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Description

This half-year course is designed for the third/fourth year high school student who is interested in
learning about the universe. Astronomy is a rapidly evolving field fueled by new technologies
and novel theoretical insights. The important concepts are developed without using sophisticated
mathematics; rather they are explained using qualitative reasoning, critical thinking and
problem-solving analogies. This is done in order to explain the complexities of the subject matter
without oversimplification.
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Unit 1
Content Area:                         Science
Unit Title:                                Earth’s Place in the Universe
Target Course/Grade Level:  Astronomy/11th & 12th grades
Unit Summary: This unit describes how ancient civilizations attempted to explain the sky in terms of
geocentric models of the Universe.  It summarizes the role of Renaissance science in the history of
astronomy.  It explains how the observed motions of the planets led to our modern view of a Sun-centered
solar system.  It describes the major contributions of Galileo, Kepler and Newton to the development of
our understanding of the solar system, and invites students to investigate other important astronomers
including those with disabilities or from the LGBTQ community.  It also describes how astronomers use
information about the Electromagnetic Spectrum and Spectroscopy to determine the temperature and make
up of celestial bodies.

Primary Interdisciplinary Connections:

ELA/Literacy -
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical

texts, attending to important distinctions the author makes and to any gaps or
inconsistencies in the account. (HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-5),
(HS-ESS1-6)

RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or
technical text, verifying the data when possible and corroborating or
challenging conclusions with other sources of information. (HS-ESS1-5),
(HS-ESS1-6)

WHST.9-12.1 Write arguments focused on discipline-specific content. (HS-ESS1-6)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical

events, scientific procedures/ experiments, or technical processes.
(HS-ESS1-2), (HS-ESS1-3) ,(HS-ESS1-5)

SL.11-12.4 Present claims and findings, emphasizing salient points in a focused, coherent
manner with relevant evidence, sound valid reasoning, and well-chosen details;
use appropriate eye contact, adequate volume, and clear pronunciation.
(HS-ESS1-3)

Mathematics:
MP.2 Reason abstractly and quantitatively. (HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-3),
(HS-ESS1-4), (HS-ESS1-5), (HS-ESS1-6)

MP.4 Model with mathematics. (HS-ESS1-1), (HS-ESS1-4)

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step
problems; choose and interpret units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays. (HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-4), (HS-ESS1-5),
(HS-ESS1-6) •

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-ESS1-1),
(HS-ESS1-2), (HS-ESS1-4), (HS-ESS1-5), (HS-ESS1-6)
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HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities. (HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-4), (HS-ESS1-5), (HS-ESS1-6)

HSA-SSE.A.1 Interpret expressions that represent a quantity in terms of its context.
(HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-4)

HSA-CED.A.2 Create equations in two or more variables to represent relationships between
quantities; graph equations on coordinate axes with labels and scales. (HS-ESS1-1),
(HS-ESS1-2), (HS-ESS1-4)

HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning
as in solving equations. (HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-4)

HSF-IF.B.5 Relate the domain of a function to its graph and, where applicable, to the quantitative
relationship it describes. (HS-ESS1-6)

HSS-ID.B.6 Represent data on two quantitative variables on a scatter plot, and describe how
those variables are related. (HS-ESS1-6)

Career Readiness, Life Literacies and Key Skills
9.2.12.CAP.3: Investigate how continuing education contributes to one's career and personal
growth.
9.2.12.CAP.6: Identify transferable skills in career choices and design alternative career plans
based on those skills.
9.4.12.CI.1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas (e.g.,
1.1.12prof.CR3a).

Computer Science and/or Design Thinking:
8.1.12.CS.2: Model interactions between application software, system software, and hardware. •
8.1.12.CS.3: Compare the functions of application software, system software, and hardware.
8.2.12.NT.2: Redesign an existing product to improve form or function.

Unit Rationale: Students will be exposed to key concepts regarding how scientific knowledge of our
Universe has been based on the observations and theories described by the ancient astronomers.  Students
will be able to see the way current theories were born and grew.

Learning Targets
Science and Engineering Practices:
Developing and Using Models

Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and
developing models to predict and show relationships among variables between systems and their
components in the natural and designed world(s). ♣ Develop a model based on evidence to
illustrate the relationships between systems or between components of a system. (HS-ESS1-1)

Using Mathematical and Computational Thinking
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Mathematical and computational thinking in 9–12 builds on K–8 experiences and progresses to
using algebraic thinking and analysis, a range of linear and nonlinear functions including
trigonometric functions, exponentials and logarithms, and computational tools for statistical
analysis to analyze, represent, and model data. Simple computational simulations are created
and used based on mathematical models of basic assumptions.

● Use mathematical or computational representations of phenomena to describe
explanations. (HS-ESS1-4)

Constructing Explanations and Designing Solutions

Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and
progresses to explanations and designs that are supported by multiple and independent
student-generated sources of evidence consistent with scientific ideas, principles, and theories.

● Construct an explanation based on valid and reliable evidence obtained from a variety of
sources (including students’ own investigations, theories, simulations, peer review) and
the assumption that theories and laws that describe the natural world operate today as
they did in the past and will continue to do so in the future. (HS-ESS1-2)

● Apply scientific reasoning to link evidence to the claims to assess the extent to which the
reasoning and data support the explanation or conclusion. (HS-ESS1-6)

Engaging in Argument from Evidence

Engaging in argument from evidence in 9–12 builds on K–8 experiences and progresses to using
appropriate and sufficient evidence and scientific reasoning to defend and critique claims and
explanations about the natural and designed world(s). Arguments may also come from current
scientific or historical episodes in science.

● Evaluate evidence behind currently accepted explanations or solutions to determine the
merits of arguments. (HS-ESS1-5)

Obtaining, Evaluating, and Communicating Information Obtaining, evaluating, and
communicating information in 9–12 builds on K–8 experiences and progresses to evaluating the
validity and reliability of the claims, methods, and designs.

● Communicate scientific ideas (e.g. about phenomena and/or the process of development
and the design and performance of a proposed process or system) in multiple formats
(including orally, graphically, textually, and mathematically). (HS-ESS1-3)

Disciplinary Core Concepts

ESS1.A: The Universe and Its Stars
● Patterns of the apparent motion of the sun, the moon, and stars in the sky can be

observed, described, predicted, and explained with models. (MS-ESS1-1)
● Earth and its solar system are part of the Milky Way galaxy, which is one of many

galaxies in the universe. (MS-ESS1-2)

ESS1.A: The Universe and Its Stars
● The star called the sun is changing and will burn out over a lifespan of approximately 10

billion years. (HS-ESS1-1)
● The study of stars’ light spectra and brightness is used to identify compositional

elements of stars, their movements, and their distances from Earth. (HS-ESS1-2),
(HS-ESS1-3)
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● The Big Bang theory is supported by observations of distant galaxies receding from our
own, of the measured composition of stars and non-stellar gasses, and of the maps of
spectra of the primordial radiation (cosmic microwave background) that still fills the
universe. (HS-ESS1-2)

● 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. (HS-ESS1-2), (HS-ESS1-3)

ESS1.B: Earth and the Solar System
● 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. (HS-ESS1-4)

ESS1.C: The History of Planet Earth
● Continental rocks, which can be older than 4 billion years, are generally much older than

the rocks of the ocean floor, which are less than 200 million years old. (HSESS1-5)
● Although active geologic processes, such as plate tectonics and erosion, have destroyed

or altered most of the very early rock record on Earth, other objects in the solar system,
such as lunar rocks, asteroids, and meteorites, have changed little over billions of years.
Studying these objects can provide information about Earth’s formation and early
history. (HS-ESS1-6)

