	Ohio’s Benchmark:

9-10 ES A: Explain how evidence from stars and other celestial objects provide 
information about the processes that cause changes in 
the composition and scale of the physical universe.

	Ohio’s Indicators

	Grade 9
	Grade 10

	1.
Describe that stars produce energy from nuclear reactions and that processes in stars have led to the formation of all elements beyond hydrogen and helium.

2.
Describe the current scientific evidence that supports the theory of the explosive expansion of the universe, the Big Bang, over 10 billion years ago.
	There are no indicators present for this benchmark.

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on the formation of elements in the cores of stars and evidence supporting the Big Bang Theory. Students explore fusion in the context of energy production within stars with an emphasis on the formation of helium through thermonuclear fusion and awareness that elements up to iron are formed in similar ways. They are able to describe the Big Bang Theory – that the universe began as an infinitely small, infinitely dense, extremely hot point in space and expanded until it cooled and became what we now see. Students also are able to describe the current scientific evidence that supports the Big Bang Theory: 1) that other galaxies appear to be moving away from ours and the farther away the galaxy the faster it is moving indicating that the universe is expanding; and 2) that there is a cosmic microwave background radiation indicating that the universe was once hot and uniform. 
Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include but are not limited to:

· Historical development and emerging issues that pertain to the universe (9-10 ES F);
· Explaining the importance of gravitational forces in the solar system, in the context of teaching the Big Bang Theory (9-10 ES C);
· Discussing atoms and isotopes in the context of teaching thermonuclear fusion in stars,  (9-10 PS A);
· Discussing the difference between fusion and fission, in the context of teaching thermonuclear fusion in stars (9-10 PS F);
· Discussing how visible light is a form of electromagnetic radiation, in the context of understanding how light is used to measure red shift (9-10 PS G);
· Creating models to describe what data support the theory, in the context of understanding the evidence for Big Bang Theory (9-10 SI A);
· Exploring real data that may support the theory, in the context of understanding the Big Bang Theory (9-10 SK A);
· Discussing the meaning of scientific theories in general, in the context of understanding the Big Bang Theory (9-10 SK B).
Connections to the Previous Grade Bands:

Concepts covered in previous grade band include, but are not limited to:

· Stars through their evolutionary stages (6-8 ES B);
· Galaxies as large groups of stars classified by their shapes (6-8 ES B);
· Relative motion (6-8 PS B).
Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade band include:

· Using electromagnetic radiation to learn about astronomical objects (11-12 ES A);
· Using spectra to measure red shift (11-12 ES A);
· Detecting the cosmic microwave background radiation (11-12 ES A);
· The spectra of elements and how they are formed (11-12 PS C);
· How nuclear forces are involved in the process of fusion (11-12 PS D);
· Why stars do not fuse elements heavier than iron (11-12 PS D);

· The Doppler Effect (11-12 PS D).


	Teacher Background

	Science for All Americans (Project 2061 pg. 47-48)

	National Standards-based Education Resources

	National Science
Education Standards
	Science for All
Americans
	Benchmarks for
Science Literacy
	Atlas of Science
Literacy

	Earth and Space 9-12
	Physical Setting

Historical Perspectives
	Physical Setting 4A, 4B (9-12)

	Stars p.47

Galaxies and the Universe p.49
Gravity p.45 (Atlas of Science, Volume 1, 2001)

Solar System p.45 (Atlas of Science, Volume 1, 2001)


	Ohio’s Benchmark:

9-10 ES B: Explain that many processes occur in patterns within the Earth's systems.

	Ohio’s Indicators

	Grade 9
	Grade 10

	4.
Explain the relationships of the oceans to the lithosphere and atmosphere (e.g., transfer of energy, ocean currents and landforms).
	1.
Summarize the relationship between the climatic zone and the resultant biomes. (This includes explaining the nature of the rainfall and temperature of the mid-latitude climatic zone that supports the deciduous forest).

2.
Explain climate and weather patterns associated with certain geographic locations and features (e.g., tornado alley, tropical hurricanes and lake effect snow).

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on Earth systems relationships. Students learn the differences between weather (short-term) and climate (long-term) and how the transfer of energy between Earth's spheres contributes to weather and climate changes. This can include solar radiation, wind and water currents, elevation, latitude and proximity to inland water. Students will learn the causes of unique weather patterns and events, such as flooding, drought, hurricanes, tornados and lake effect snow. Earth's climatic zones are outlined based on geographical location, geologic characteristics, annual precipitation amounts and temperatures (the abiotic factors that are associated with biomes).
Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues that pertain to climate and weather (9-10 ES F); 

· Understanding the relationship between abiotic and biotic components of the environment (9-10 LS F);
· Learning about thermal energy (9-10 PS F);
· Understanding wave behavior (9-10 PS G);
· Explaining that science and technology are used to understand nature (9-10 ST B);
· Using models to predict and analyze natural phenomena, such as climate change or weather patterns (9-10 SI A).
Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Describing interactions between Earth's spheres while learning about weather and introductory information about abiotic factors associated with biomes. (6-8 ES C).
Connections to the Next Grade Bands:

Concepts covered in the next grade bands include, but are not limited to: 

· Learning about Earth's interconnected systems, including long-term climate changes, global patterns in climate and weather, and changes in worldwide weather events (11-12 ES B);
· Effects on the climate due to humans (11-12 ES C);
· Predicting weather on a global scale (11-12 ES B);
· The impact of thermal energy transfers on physical features and weather patterns (11-12 ES B).


