
Connecting to the Next Generation Science Standards (NGSS Lead States 2013)
	Standard
The chart below makes one set of connections between the instruction outlined in this article and the NGSS.  Other valid connections are likely; however, space restrictions prevent us from listing all possibilities.

Building Towards Performance Expectation 

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-ESS1-3. 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

	Dimensions
	Classroom Connections

	Science and Engineering Practices
Using Mathematical and Computational Thinking
Use mathematical or computational representations of phenomena to describe explanations. (HS-ESS1-4)
Constructing Explanations and Designing Solutions
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.
Apply scientific reasoning to link evidence to the claims to assess the extent to which the reasoning and data support the explanation or conclusion.
Engaging in Argument from Evidence
Make and defend a claim based on evidence about the natural world or the effectiveness of a design solution that reflects scientific knowledge and student-generated evidence.
Obtaining, Evaluating, and Communicating Information
Critically read scientific literature adapted for classroom use to determine the central ideas or conclusions and/or to obtain scientific and/or technical information to summarize complex evidence, concepts, processes, or information presented in a text by paraphrasing them in simpler but still accurate terms.
Compare, integrate and evaluate sources of information presented in different media or formats (e.g., visually, quantitatively) as well as in words in order to address a scientific question or solve a problem.
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)
Analyzing and Interpreting 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.
	Students use mathematical representations of eccentricity to describe the shape of exoplanets’ orbits, describe star characteristics (H-R Diagram), and understand exoplanet detection methods. 

Students construct multiple scientific explanations based on evidence as formative assessments throughout the unit.

Students use scientific reasoning to link their evidence to their claims in the final project CER.

Student’s make a claim and support that claim with evidence as their final project CER.

Students read a variety of differentiated articles and scientific websites and summarize the main ideas and important information from these sources in their own words to be used as reasoning in their explanations.

Students examine evidence presented in charts, graphs, on websites, and in articles to answer the scientific question for their final project.

Students write both a CER and create a Google Slide to communicate which exoplanet they believe is likely to be habitable and why.

Students analyze exoplanet data using visualizations and models to make their claim.

	Disciplinary Core Ideas
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-ESS1-3)
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-ESS1-3)
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)
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.
	
Students learn the characteristics of the Sun that help support life on Earth including that it is a G-type or yellow dwarf star and that it is on the main sequence.

Students analyze star brightness data on the H-R diagram and learn how light spectra is used to determine the composition of stars and the atmosphere of exoplanets.

Students evaluate the mass of host stars and their estimated lifespan resulting from their rate of nuclear fusion as a factor in determining exoplanet habitability.



Students analyze the shape of orbits based on their eccentricity.





Students discuss how radiation from the Sun supports life on Earth and analyze how the rate of fusion in other stars impact their lifespans.


Students use spectroscopy data to understand the elements inside stars and exoplanet atmospheres.


	Crosscutting Concepts
Patterns
Empirical evidence is needed to identify patterns.
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 v s. 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.
In nuclear processes, atoms are not conserved, but the total number of protons plus neutrons is conserved. (HS-ESS1-3)
Stability and Change
Much of science deals with constructing explanations of how things change and how they remain stable.
	
Students analyze data to identify patterns in stars and exoplanets.


Students consider the distance between objects in space when comparing data of different exoplanets.

Students analyze the H-R Diagram to determine how stars change over their lifespan.

Students consider the exoplanet’s proximity to its host star to determine habitability.

Students evaluate the stability of exoplanets and their host stars to identify an exoplanet they believe could be habitable.



Connections to the Common Core State Standards (NGAC and CCSSO 2010)
	ELA
CCSS.ELA-LITERACY.WHST.9-10.1 Write arguments focused on discipline-specific content
CCSS.ELA-LITERACY.WHST.9-10.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes. (HS-ESS1-3)
CCSS.ELA-LITERACY.RST.9-10.4 Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9-10 texts and topics.
CCSS.ELA-LITERACY.WHST.9-10.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant for a specific purpose and audience.
CCSS.ELA-LITERACY.WHST.9-10.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.
CCSS.ELA-LITERACY.RST.9-10.1 Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions. (HS-ESS1-1)
CCSS.ELA-LITERACY.RST.9-10.2 Determine the central ideas or conclusions of a text; trace the text's explanation or depiction of a complex process, phenomenon, or concept; provide an accurate summary of the text.
CCSS.ELA-LITERACY.RST.9-10.4 Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9-10 texts and topics.
CCSS.ELA-LITERACY.RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.
CCSS.ELA-LITERACY.SL.9-10.1 Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9-10 topics, texts, and issues, building on others' ideas and expressing their own clearly and persuasively.
CCSS.ELA-LITERACY.SL.9-10.4 Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task. (HS-ESS1-3)
CCSS.ELA-LITERACY.SL.9-10.5 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.

	Mathematics
MP.2 Reason abstractly and quantitatively. (HS-ESS1-1), (HS-ESS1-3), (HS-ESS1-4)
MP.4 Model with mathematics. (HS-ESS1-1), (HS-ESS1-4)
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