PS1.C: Nuclear Processes
● Spontaneous radioactive decay follows a characteristic exponential decay law. Nuclear

lifetimes allow radiometric dating to be used to determine the ages of rocks and other
materials.(secondary to HSESS1-5), (secondary to HS-ESS1-6) PS3.D: Energy in
Chemical Processes and Everyday Life

● Nuclear Fusion processes in the center of the sun release the energy that ultimately
reaches Earth as radiation. (secondary to HS-ESS1-1)

PS4.B Electromagnetic Radiation
● 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 to HS-ESS1-2)

Crosscutting Concepts:

Patterns
● Empirical evidence is needed to identify patterns. (HS-ESS1-5) Scale, Proportion, and

Quantity
● The significance of a phenomenon is dependent on the scale, proportion, and quantity at

which it occurs. (HS-ESS1-1)
● Algebraic thinking is used to examine scientific data and predict the effect of a change in

one variable on another (e.g., linear growth vs. exponential growth). (HS-ESS1-4)
Energy and Matter

● Energy cannot be created or destroyed–only moved between one place and another
place, between objects and/or fields, or between systems. (HS-ESS1-2)

● In nuclear processes, atoms are not conserved, but the total number of protons plus
neutrons is conserved. (HS-ESS1-3)

Stability and Change
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● Much of science deals with constructing explanations of how things change and how
they remain stable. (HS-ESS1-6)

Connections to Engineering, Technology, and Applications of Science

Interdependence of Science, Engineering, and Technology
● Science and engineering complement each other in the cycle known as research and

development (R&D). Many R&D projects may involve scientists, engineers, and others
with wide ranges of expertise. (HS-ESS1-2), (HS-ESS1-4)

NJSLS#: NJSLS-Science:
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

HS-ESS1-2 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.

HS-ESS1-3 Communicate scientific ideas about the way stars, over their life cycle, produce elements.

HS-ESS1-4 Use mathematical or computational representations to predict the motion of orbiting
objects in the solar system.

HS-ESS1-5 Evaluate evidence of the past and current movements of continental and oceanic crust and
the theory of plate tectonics to explain the ages of crustal rocks.

HS-ESS1-6 Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and
other planetary surfaces to construct an account of Earth’s formation and early history.

Unit Essential Questions
• Are there any ordinary situations where people

regularly apply the scientific method without
being aware of it?

• How would you describe the geocentric theory of
the universe?

• Why was the heliocentric theory of the universe
adopted over the geocentric theory?

• What are the seven types of electromagnetic
radiation? How are they related to one another?
How do they help us to learn about the universe
in which we live?

• What were the major discoveries that Galileo
made concerning the planets?

• What are the three main types of telescopes?
Under what circumstances are they used?

Unit Enduring Understandings
• The scientific method is used whenever a person

makes a prediction based on observations and then
tests it out.

• The geocentric universe proposes that the Earth is
the center of the universe and all other bodies orbit
it.

• The geocentric theory of the universe was
questioned by those astronomers who believed that
the epicycles proposed by Ptolemy were too
complicated to be a true explanation for the motion
of the planets.

• The seven types of electromagnetic radiation are:
Gamma rays, X-rays, Ultraviolet light, visible light,
Infrared light, Microwaves, and Radio waves. They
all travel at the same speed (3.0 x 108 m/s). They
can show how galaxies are moving toward or away
from an observer.

• Galileo discovered the phases of Venus, the moons
of Jupiter, mountains and mare on the Moon using
the telescope.

• Optical, radio wave and gamma/ x-ray telescopes
are used in various situations depending on the
surroundings of the telescope to “view” celestial
bodies.
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Unit Learning Targets
Students will ...
• Describe how scientists combine observation, theory and testing in their study of the universe.
• Explain the concept of the celestial sphere and how we use angular measurement to locate objects in the

sky.
• Describe how and why the Sun, Moon and stars appear to change their positions from night to night and

from month to month.
• Explain how our clocks and calendars are linked to Earth’s rotation and orbit around the Sun.
• Explain the simple geometric reasoning that allows astronomers to measure the distances and sizes of

otherwise inaccessible objects.
• Show how the relative motions of the Earth, the Sun and the Moon lead to eclipses.
• Describe how some ancient civilizations attempted to explain the heavens in terms of Earth-centered

models of the universe.
• Describe how scientists combine observation, theory and testing in their study of the universe.
• Explain the concept of the celestial sphere and how we use angular measurement to locate objects in the

sky.
• Describe how and why the Sun, Moon and stars appear to change their positions from night to night and

from month to month.
• Explain how our clocks and calendars are linked to Earth’s rotation and orbit around the Sun.
• Explain the simple geometric reasoning that allows astronomers to measure the distances and sizes of

otherwise inaccessible objects.
• Show how the relative motions of the Earth, the Sun and the Moon lead to eclipses.
• Describe how some ancient civilizations attempted to explain the heavens in terms of Earth-centered

models of the universe.
• Summarize the role of Renaissance science in the history of astronomy.
• Explain how the observed motions of the planets led to our modern view of Sun-centered solar systems.
• Discuss the nature of electromagnetic radiation and tell how that radiation transfers energy and

information through interstellar space.
• Describe the major regions of the electromagnetic spectrum and explain how Earth’s atmosphere affects

our ability to make astronomical observations at different wavelengths.
• Explain what is meant by the term “blackbody radiation” and describe the basic properties of such

radiation.
• Tell how we can determine the temperature of an object by observing the radiation that it emits.
• Show how the relative motion between a source of radiation and an observer can change the perceived

wavelength of the radiation, and explain the importance of this phenomenon to astronomy.
• Describe the characteristics of continuous, emission and absorption spectra and the conditions under

which each is produced.
• Explain the relation between emission and absorption lines and what we can learn from those lines.
• Specify the basic components of the atom and describe our modern conception of its structure.
• Discuss the observations that led scientists to conclude that light has particle as well as wave properties.
• Explain how electron transitions within atoms produce unique emission and absorption features in the

spectra produced by molecules.
• Describe the general features of spectra produced by molecules.
• List and explain the kinds of information that can be obtained by analyzing the spectra of astronomical

objects.
• Describe the major contributions of Galileo and Kepler to the development of our understanding of the

solar system.
• State Kepler’s laws of planetary motion.
• Explain how Kepler’s laws allow us to construct a scale model of the solar system, and explain the

technique used to determine the actual size of the planetary orbits.
• Be able to state Newton’s laws of gravitation and explain how they account for Kepler’s laws.

Explain how the law of gravitation enables us to measure the masses of astronomical bodies.
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• Sketch and describe the basic designs of the major types of optical telescopes used by astronomers.
• Explain the purpose of some of the detectors used in astronomical telescopes.
• Explain the particular advantages of reflecting telescopes for astronomical use, and specify why very

large telescopes are needed for most astronomical studies.
• Discuss the advantages and disadvantages of radio astronomy compared with optical observations.
• Explain why some astronomical observations are best done from space and discuss the advantages and

limitations of space-based astronomy.
• Tell why it is important to make astronomical observations in different regions of the electromagnetic

spectrum.
• Describe how Earth’s atmosphere affect astronomical observations, and discuss some of the current

efforts to improve ground-based astronomy.

