scientific ideas about the way stars, over their life cycle, produce

elements. [Clarification Statement: Emphasis is on the way nucleosynthesis, and therefore the
different elements created, varies as a function of the mass of a star and the stage of its lifetime.]
[Assessment Boundary: Details of the many different nucleosynthesis pathways for stars of
differing masses are not assessed.]

Use mathematical or computational representations to predict the motion of orbiting
objects in the solar system.[Clarification Statement: Emphasis is on Newtonian
gravitational laws governing orbital motions, which apply to human-made satellites as well as
planets and moons.] [Assessment Boundary: Mathematical representations for the
gravitational attraction of bodies and Kepler’s Laws of orbital motions should not deal with
more than two bodies, nor involve calculus.]

Use a model to describe how variations in the flow of energy into and out of Earth’s
systems result in changes in climate. [Clarification Statement: Examples of the causes of
climate change differ by timescale, over 1-10 years: large volcanic eruption, ocean
circulation; 10-100s of years: changes in human activity, ocean circulation, solar output; 10-
100s of thousands of years: changes to Earth's orbit and the orientation of its axis; and 10-
100s of millions of years: long-term changes in atmospheric composition.] [Assessment
Boundary: Assessment of the results of changes in climate is limited to changes in surface
temperatures, precipitation patterns, glacial ice volumes, sea levels, and biosphere
distribution.]