	Teacher Background

	Science Matters: Achieving Scientific Literacy p. 219, 1991

	National Standards-based Education Resources

	National Science
Education Standards
	Science for All
Americans
	Benchmarks for
Science Literacy
	Atlas of Science
Literacy

	Content Standard D, Earth and Space 9-12
	Physical Setting


	Physical Setting 4B and 4C (grades 9-12)

	The Physical Setting, Weather and Climate, p.20 (Volume 2, 2007)

Changes in Earth's Surface, 

p.50 (Volume 1, 2001)




	Ohio’s Benchmark:

9-10 ES C: Explain the 4.5 billion-year-history of Earth and the 4 billion-year-history of life on Earth based on observable scientific evidence in the geologic record.

	Ohio’s Indicators

	Grade 9
	Grade 10

	3.
Explain that gravitational forces govern the characteristics and movement patterns of the planets, comets and asteroids in the solar system.
	3.
Explain how geologic time can be estimated by multiple methods (e.g., rock sequences, fossil correlation and radiometric dating).

4.
Describe how organisms on Earth contributed to the dramatic change in oxygen content of Earth's early atmosphere.

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on the history of Earth. Teachers should present scientific data pertaining to the different methods of determining the age of the Earth, the geologic time scale, evidence of the first known life on Earth and general, observable trends in Earth's history, such as mass extinctions, ice ages, meteoric impacts, movement of continents over time, changes in the atmosphere, and general evolutionary trends based on fossil evidence.
Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues that pertain to Earth's history (9-10 ES F); 

· Understanding the evolutionary relationships between species (9-10 LS E);
· Learning that changes in the environment can impact species over time (9-10 LS F);
· Explaining the progression of life on Earth depicted in the fossil record and the role of evolutionary mechanisms in the diversity of species (9-10 LS H);
· Understanding the general process of nuclear decay (9-10 PS F).
Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Learning about rock and mineral formation (6-8 ES D); 
· Understanding that the fossil record can be used to comprehend environmental changes that have occurred over time (6-8 LS D).
Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to: 

· Learning about early Earth and the formation of the solar system (11-12 ES A); 

· Describing the specific gases and particulates in the atmosphere (11-12 ES B);
· Understanding how geologic time is estimated (11-12 LS D).


	Teacher Background

	Science Matters: Achieving Scientific Literacy p. 219, 1991

	National Standards-based Education Resources

	National Science
Education Standards
	Science for All
Americans
	Benchmarks for
Science Literacy
	Atlas of Science
Literacy

	Content Standard D, Earth and Space 9-12
	Physical Setting


	Physical Setting 4B and 4C (grades 9-12)

	The Physical Setting, Weather and Climate, p.20 (Volume 2, 2007)

Changes in Earth's Surface, 

p.50 (Volume 1, 2001)




	Ohio’s Benchmark:

9-10 ES D: Describe the finite nature of Earth's resources and those human activities 
that can conserve or deplete Earth's resources.

	Ohio’s Indicators

	Grade 9
	Grade 10

	There are no indicators present for this benchmark.

	5.
Explain how the acquisition and use of resources, urban growth and waste disposal can accelerate natural change and impact the quality of life.

6.
Describe ways that human activity can alter biogeochemical cycles (e.g., carbon and nitrogen cycles) as well as food webs and energy pyramids (e.g., pest control, legume rotation crops vs. chemical fertilizers).

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on Earth’s resources. Students learn how the resources are obtained, their specific uses and practices for disposal. Students also learn how the biogeochemical cycles can be influenced by humans, including how building, development, industry, human population increases and agriculture can affect the environment. New technology and research can lead to improved practices that may reduce environmental impact and conserve Earth's resources. Related topics include mining, how coal forms, soil and pollution due to acid coal mining. 
Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues that pertain to Earth's resources (9-10 ES F); 

· Describing how humans can impact natural systems, including understanding resource use versus the quality of life (9-10 LS G);
· Learning about nuclear energy as it relates to disposal of radioactive waste (9-10 PS F);
· Understanding the role of public policy and land use, including comprehending the natural world and how technology can be used to meet the needs of society (9-10 ST B).
Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Learning about the hydrologic cycle and Earth's ability to absorb materials, including a study of fresh water availability and water pollution (6-8 ES C);
· Describing renewable and non-renewable resources and how to manage these resources (6-8 PS C).
Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Understanding the impact of specific types of contamination created by humans, depletion of Earth's resources, and climate change (11-12 ES C);
· Learning about how human pollution impacts the Earth (11-12 LS B);
· Understanding how human choices impact the quality of life on Earth (11-12 LS F).