Evidence of Learning
Summative Assessment:

• Quizzes and Tests
• Lab Experiment Reports
• Projects

Equipment needed: Lab materials and measuring instruments (measuring devices, spectroscopes, gas
tubes, astronomical and terrestrial telescope kits.
Teacher Resources: Textbook and section review, study guide materials.
WIDA 2021 ELD Standards
Formative/Benchmark Assessments

• Questions and answers during lectures
• Textbook-based review and reinforcement questions.
• Worksheets for in-class and at-home work
• Project-based learning activities

Alternative Assessment:
Telescope demonstration.

Lesson Plans and Pacing Guide
Lesson Timeframe
Lesson 1

Career Exploration and Educational
Requirements

1 class day
(40 minutes)

Lesson 2
Pre-Course Quiz: What do you really know about

the Universe?
1 class day

(40 minutes)

Lesson 3
What is our address in the Universe? 1 class day

(40 minutes)

Lesson 4
Earth’s Geographic Coordinate System:

Latitude and Longitude
1 class day

(40 minutes)

Lesson 5
Lab: Determine the distance to an object using

parallax measurements
2 class day

(80 minutes)
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Lesson 5
How did the ancient observers think about the

stars in the sky?
Homework assignment: Design and explain your

own constellation.

3 class days
(120 minutes)

Lesson 6
Project – choose an ancient astronomer and

explain how he saw the solar system – geocentric
or heliocentric and how he influenced our

understanding of the Universe.

4 class days
(160 minutes)

Lesson 7
Measuring Angle of Elevation and Angle of

Depression
2 class day
(80 minutes)

Lesson 8
Lab: Sun Elevation above the Horizon

Progression from summer to fall to winter.
3 class days

(120 minutes)

Lesson 9
Lab: Spectroscopes – What is the rainbow? How
do the spectra of different gases compare with the

Sun’s spectrum?

2 class day
(80 minutes)

Lesson 10
Lab: Build a terrestrial or astronomical telescope

using a kit.
Extension: Redesign it to improve form or

function.

4 class days
(160 minutes)

Lesson 11
Lab: Determine the distance to an object using

parallax measurements
2 class day
(80 minutes)

Lesson 12
Project: Build a Solar Cooker to Capture Infrared

Radiation

4 class day
(120 minutes)
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Unit 2
Content Area:                         Science
Unit Title:                                Our Planetary System
Target Course/Grade Level:  Astronomy/11th & 12th grades
Unit Summary: This unit describes how Earth fits into the Solar System.  It also explains the difference
between the Jovian and Terrestrial planets and explains the history and purpose of comets, asteroids, Kuiper
Belt objects and other solar system debris.  The unit also describes how each of the Terrestrial planets have
similarities and differences and tries to explain how and why that is the case.

Primary interdisciplinary connections:

ELA/Literacy:
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts,
attending to important distinctions the author makes and to any gaps or inconsistencies in the
account. (HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-5), (HS-ESS1-6)

RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text,
verifying the data when possible and corroborating or challenging conclusions with other sources
of information. (HS-ESS1-5), (HS-ESS1-6)

RST.11-12.2 Determine the central ideas, themes, or conclusions of a text; summarize complex
concepts, processes, or information presented in a text by paraphrasing them in simpler but still
accurate terms. (HS-ESS2-2)

WHST.9-12.1 Write arguments focused on discipline-specific content. (HS-ESS1-6)

WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events,
scientific procedures/ experiments, or technical processes. (HS-ESS1-2), (HS-ESS1-3),
(HS-ESS1-5)

SL.8.5 Integrate multimedia and visual displays into presentations to clarify information,
strengthen claims and evidence, and add interest. (MS-ESS2-1), (MS-ESS2-2), (MS-ESS2-6)

SL.11-12.5 Make strategic use of digital media (e.g., textual, graphical, audio, visual, and
interactive elements) in presentations to enhance understanding of findings, reasoning, and
evidence and to add interest. (HS-ESS2-1), (HS-ESS2-3), (HS-ESS2-4)

Mathematics:
MP.2 Reason abstractly and quantitatively. (HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-3),
(HS-ESS1-4), (HS-ESS1-5), (HS-ESS1-6)

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step
problems; choose and interpret units consistently in formulas; choose and interpret the scale and
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the origin in graphs and data displays. (HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-4), (HS-ESS1-5),
(HS-ESS1-6)

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-ESS1-1),
(HS-ESS1-2), (HS-ESS1-4), (HS-ESS1-5), (HS-ESS1-6)

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting
quantities. (HS-ESS1-1), (HS-ESS1-2), (HS-ESS1-4), (HS-ESS1-5), (HS-ESS1-6)

HSF-IF.B.5 Relate the domain of a function to its graph and, where applicable, to the quantitative
relationship it describes. (HS-ESS1-6)

HSS-ID.B.6 Represent data on two quantitative variables on a scatter plot, and describe how those
variables are related. (HS-ESS1-6)

Career Readiness, Life Literacies, & Key Skills:
9.2.12.CAP.8: Determine job entrance criteria (e.g., education credentials, math/writing/reading
comprehension tests, drug tests) used by employers in various industry sectors.
9.4.12.IML.4: Assess and critique the appropriateness and impact of existing data visualizations
for an intended audience (e.g., S-ID.B.6b, HS-LS2-4).
9.4.12.IML.5: Evaluate, synthesize, and apply information on climate change from various sources
appropriately (e.g., 2.1.12.CHSS.6, S.IC.B.4, S.IC.B.6, 8.1.12.DA.1, 6.1.12.GeoHE.14.a,
7.1.AL.PRSNT.2).

Computer Science and/or Design Thinking:
8.1.12.CS.2: Model interactions between application software, system software, and hardware.
8.1.12.CS.3: Compare the functions of application software, system software, and hardware.
8.1.12.DA.1: Create interactive data visualizations using software tools to help others better
understand real world phenomena, including climate change.
8.2.12.ED.6: Analyze the effects of changing resources when designing a specific product or
system (e.g., materials, energy, tools, capital, labor).
8.2.12.NT.2: Redesign an existing product to improve form or function.

Unit Rationale: Students will be exposed to the constantly changing scientific knowledge about our
solar system.  Students will be able to understand why some celestial bodies previously known as planets
are now considered Kuiper belt objects and why the scientific community is looking at the other planets in
the solar system for water and possibility of habitability by human life.

Learning Targets
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Science and Engineering Practices:

Constructing Explanation and Designed Solutions
Constructing explanations and designing solutions in 9 – 12 builds on K – 8 experiences and progresses to
explanations and designs that are supported by multiple and independent student-generated sources of
evidence consistent with scientific ideas, principles, and theories.

• Apply scientific reasoning to link evidence to the claims to assess the extent to which the reasoning
and data support the explanation or conclusion. (HS-ESS1-6)

Engaging in Argument from Evidence
Engaging in argument from evidence in 9 – 12 builds on K – 8 experiences and progresses to using
appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations
about the natural and designed worlds(s) Arguments may also come from current scientific or historical
episodes in science.

• Evaluate evidence behind currently accepted explanations or solutions to determine the merits of
arguments. (HS-ESS1-5)

Connections to Nature of Science
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena

• A scientific theory is a substantiated explanation of some aspect of the natural world, based on a
body of facts that have been repeatedly confirmed through observation and experiment and the
science community validates each theory before it is accepted. If new evidence is discovered that
the theory does not accommodate, the theory is generally modified in light of this new evidence.
(HS-ESS1-2), (HS-ESS1-6)

Models, mechanisms, and explanations collectively serve as tools in the development of a scientific theory.
(HS-ESS1-6)

Developing and Using Models

Modeling in 9–12 builds on K–8 experiences and progresses to using, synthesizing, and
developing models to predict and show relationships among variables between systems and their
components in the natural and designed world(s).

