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[bookmark: _wn6lwwkk18bq]Appendix A: Teacher Background Information

In this unit, students will learn about Earth’s systems and natural resources. Students discover ways that humans use natural resources and the human impacts on Earth’s systems. Students learn how humans can change behaviors to reduce impacts on the environment. 
Four Systems
Environmental science and Earth science study the interactions of four major systems or “spheres.” These spheres are the atmosphere, biosphere, hydrosphere and the geosphere.
Atmosphere refers to air on Earth. Examples are oxygen, nitrogen and carbon dioxide. 
Biosphere refers to life on Earth, including humans. 
Hydrosphere refers to ALL forms of water on Earth. Examples are oceans, lakes, rivers, groundwater, glaciers, polar ice caps, rain or snow. A cloud is also an example of the hydrosphere because it is water droplets.
Geosphere refers to land on Earth. Examples are the Earth’s core, the mantle and the crust. The continents, the ocean floor, rocks, sand, mountains, dust, metals, asphalt, and bricks are more examples. Basically, the geosphere refers to the rocky part of our planet. 
When spheres interact it is called sphere interaction.
Natural Resources
Natural resources come from nature AND are used by humans for something useful. An item is considered not to be a natural resource if either it is made by humans OR humans don’t use the item for anything useful. For example trees are a natural resource because they come from nature and humans use them to produce paper, fuel, lumber and other products.  On the other hand, plastic is used by people, but it is not found in nature. Plastic is not a natural resource. 
Renewable vs Nonrenewable Resources
Renewable resources are resources that are natural (come from nature) and can be replaced by nature faster than they are being used.  Renewable resources are resources that will never run out or can be replenished quickly.  Some examples of renewable resources that are used for energy are rivers, trees, rocks (nuclear), sunlight, and wind. Renewable sources of energy usually produce less pollution, which in turn is better for the environment.
Nonrenewable resources are not being replaced by nature OR they are not replaced fast enough. Examples of non-renewable resources that are used for energy are coal and oil.
Factors like cost, impacts to the environment, reliability and local availability assist people in making the choice of which energy resource they use. For example, people that live in cloudy areas would not choose solar power for a renewable energy source. However, if you live in a very windy area, you may choose wind turbines.
Human Impact
Humans impact the Earth both positively and negatively. This unit looks at some of the activities that humans do and relates them to which spheres it is affecting (both positively or negatively). For example, if I pick up trash I am helping both the hydrosphere and the geosphere because I keep the trash out of the water and off the land. However, if I leave the lights on when I am not in a room I am negatively impacting the Earth. This action affects the atmosphere because coal is being burned and the geosphere because coal is mined. This unit focuses a lot on water and how humans can conserve the amount of water they use due to the limited supply of fresh water available on Earth.
Students will learn about these big ideas through the lens of farming and animal waste. Farms include all of Earth's systems. Many interactions between these systems occur on farms in order to grow food. Farms use natural resources also. For example, farms utilize fossil fuels for energy to power buildings and equipment, and water for animals and crops. These activities can have an impact on the environment. The burning of fossil fuels can lead to air pollution. Since freshwater is limited on Earth, using too much water can deplete it. Farms also can generate waste, which can affect air and water quality. Even though this unit focuses on farming, it is important to note that farming is only one contributor to environmental issues. Additionally, there are many practices that farmers can and do incorporate in order to limit their impact on the environment. Students will explore one of these solutions in depth; using biodigesters to minimize waste and create energy. Regenerative grazing is another solution implemented on many farms to address environmental issues. 

FURTHER READINGS AND RESOURCES
For further reading about curriculum resources:
http://www.need.org/educators
http://www.need.org/files/curriculum/guides/Elementary%20Energy%20Infobook.pdf

For further reading about non-renewable and renewable energy resources:
http://ww2.kqed.org/quest/2014/02/13/nonrenewable-and-renewable-energy-resources-2/

For further reading about Earth’s four spheres:
https://gml.noaa.gov/outreach/info_activities/pdfs/TBI_earth_spheres.pdf 

For further reading about Earth systems interactions:
https://www.csun.edu/science/books/sourcebook/chapters/8-organizing/files/earth-systems-interactions.html

For further reading about what clouds are made of:
https://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-are-clouds-k4.html 

For further reading about condensation and the water cycle:
http://water.usgs.gov/edu/watercyclecondensation.html

For further reading about the role of water in our lives:
http://www.discoverwater.org

For further reading on farming solutions to environmental issues:
Manure in Organic Production Systems
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Appendix B: Read-Aloud Guides
Lesson 7 Read-Aloud Guide: 
[bookmark: _bu5ppldw9bd3]Energy Island
by Allan Drummond
Note 1: In the lesson the book is used in small groups independently, it could also be used as a teacher read-aloud.  If using as a read-aloud, use the discussion questions below to pause after certain pages as you go along. 
Note 2: The pages of Energy Island are not numbered.  The first page of the story is page 2.
Pages 2-6:  Read as written. Discuss with students ways that the Samsø community is similar to the community the students live in.
Pages 7-11:  Read as written. Discuss with students the reasons why the teacher, Mr. Hermansen, suggested using renewable resources.
Pages 12-13: Read as written. Ask students: What are some reasons the grownups are opposed to the idea of using wind energy?
Pages 14-17:  Read as written. Ask students: At first the grownups were opposed to the idea, how did their ideas change over time?
Pages 18-23:  Read as written. Ask students: What event in the story led to other grownups on the island asking how they could make energy of their own?
Pages 24-31:  Read as written. Ask students: How did life on Samsø Island change by the end of the story? 


