	Teacher Background

	Science Matters: Achieving Scientific Literacy p. 219, 1991

	National Standards-based Education Resources

	National Science
Education Standards
	Science for All
Americans
	Benchmarks for
Science Literacy
	Atlas of Science
Literacy

	Content Standard D, Earth and Space 9-12
	Physical Setting


	Physical Setting 4B and 4C (grades 9-12)

	The Physical Setting, Weather and Climate, p.20 (Volume 2, 2007)

Changes in Earth's Surface, 

p.50 (Volume 1, 2001)




	Ohio’s Benchmark:

9-10 ES E: Explain the processes that move and shape Earth's surface.

	Ohio’s Indicators

	Grade 9
	Grade 10

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

a.
thermal energy transfer (conduction and convection) from the deep interior;

b.
the action of gravitational forces on regions of different density.

6.
Explain the results of plate tectonic activity (e.g., magma generation, igneous intrusion, metamorphism, and volcanic action, earthquakes, faulting and folding).

7.
Explain sea-floor spreading and continental drift using scientific evidence (e.g., fossil distributions, magnetic reversals and radiometric dating).
	There are no indicators present for this benchmark.

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on the factors that shape Earth's lithosphere. The specific forces that cause Earth's tectonic plates to move and the types of energy transfers that take place within Earth are studied. Thermal energy, including radioactive decay within Earth's core, conduction and convection currents in the outer core and mantle, is traced through the interior layers of Earth. The role that gravity plays in Earth's interior and convection currents is included in the explanation of energy transfer. Students learn why specific geologic events or features are consistently found at particular plate boundaries, such as metamorphism (folding, faulting, earthquakes, compression), and igneous activity (volcanic activity, hydrothermal vents, geysers, earthquakes, hot springs). In addition to understanding the mechanisms and results of plate tectonics, the historical development of the plate tectonic theory through the scientific observations of scientists such as Alfred Wegener (continental drift) and Harry Hess (sea-floor spreading) should be detailed.
Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues that pertain to plate tectonics (9-10 ES F); 

· Understanding conduction and density (9-10 PS C);
· Learning about energy transfers and changes, including learning about radioactive decay, convection and conduction (9-10 PS F);
· Explaining seismic wave behavior as it applies to earthquakes and seismology (9-10 PS G);
· Understanding the role of technology in the support of the theory of plate tectonics and natural disasters (9-10 ST A, ST B).
Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Learning about the interior of Earth, types of plate boundaries, features that are found at plate boundaries, metamorphism and volcanic activity (6-8 ES E); 
· Identifying different forms of energy and how energy is transferred, and learning about different types of waves, specifically seismic waves (6-8 PS D).
Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Understanding the interactions between the lithosphere and atmosphere as it relates to volcanic activity (11-12 ES B); 

· Describing how wavelength, direction and velocity can be used in seismology to analyze earth movements and how gravitational forces act between masses (11-12 PS D).


	Teacher Background

	Science Matters: Achieving Scientific Literacy p. 219, 1991

	National Standards-based Education Resources

	National Science
Education Standards
	Science for All
Americans
	Benchmarks for
Science Literacy
	Atlas of Science
Literacy

	Content Standard D, Earth and Space 9-12
	Physical Setting


	Physical Setting 4B and 4C (grades 9-12)

	The Physical Setting, Weather and Climate, p.20 (Volume 2, 2007)

Changes in Earth's Surface, 

p.50 (Volume 1, 2001)




	Ohio’s Benchmark:

9-10 ES F: Summarize the historical development of scientific theories and ideas, and describe emerging issues in the study of Earth and space sciences.

	Ohio’s Indicators

	Grade 9
	Grade 10

	8.
Use historical examples to explain how new ideas are limited by the context in which they are conceived; are often initially rejected by the scientific establishment; sometimes spring from unexpected findings; and usually grow slowly through contributions from many different investigators (e.g., heliocentric theory and plate tectonics theory).
	7.
Describe advances and issues in Earth and space science that have important long-lasting effects on science and society (e.g., geologic time scales, global warming, depletion of resources and exponential population growth).



	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on historical development and emergence within Earth and Space sciences. This benchmark is not meant to be taught in isolation, but incorporated into each of the Earth and Space Science Benchmarks (A-E). For example, learning about the development of plate tectonics by studying historical theories, observations and ideas (including seafloor spreading and continental drift) should be included in 9-10 ES E. Detailing the changes of theories and ideas through scientific observation over time contributes to a deeper understanding of all benchmarks.


	Teacher Background

	Science Matters: Achieving Scientific Literacy p. 219, 1991

	National Standards-based Education Resources

	National Science
Education Standards
	Science for All
Americans
	Benchmarks for
Science Literacy
	Atlas of Science
Literacy

	Content Standard D, Earth and Space 9-12
	Physical Setting


	Physical Setting 4B and 4C (grades 9-12)

	The Physical Setting, Weather and Climate, p.20 (Volume 2, 2007)

Changes in Earth's Surface, 

p.50 (Volume 1, 2001)
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