● Develop a model based on evidence to illustrate the relationships between systems or
between components of a system. (HS-ESS2-1), (HS-ESS2-3), (HS-ESS2-6)

● Use a model to provide mechanistic accounts of phenomena. (HS-ESS2-4)

Analyzing and Interpreting Data

Analyzing data in 9–12 builds on K–8 experiences and progresses to introducing more detailed
statistical analysis, the comparison of data sets for consistency, and the use of models to generate
and analyze data.

● Analyze data using tools, technologies, and/or models (e.g., computational, mathematical)
in order to make valid and reliable scientific claims or determine an optimal design
solution. (HS-ESS2-2)
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Disciplinary Core Ideas:

ESS1.C: The History of Planet Earth
● Continental rocks, which can be older than 4 billion years, are generally much older than

the rocks of the ocean floor, which are less than 200 million years old. (HSESS1-5)
● Although active geologic processes, such as plate tectonics and erosion, have destroyed or

altered most of the very early rock record on Earth, other objects in the solar system, such
as lunar rocks, asteroids, and meteorites, have changed little over billions of years.
Studying these objects can provide information about Earth’s formation and early history.
(HS-ESS1-6)

PS1.C: Nuclear Processes
● Spontaneous radioactive decay follows a characteristic exponential decay law. Nuclear

lifetimes allow radiometric dating to be used to determine the ages of rocks and other
materials.(secondary to HSESS1-5), (secondary to HS-ESS1-6)

ESS1.B: Earth and the Solar System
● 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 to
HS-ESS2-4) ESS2.A: Earth Materials and Systems

● Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or
decrease the original changes. (HS-ESS2-1), (HS-ESS2-2)

● Evidence from deep probes and seismic waves, reconstructions of historical changes in
Earth’s surface and its magnetic field, and an understanding of physical and chemical
processes lead to a model of Earth with a hot but solid inner core, a liquid outer core, a
solid mantle and crust. Motions of the mantle and its plates occur primarily through
thermal convection, which involves the cycling of matter due to the outward flow of
energy from Earth’s interior and gravitational movement of denser materials toward the
interior. (HS-ESS2-3)

● 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. (HS-ESS2-4)

ESS2.B: Plate Tectonics and Large
Scale System Interactions

● The radioactive decay of unstable isotopes continually generates new energy within
Earth’s crust and mantle, providing the primary source of the heat that drives mantle
convection. Plate tectonics can be viewed as the surface expression of mantle convection.
(HS-ESS2-3)

● Plate tectonics is the unifying theory that explains the past and current movements of the
rocks at Earth’s surface and provides a framework for understanding its geologic history.
Plate movements are responsible for most continental and ocean-floor features and for the
distribution of most rocks and minerals within Earth’s crust. (ESS2.B Grade 8 GBE)
(HS-ESS2-1)
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ESS2.D: Weather and Climate
● 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 reradiation into space.
(HS-ESS2-2), (HS-ESS2-4)

● Changes in the atmosphere due to human activity have increased carbon dioxide
concentrations and thus affect climate. (HS-ESS2-6), (HS-ESS2-4)

PS4.A: Wave Properties
● Geologists use seismic waves and their reflection at interfaces between layers to probe

structures deep in the planet. (secondary to HS-ESS2-3)

Crosscutting Concepts:

Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
● A scientific theory is a substantiated explanation of some aspect of the natural world,

based on a body of facts that have been repeatedly confirmed through observation and
experiment and the science community validates each theory before it is accepted. If new
evidence is discovered that the theory does not accommodate, the theory is generally
modified in light of this new evidence. (HSESS1-2), (HS-ESS1-6)

● Models, mechanisms, and explanations collectively serve as tools in the development of a
scientific theory. (HS-ESS1-6)

Cause and Effect
● Empirical evidence is required to differentiate between cause and correlation and make

claims about specific causes and effects. (HS-ESS2-4)
Energy and Matter

● Energy drives the cycling of matter within and between systems. (HS-ESS2-3)
Stability and Change

● Change and rates of change can be quantified and modeled over very short or very long
periods of time. Some system changes are irreversible. (HS-ESS2-1)

● Feedback (negative or positive) can stabilize or destabilize a system. (HS-ESS2-2)

Connections to Engineering, Technology, and Applications of Science

Interdependence of Science, Engineering, and Technology
● Science and engineering complement each other in the cycle known as research and

development (R&D). Many R&D projects may involve scientists, engineers, and others
with wide ranges of expertise. (HS-ESS2-3) Influence of Engineering, Technology, and
Science on Society and the Natural World

● New technologies can have deep impacts on society and the environment, including some
that were not anticipated. Analysis of costs and benefits is a critical aspect of decisions
about technology. (HS-ESS2-2)

NJSLS#: NJSLS-Science:
HS-ESS1-5 Evaluate evidence of the past and current movements of continental and oceanic crust and

the theory of plate tectonics to explain the ages of crustal rocks.
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HS-ESS1-6 Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and
other planetary surfaces to construct an account of Earth’s formation and early history.

HS-ESS2-1 Develop a model to illustrate how Earth’s internal and surface processes operate at
different spatial and temporal scales to form continental and ocean-floor features.

HS-ESS2-2 Analyze geoscience data to make the claim that one change to Earth’s surface can create
feedback that causes changes to other Earth systems.

HS-ESS2-3 Develop a model based on evidence of Earth’s interior to describe the cycling of matter
by thermal convection.

HS-ESS2-4 Use a model to describe how variations in the flow of energy into and out of Earth’s
systems result in changes in climate.

Unit Essential Questions
• How do the terrestrial and Jovian planets

compare?
• Why is Pluto not considered to be a planet?
• What is a Kuiper belt object?
• What is the make-up of an asteroid?
• What is the make-up of a comet?
• Does a comet always have a tail trailing it?
• What is the basic make-up of the Earth’s

atmosphere?
• What are the four spheres of the Earth?
• What are tectonic plates?
• How do tectonic plates dictate the formation of

the Earth’s crust?
• How does the Earth’s magnetic field interact with

the Sun’s solar winds?

Unit Enduring Understandings
• Terrestrial planets are smaller, more dense and

closer to the Sun; Jovian planets are mostly gaseous
and have much greater mass than terrestrial planets.
Due to their masses, Jovian planets have greater
gravitational pulls than the terrestrial planets and
therefore all have more moons and also have rings.

• Due to the current definition of a planet (it must
have a clear path and somehow interact with other
planets), Pluto is considered to be a dwarf planet
and Kuiper belt object.

• There are three different types of asteroids
determined by their make-up (Carbonaceous,
Siliceous or Metallic).

• A comet is made up of a rocky body surrounded by
ice, a coma and sometimes a tail.

• No, a comet only has a tail when it is close to the
Sun.  The tail caused by the solar winds always
faces away from the Sun.

• Earth’s atmosphere is composed of 78% N2, 21%
O2, with the remaining percent made up of CO2,
Argon, H2O and other gases.

• The atmosphere, the hydrosphere, the lithosphere
and the asthenosphere,

• Tectonic plates are parts of the lithosphere that lie
upon the asthenosphere.

• Convection currents in the asthenosphere
cause the tectonic plates to move in one of three
ways: converging (creating mountains), diverging
(creating mid-ocean ridges) or transforming (moving
past each other).
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• The magnetosphere of the Earth is a magnetic field
caused by the interaction between the North and
South poles of the core.  It protects the Earth from
harmful rays of the Sun.  But, at the poles the field
is its weakest and when some of the solar winds
reach the atmosphere can cause the Aurora
Borealis or the Aurora Australis.

Unit Learning Targets
Students will ...
• Discuss the importance of comparative planetology to solar system studies.
• Describe the overall scale and structure of the solar system.
• Summarize the basic differences between the terrestrial and Jovian planets.
• Identify and describe the major non-planetary components of the solar system.
• Describe some of the spacecraft missions that have contributed significantly to our knowledge of the

solar system.
• Outline the theory of the solar system formation that accounts for the overall properties of our planetary

system.
• Account for the differences between the terrestrial and Jovian planets.
• Specify the general characteristics of the Moon and Mercury and compare them with those of Earth.
• Describe the surface features of the Moon and Mercury, and recount how those two bodies were formed

by dynamic events early in their history.
• Explain how the Moon’s rotation is influenced by its orbit around Earth and Mercury’s orbit around the

Sun.
• Explain how observation of cratering can be used to estimate the age of a body’s surface
• Compare the Moon’s interior structure with that of Mercury.
• Summarize the various theories of the formation of the Moon and indicate which is currently considered

most likely
• Discuss how astronomers have pieced together the story of the Moon’s evolution, and compare the

evolutionary history with that of Mercury.
• Summarize Venus’ general orbital and physical properties.
• Explain why Venus is hard to observe from Earth and how we have obtained more detailed knowledge

of the planet.
• Compare the surface features and geology of Venus with those of the Earth and the Moon.
• Describe the characteristics of Venus’ atmosphere with those of the Earth and Moon.
• Explain why the greenhouse effect has produced conditions on Venus very different from those on Earth.
• Describe Venus’s magnetic field and internal structure.
• Summarize the general orbital and physical properties of Mars.
• Describe the observational evidence for seasonal changes on Mars.
• Compare the surface features and geology of Mars and those of the Moon and Earth, and account for

these characteristics in terms of Martian history.
• Discuss this evidence that Mars once had a much denser atmosphere.
• Compare the atmosphere of Mars with that of Earth and Venus, and explain why the evolutionary

histories of these three worlds diverged so sharply.
• Describe the characteristics of Mars’ moons, and explain their probable origin.
• Specify the ways in which Jupiter differs from the terrestrial planets in its physical and orbital

properties.
• Discuss the processes responsible for the appearance of Jupiter’s atmosphere.
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• Describe Jupiter’s internal structure and composition, and explain how these are inferred from external
measurements.

• Summarize the characteristics of Jupiter’s magnetosphere.
• Discuss the orbital properties of the Galilean moons of Jupiter, and describe the appearance and physical

properties of each moon.
• Summarize the orbital and physical properties of Saturn and compare them with those of Jupiter.
• Describe the compositions and structures of Saturn’s atmosphere and interior.
• Explain why Saturn’s internal heat source and magnetosphere differ from those of Jupiter.
• Describe the structure and composition of Saturn’s rings.
• Describe how both calculations and chance played major roles in the discoveries of the outer planets.
• Summarize the orbital and physical properties of Pluto and explain how the Pluto-Charon system

fundamentally differs from all the other planets.
• Describe the orbital properties of the major groups of asteroids.
• Summarize the composition and physical properties of a typical asteroid.
• Explain the effect of orbital resonances on the structure of the asteroid belt.
• Detail the composition and structure of a typical comet and explain the formation and appearance of the

tail.
• Discuss the characteristics of cometary orbits and what they tell us about the probable origin of comets.
• Distinguish among the following terms: meteor, meteoroid and meteorite.
• Summarize what the orbital and physical properties suggest about the probable origin of meteoroids.
• Describe how comets and asteroids form and explain their role in determining planetary properties.
• Outline the properties of known extrasolar planets, and explain how they differ from planets in the solar

system.
• Summarize the physical properties of planet Earth.
• Explain how Earth’s atmosphere helps to heat us, as well as protect us.
• Outline our current model of Earth’s interior and describe some of the experimental techniques used to

establish the model.
• Summarize the evidence for the phenomenon of “continental drift” and discuss the physical processes

that drive it.
• Discuss the nature and origin of Earth’s magnetosphere.

Evidence of Learning
Summative Assessment (20 days):

• Quizzes and Tests
• Lab Experiment Reports
• Projects

Equipment needed:
Bar magnets
Teacher Resources:
Textbook and section review, study guide materials.

Formative/Benchmark Assessments
• Questions and answers during lectures
• Textbook-based review and reinforcement questions
• Worksheets for in-class and at-home work
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Alternative Assessment:
 Develop a model of the solar system based on evidence to illustrate the components of a system.

(HS-ESS1-1)

Lesson Plans and Pacing Guide
Lesson Timeframe
Lesson

Identification transferable skills to other potential
professional endeavors

1 class day
(40 minutes)

Lesson 1
Build a model of the solar system with your own

measuring scale to see the relative distances
between the planets.

4 class days
(160 minutes)

Lesson 2
Video “Origins” to understand the birth process

of our solar system.
1 class day

(40 minutes)

Lesson 3
Lab: What is my weight on different planets?

Calculate your weight using the gravitational pull
on each planet (Weight = mg).

1 class day
(40 minutes)

Lesson 4
Produce craters on different planets using

different-sized craters and different speeds (from
different heights).

2 class day
(80 minutes)

Lesson 5
Make a comet flip book to see how the tail of the
comet changes during its orbit around the Sun.

3 class day
(120 minutes)

Lesson 6
Classwork: Flow charts of the Earth’s Sphere

2 class day
(80 minutes)

Lesson 7
Debris of the Solar System

Comets, Asteroids and Dwarf Planets
3 class day

(120 minutes)

Lesson 8
Classwork: View the Iris Seismic Monitor and

discuss NOAA’s chart of earthquake and volcano
activity over the past 12 months.

1 class day
(40 minutes)

Lesson 9
Lab: Build a magnetic field with a bar magnet to

simulate the magnetosphere of the Earth.
3 class day

(120 minutes)

Lesson 10
Describe the characteristics of Venus’ atmosphere
with those of the Earth and Moon. Discuss with a

2 class day
(80 minutes)
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partner why the greenhouse effect has produced
conditions on Venus very different from those on
Earth. See NASA – Greenhouse Gases resource.

Lesson 11
Project: Planets, Moons, Comets and Asteroids

5 class day
(200 minutes)

Teacher Notes:
Students will be required to use skills they have learned in other science and non-science classes
(mythology) to excel at this unit.
Curriculum Development Resources
New Jersey Student Learning Standards - 2020
NOAA Earthquake Data
NASA – Greenhouse Gases
WIDA 2021 ELD Standards
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Unit 3
Content Area:                         Science
Unit Title:                                Stars and Galaxies
Target Course/Grade Level:  Astronomy/11th & 12th grades
Unit Summary:
Our Universe has been expanding and evolving for 13.7 billion years under the influence of gravitational
and nuclear forces.  As gravity governs its expansion, organizational patterns, and the movement of
celestial bodies, nuclear forces within stars govern its evolution through the processes of stellar birth and
death.  These same processes governed the formation of galaxies including our own, the Milky Way
galaxy.
Primary interdisciplinary connections:

ELA/Literacy:
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts,
attending to important distinctions the author makes and to any gaps or inconsistencies in the
account. (HS-ESS1-1), (HS-ESS1-2)

WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events,
scientific procedures/ experiments, or technical processes. (HS-ESS1-2)

SL.8.5 Integrate multimedia and visual displays into presentations to clarify information,
strengthen claims and evidence, and add interest. (MS-ESS2-1), (MS-ESS2-2)

Mathematics:
MP.2 Reason abstractly and quantitatively. (HS-ESS1-1), (HS-ESS1-2)

MP.4 Model with mathematics. (HS-ESS1-1)

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step
problems; choose and interpret units consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays. (HS-ESS1-1), (HS-ESS1-2)

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-ESS1-1),
(HS-ESS1-2)

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities. (HS-ESS1-1), (HS-ESS1-2)

HSA-SSE.A.1 Interpret expressions that represent a quantity in terms of its context.
(HS-ESS1-1), (HS-ESS1-2)

HSA-CED.A.2 Create equations in two or more variables to represent relationships between
quantities; graph equations on coordinate axes with labels and scales. (HS-ESS1-1), (HS-ESS1-2)
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Career Readiness, Life Literacies and Key Skills
9.4.12.CI.1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas (e.g.,
1.1.12prof.CR3a).

Computer Science and/or Design Thinking:
8.1.12.CS.2: Model interactions between application software, system software, and hardware. •
8.1.12.CS.3: Compare the functions of application software, system software, and hardware.
8.2.12.NT.2: Redesign an existing product to improve form or function.

Unit Rationale:
Students will understand that the Universe is made of billions of stars that have different sizes, colors and
heat associated with them.  These stars have life cycles just as humans do.  The length and intensity of the
life cycle depends upon the mass of the star.  They will also be able to explain that these stars are not
uniformly distributed throughout space but coalesce into galaxies that have different shapes.

Learning Targets
Disciplinary Core Ideas:
Science and Engineering Practices:
Natural Phenomena

• A scientific theory is a substantiated explanation of some aspect of the natural world, based on a
body of facts that have been repeatedly confirmed through observation and experiment and the
science community validates each theory before it is accepted.  If new evidence is discovered that
the theory does not accommodate, the theory is generally modified in light of this new evidence.
(HS-ESS1-2)

Developing and Using Models
Modeling in 9 – 12 builds on K – 8 experiences and progresses to using, synthesizing, and developing
models to predict and show relationships among variables between systems and their components in the
natural and designed world(s).

• Develop a model based on evidence to illustrate the relationships between systems or between
components of a system. (HS-ESS1-1)

Using Mathematical and Computational Thinking
Mathematical and computational thinking in 9 – 12 builds on K – 8 experiences and progresses to using
algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric
functions, exponentials and logarithms, and computational tools for statistical analysis to analyze,
represent and model data. Simple computational simulations are created and used based on mathematical
models of basic assumptions.

• Use mathematical or computational representations of phenomena to describe explanations.
(HS-ESS1-4)

Constructing Explanation and Designed Solutions
Constructing explanations and designing solutions in 9 – 12 builds on K – 8 experiences and progresses to
explanations and designs that are supported by multiple and independent student-generated sources of
evidence consistent with scientific ideas, principles, and theories.

• Construct an explanation based on valid and reliable evidence obtained from a variety of sources
(including students’ own investigations, theories, simulations, peer review0 and the assumption
that theories and laws that describe the natural world operate today as they did in the past and will
continue to do so in the future. (HS-ESS1-2)

• Apply scientific reasoning to link evidence to the claims to assess the extent to which the
reasoning and data support the explanation or conclusion. (HS-ESS1-6)
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Engaging in Argument from Evidence
Engaging in argument from evidence in 9 – 12 builds on K – 8 experiences and progresses to using
appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations
about the natural and designed worlds(s) Arguments may also come from current scientific or historical
episodes in science.

• Evaluate evidence behind currently accepted explanations or solutions to determine the merits of
arguments. (HS-ESS1-5)

Obtaining, Evaluating and Communication Information
● Obtaining, evaluating and communicating information in 9 – 12 builds on K – 8 experience and

progresses to evaluating the validity and reliability of the claims, methods and designs.
• Communicate scientific ideas (e.g. about phenomena and/or the process of development and the

design and performance of a proposed process or system) in multiple formats (including orally,
texturally, and mathematically). (HS-ESS1-3)

Connections to Nature of Science
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena

• A scientific theory is a substantiated explanation of some aspect of the natural world, based on a
body of facts that have been repeatedly confirmed through observation and experiment and the
science community validates each theory before it is accepted. If new evidence is discovered that
the theory does not accommodate, the theory is generally modified in light of this new evidence.
(HS-ESS1-2), (HS-ESS1-6)

• Models, mechanisms, and explanations collectively serve as tools in the development of a
scientific theory. (HS-ESS1-6)

NJSLS#: NJSLS-Science:
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.

HS-ESS1-2 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.

HS-ESS1-3 Communicate scientific ideas about the way stars, over their life cycle, produce
elements.
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Unit Essential Questions
• What is the difference in life cycle between a

low mass and high mass star?
• What is the next step in the life cycle of our

Sun?
• How does our galaxy differ from others in the

Universe?
• What is dark matter?
• What are the leading theories of the origin of the

Universe?

Unit Enduring Understandings
• While both high mass and low mass stars begin

life in a nebula, high mass stars have higher
temperatures, larger stars and shorter life spans.

• The Sun, a low mass, average, main sequence star
will become a red giant, planetary nebula, white
dwarf and eventually die as a black dwarf.  The
Sun will never become a black hole – its mass is
too low.

• The Milky Way galaxy is categorized as a barred
spiral.  Other formations are spiral and elliptical.

• Dark matter and dark energy are theoretical parts
of the Universe that may be the cause of expansion
of galaxies from its origin.

• The leading theory of the origin of the Universe is
the Big Bang.  This theory says that everything we
know in the Universe was once compacted into a
small singularity that exploded 13.8 billion years
ago and over time became what we know today.

Unit Learning Targets
Students will ...
• Summarize the overall properties of the Sun.
• Outline the process by which energy is produced in the Sun’s interior.
• Explain how energy travels from the solar core, through the interior, and out into space. Name the

Sun’s outer layers and describe what those layers tell us about the Sun’s surface temperature and
composition.

• Discuss the nature of the Sun’s magnetic field and its relationship to the various types of solar activity.
• Distinguish between luminosity and apparent brightness, and explain how stellar luminosity is

determined.
• Explain the usefulness of classifying stars according to their colors, surface temperatures and spectral

characteristics.
• Explain how physical laws are used to estimate stellar sizes.
• Describe how an HR diagram is constructed and used to identify stellar properties.
• Explain how the masses of stars are measured, and how they are related to other stellar properties.
• Summarize the composition and physical properties of the interstellar medium.
• Explain how the process of star formation depends on stellar mass.
• Describe some of the observational evidence supporting the modern theory of stellar evolution.
• Explain why stars evolve off the main sequence.
• Outline the events that occur after a Sun-like star exhausts the supply of Hydrogen in its core.
• Summarize the stages of death of a typical low mass star and describe the resulting remnant.
• Contrast the evolutionary histories of high mass and low mass stars.
• Discuss the observations that help verify the theory of stellar evolution.
• Describe the two types of supernovae, and explain how each is produced.
• Describe the observational evidence for the occurrence of supernovae in our Galaxy.
• Explain the origin of elements heavier than Helium and discuss the significance of these elements for the

study of stellar evolution.
• Outline how the Universe continually recycles matter through stars and interstellar medium.
• Describe the properties of neutron stars. And explain how these strange objects are formed.
• Describe how black holes are formed, and discuss their effects on matter and radiation in their vicinity.
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• Relate the phenomena that occur near black holes due to the warping of space around them.
• Discuss the difficulties that arise in observing black holes, and explain some of the ways in which the

presence of a black hole might be detected.
• Describe the overall structure of the Milky Way galaxy, and specify how the various regions differ from

one another.
• Explain the importance of variable stars in determining the size and shape of our galaxy.
• Describe the orbital paths of stars in different regions of the galaxy, and explain how these motions are

accounted for by our understanding of how the galaxy formed.
• Discuss some possible explanations for the existence of spiral arms observed in our own and many other

galaxies.
• Explain what studies of galactic rotation reveal about the size and mass of the galaxy.
• Discuss the distance-measurement techniques that enable astronomers to map the Universe beyond the

Milky Way.
• State how Hubble’s Law explains objects in the observable Universe.
• State the cosmological principle and explain both its significance and its observational underpinnings.
• Explain how the age of the Universe is determined and discuss the uncertainties involved.
• Summarize the leading evolutionary models of the Universe.
• Discuss the factors that determine whether the Universe will expand forever.
• Describe the cosmic microwave background radiation, and explain its importance to our understanding

of cosmology.
• Describe the characteristics of the Universe immediately after its birth.
• Summarize the process of cosmic evolution as it is currently understood.

Evidence of Learning
Summative Assessment (30 days):

• Quizzes and Tests
• Lab Experiment Reports
• Projects

Teacher Resources:
Textbook and section review, study guide materials.

Formative/Benchmark Assessments
• Questions and answers during lectures
• Textbook-based review and reinforcement questions
• Worksheets for in-class and at-home work

Alternative Assessment:
Use a model or multimedia presentation to explain and demonstrate the orbital paths of stars in a chosen
galaxy.

Lesson Plans and Pacing Guide
Lesson Timeframe
Lesson 1

Pre-topic quiz: Part 1- organize 8 photographs of
people at different ages from youngest to oldest;

Part 2 – organize 5 photographs of stars at
different stages from youngest to oldest.

2 class day
(80 minutes)
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Lesson 2
View an episode of Cosmos about the women who

cataloged stars by their color, temperature and
size.

1 class day
(40 minutes)

Lesson 3
Stars: Birth, Life and Death 3 class day

(120 minutes

Lesson 4
Stars: Temperature and Spectral Class 2 class day

(80 minutes)

Lesson 5
Lab: Hertzsprung-Russel diagrams – create an

HR diagram using the temperature and luminosity
of 21 stars and then determine the stage in their

life cycle and their color

3 class day
(120 minutes)

Lesson 6
Video: Dark Matter and Dark Energy

Best Scientific Explanations

1 class day
(40 minutes)

Lesson 7
Project – Mock trial Big Bang theory vs. other
possible theories of the origin of the Universe.

3 class days
(120 minutes)

Lesson 8
Project – Stars, Galaxies and Constellations.

Research and present information to the class in a
creative and engaging way.

5 class days
(200 minutes)

Teacher Notes:
Students will be required to use skills they have learned in other science and non-science classes
(mythology) to excel at this unit.
Curriculum Development Resources
New Jersey Student Learning Standards – Science, 2020
WIDA 2021 ELD Standards
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Unit 4
Content Area:                           Science
Unit Title:                                 Astrobiology
Target Course/Grade Level:  Astronomy/11th & 12th grades
Unit Summary: Current research in Astronomy is divided between dark matter and astrobiology.  While
dark matter was discussed in Unit 3, astrobiology – the search for extra-terrestrial intelligence (life on other
planets) will be discussed in this unit.
Primary interdisciplinary connections:

ELA/Literacy:

WHST.9-12.1 Write arguments focused on discipline-specific content. (HS-ESS2-7)

WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events,
scientific procedures/ experiments, or technical processes. (HS-ESS1-2)

SL.8.5 Integrate multimedia and visual displays into presentations to clarify information, strengthen
claims and evidence, and add interest. (MS-ESS2-1), (MS-ESS2-2)

Mathematics:
MP.2 Reason abstractly and quantitatively. (HS-ESS1-1), (HS-ESS1-2)

MP.4 Model with mathematics. (HS-ESS1-1)

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step
problems; choose and interpret units consistently in formulas; choose and interpret the scale and the
origin in graphs and data displays. (HS-ESS1-1), (HS-ESS1-2)

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-ESS1-1),
(HS-ESS1-2)

Career Readiness, Life Literacies and Key Skills
9.2.12.CAP.3: Investigate how continuing education contributes to one's career and personal growth.
9.4.12.CI.1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas (e.g.,
1.1.12prof.CR3a).

Computer Science and/or Design Thinking:
8.1.12.CS.2: Model interactions between application software, system software, and hardware. •
8.1.12.CS.3: Compare the functions of application software, system software, and hardware.
8.2.12.NT.2: Redesign an existing product to improve form or function.
8.2.12.ITH.2: Propose an innovation to meet future demands supported by an analysis of the potential
costs, benefits, trade-offs, and risks related to the use of the innovation.
8.2.12.ITH.3: Analyze the impact that globalization, social media, and access to open source
technologies has had on innovation and on a society’s economy, politics, and culture.
Unit Rationale: In this culminating unit of the course students will incorporate the topics covered with the
current research of life in the solar system outside of Earth.
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Learning Targets
Disciplinary Core Ideas:

Engaging in Argument from Evidence

Engaging in argument from evidence in 9–12 builds on K–8 experiences and progresses to using
appropriate and sufficient evidence and scientific reasoning to defend and critique claims and
explanations about the natural and designed world(s). Arguments may also come from current
scientific or historical episodes in science.

● Construct an oral and written argument or counter-arguments based on data and evidence.
(HS-ESS2-7)

Disciplinary Core Ideas:

ESS2.D: Weather and Climate
● Gradual atmospheric changes were due to plants and other organisms that captured carbon

dioxide and released oxygen. (HS-ESS2-6), (HS-ESS2-7)

ESS2.E: Biogeology
● The many dynamic and delicate feedbacks between the biosphere and other Earth systems

cause a continual co-evolution of Earth’s surface and the life that exists on it. (HS-ESS2-7)

Crosscutting Concepts:

Stability and Change
● Much of science deals with constructing explanations of how things change and how they

remain stable. (HS-ESS2-7)

NJSLS#: NJSLS-Science:
HS-ESS2-7 Construct an argument based on evidence about the simultaneous coevolution of Earth’s

systems and life on Earth.

Unit Essential Questions
• What are the two integral parts of

astrobiology?
• What is SETI?

What are the current missions that are
looking for habitable planets in the
Milky Way galaxy?

• How can astronomers tell there may be
a planet orbiting a star?

• What is a habitable zone?
• What is an extremophile?
• What environments on Earth could be

habitable to extremophiles?

Unit Enduring Understandings
• The search for appropriate planets outside our solar system

and the search for life-forms that can survive on other
objects (planets/moons) within the solar system.

• SETI – the search for extra-terrestrial intelligence is a
group begun in 1960 at Cornell University by Frank Drake
and Carl Sagan.  They sent the Pioneer 10 mission into space
looking for extraterrestrial intelligence in 1977.  It has since
left the solar system on its way outside of the Oort cloud on
its mission.
• Kepler, COROT and TPF are three of the current
missions.  Kepler has confirmed approximately 2000 possible
habitable planets in the Milky Way galaxy.

• Gravitational lensing is the phenomenon predicted by
Albert Einstein that shows that light bends around solid
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objects in its way.  Planets orbiting a star show this
phenomenon.

• A habitable zone is defined as the distance from a star
where life as we know it could survive.  The zone is
dependent upon the size of the star.

• An extremophile is a life form found here on Earth that can
survive under extreme conditions.  Some
are able to live at very high or very low temperatures, some
can live with high sulfur, acidity or pressure.

• Scientists are researching some life forms that can live
under extreme conditions here on Earth (Atacama Desert,
Antarctic, sulfur vents) with the idea that those conditions
would mimic those on other planets (Venus, Mars).

Unit Learning Targets
Students will ...
• Describe the different aspects of astrobiology.
• List the different scientific fields involved in astrobiology.
• Distinguish between the different missions currently underway to find possible habitable planets in the Milky

Way galaxy.
• Explain how gravitational lensing can lead scientists to believe that a planet orbits a star outside our solar

system.
• Explain how the size of a star dictates the habitable zone – how far a planet can be from the star and still

sustain life.
• Discuss the materials sent out on the Pioneer 10 mission for SETI back in 1977.
• List the environments on Earth that model other places where life may exist.
• Explain how different extremophiles can live in extreme conditions.
•

Evidence of Learning
Summative Assessment (20 days):

• Project
Teacher Resources:
Textbook and section review, study guide materials.

Alternative Assessment:
Research and present information related to recent space missions intended to discover life beyond our own
galaxy.

Lesson Plans and Pacing Guide
Lesson Timeframe

Lesson 1
Video: Planet Earth

Plants, Animals, Bacteria, Mold and Virus
1 class day

(40 minutes)

Lesson 2
Earth’s Geological Time Scale 2 class days

(80 minutes)
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Lesson 3
Life Evolution on Planet Earth

Beneficial and detrimental environmental
factors.

2 class days
(120 minutes)

Lesson 4
Project – choose a celestial body (terrestrial

planet or moon of a Jovian planet) and determine
its environment and what type of extremophile

could survive there.

4 class days
(200 minutes)

Lesson 5
Project – Describe and analyze the causes of
climate change / global warming, parameters
involved in the process and ways to mitigate

or drastically reduce the environmental
impact of climate change

5 class days
(200 minutes)

Teacher Notes:
Students will be required to use skills they have learned in other science and non-science classes to excel at this
unit.
Curriculum Development Resources
New Jersey Student Learning Standards – Science, 2020
WIDA 2021 ELD Standards
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Suggestions for Differentiation

Considerations for classified students and students with an IEP/504 plan:

Classroom Instruction:
• All instruction for classified students and students with a 504 plan will be guided by the

students’ Individualized Education Plan (IEP) or 504.
• Regular education teachers will be responsible for differentiating instruction for classified

students based on the instructional modifications listed in the IEP/504 plan.
• In the case of General Education - Supported Instruction (GE-SI) Classes, the special

education teacher will be responsible for support in modifying the curriculum for the
students, informing the classroom teacher of the modifications, and directing instructional
aide(s) to provide support accordingly.  Grading will be done collaboratively by the regular
and special education teachers.

Modifications:
• Modifications include but are not limited to:

Extra time for assignments, modified classwork/homework assignments based on disability,
preferential seating, study guides, copies of class notes, assistive technology and
rewording/repeating or clarifying directions.

In-class Assessments:
• All assessments are to be in line with students’ IEP/504 plan.  In-class support teachers

should modify tests for classified students.  Tests may be given in the regular education
classroom or completed with the inclusion teacher in another location with additional time.
Students may be tested separately according to the IEP/504 plan.

• Assessment grades may be modified based on a student’s disability and in accordance with
their IEP/504 plan.

Considerations for English Language Learners (ELLs):

Classroom Instruction:
• Instruction for ESL students will be guided by their WIDA English Language Proficiency

level.  Teachers should receive this level from the ESL teacher assigned to the building.
• General education teachers will be responsible for differentiating instruction for ELLs with

the assistance of the ESL teacher that promotes language, literacy and content learning.
• In the case of Content-Based ESL (CBE), the ESL teacher and the general education

teacher will be responsible for identifying language objectives and additional instructional
strategies that improve proficiency in English and academic success of ELLs.  Instructional
strategies and the necessary scaffolds to promote student learning will be shared with the
general education teacher for daily lessons that are aligned to District Curricula, CCSS, and
WIDA Standards.  The general Education teacher and ESL teacher will be co-teachers for a
predetermined amount of classroom instruction. Grading will be done collaboratively by the
regular and ESL teachers.

Modifications:  The following are possible modifications but are not limited to this list –
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• Direct instruction, small group or pullout, about the contrasting letter sound
correspondences, syllabication patterns and morphology in English supported with
connections to their native language, native language text and/or resources, graphic
organizers, visuals, sentence starters/ sentence frames, cloze activities, modeling, working
with a partner, timeline and phrase wall and adapted text (in English) or specific sections of
the original text, highlighted/bold-faced words within text.

• Draw pictures instead of writing/speaking.
• Match drawings with new vocabulary that might correspond.
• Work in small groups or pairs with their English Only (EOs) peers for authentic content

language talk and grade level modeling.
• Write simple sentences instead of complex sentences that demonstrate an understanding of

academic language particular to specific content.
• Match simple sentences with new vocabulary that might apply to edit sentences.
• Have students provide examples/explanations of the main idea in simple sentences.

Revisions show an attempt to improve Language Control by embedding academic content
vocabulary and Linguistic Complexity by expanding and varying sentence structures and
using correct punctuation.

• Draw pictures instead of writing/speaking about seasonal changes.  Match drawings with
new vocabulary (adjective word wall, content word walls) that might correspond.

• Provide multiple opportunities for authentic speech acts to practice language skills and
develop English fluency.

• Total Physical Response (TPR) to model critical thinking skills like analyze and synthesize.
• Study Guides

In Class Assessments:
• All formative and summative assessments will include modifications that support student’s

English Proficiency level. ESL teachers will collaborate with regular education teachers to
provide appropriate differentiation for assessing ELLs.

Considerations for At Risk Students:

• At Risk students are identified by the I&RS committee in each school.  The committee
works to understand the reasons behind the student’s low performance level in school and
to create and implement a plan that is carried out by a variety of staff members in the
building.

• Teachers with At Risk students are notified by the I&RS committee and provided with a
copy of the plan and a timeframe for assessing the growth of the student.  There are
academic as well as behavioral goals that are listed for the students with recommended
strategies unique to each individual.
Classroom teachers are to follow the plan using instructional strategies that will help the
student improve his/her performance while applying appropriate behavioral strategies
consistent with the needs of the student.

• Teachers will report student progress to the I&RS committee within the specified timeframe
for the plan.

Classroom instruction:

31



• Teachers will use differentiated instruction for At Risk students as they do for all students in
their class.  The strategies would be guided by the I&RS plan and be consistent with the
student’s ability and learning modality.

Modifications:
• Clarify all assignments and place specific timeframes for completion.  Provide student with

opportunity for one on one time for clarification.
• Set clear expectations for all assignments, in and outside of class.  Keep expectations within

the framework of the I&RS plan.
• Use positive reinforcement for all successes.  Hold students to define consequences for not

completing work.
• Provide time outside the normal class time for completion of work.  Not completing

assignments is unacceptable, all assignments will be completed.

In Class Assessments:
• At Risk students should receive any modifications listed in their I&RS plan.
• If necessary, students should be provided with extended time to complete assessments.

Considerations for Gifted and Twice Exceptional (2e) Students:
• Teachers will use differentiated instruction for Gifted Students as they do for all students in

their class.
• Assignments and assessments can be planned and implemented with input from the student.
• Gifted students will be provided with the opportunity to demonstrate their knowledge

through a variety of platforms.
• Teachers will have the latitude to provide assignments with the individual student’s ability

in mind.
• Teachers should utilize professional development resources located on the district’s website

to assist with the implementation of modified work for Gifted and 2e students.
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