Lesson 7 Read-Aloud Guide: 
[bookmark: _amjfjzit9d6i]
[bookmark: _p4cdyxwz04p6]The Tree Lady
by Joseph Hopkins
Note: The pages of this book are not numbered.  The first page of text (with the brown handprints) is page 2.
Pages 2-11: Ask: What are the ways Kate was different from her friends? 
Pages 12-21: Ask: How do you think the biosphere was impacted by Kate’s decision to plant trees?
Pages 22-31: Discuss with students ways that the spheres were impacted by the new trees.  Prompt them to consider how the atmosphere, geosphere, and hydrosphere were likely impacted.  If students are not specific, prompt them to discuss specific impacts. Point out that trees help take in carbon dioxide from the atmosphere, which can help remove carbon dioxide and help reduce the harmful effects of it.
After Reading:  How does Kate Sessions’ actions compare to Søren Hermansen’s actions? (If needed, remind students that Søren Hermansen was the teacher who led the energy independence project in the book Energy Island.)  San Diego and Samsø were both changed by the actions of one person who inspired the community to make changes.  Do you know of anyone in our community who is working to inspire the community for positive environmental change? Allow students time to discuss.









Lesson 8 Read-Aloud Guide: 
[bookmark: _d0fzmbj26fw8]The Boy Who Harnessed the Wind
by William Kamkwamba and Bryan Mealer
Before Reading: Display the Engineering Design Cycle (Student Journal Page 7) to refer to as you read.  
Note: This book’s pages are unnumbered.  The first page with text to read is page 3.
Pages 2-5:  Read text as written.  At page 5 stop and ask, What evidence do you have that witch planes and ghost dancers are not really in William’s room? (The text mentioned tales of magic.)
Pages 6-9:  Read text as written.  At page 9 stop and ask:  What problem is the village having? (There’s no rain, the sun is scorching the maize and turning it to dust, so there’s no food to feed the village and they are starving.)
Pages 10-13:  Read text as written. What are the ways the lack of rain affects William and his family? (They could only eat one meal a day (hunger), they had less money, William had to stop going to school.)  Direct attention to the Engineering Design Cycle Step 1: Identifying a Problem/Need.  Discuss with students the problem William identified and the idea he has for a solution.  
Pages 14-17:  Read text as written.  What do you think the word “misala” means when they said “This boy is misala.”?  What clues does the text give you about the meaning of that word? Misala means crazy or madness in Chichewa, one of the languages spoken in Malawi. 
Turn attention back to the Engineering Design Cycle.  Ask students:  How did William research and brainstorm before he started to collect materials?  (He went to the library and found science books with pictures of windmills.  He read about engines and windmills that could produce electricity and pump water.)  What did William do next? (He started to collect materials from the junkyard to use for his windmill design.)
Pages 18-25:  Read text as written.  If students ask about the vocabulary, here is a guide:
Muli bwangi means hello.  Panga is a machete.  Tonga is a celebratory cheer.
On page 25 refer back to the Engineering Design Cycle, ask: William constructed his prototype from the materials he gathered, how did he test it? (After he had collected some energy from the windmill blades turning around he connected wires to a bulb and the bulb lit up.) Which step is he at now that he tested his prototype?
Pages 26-27: Read text as written. Refer to Engineering Design Cycle ask students: How did William get feedback from others and evaluate his design?  How did he know that it could be successful?
Pages 28-29: Read text as written.  After reading, make connections between Energy Island and this story.  Ask students how the characters changed their communities in a positive way. 





[bookmark: _6b1p8zwjuqqs]
Appendix C: Handouts / Teacher Pages
Unit Driving Question Board and Summary Table Example

	We need farms to grow food, but the process of producing food for all of us can harm Earth systems.
What is an Earth system?
How do farmers produce food?
What all is on a farm?
Why would growing food harm an Earth system?
Are there positive impacts from growing food?
Do all the things grown on a farm have the same impact?
























	

Section 1: How are farms part of Earth’s systems?


	Activity + Observations
	What I learned
	How it connects to the anchoring problem and driving questions

	Lesson 1: Nature Walk

	I observed different living and nonliving things outside and categorized them based on patterns. I learned about different Earth systems, and used that information to recategorize my observations based on the system they connected to. 
We can classify the parts of the Earth by what they are made of- hydrosphere (liquid water), atmosphere (air), geosphere (land), and biosphere (organisms). 
	Farms are human-designed, but they include Earth’s systems. For example, farms may have ponds (hydrosphere), plants and animals (biosphere), soil to grow things (geosphere). 

	Lesson 2: Earth’s Systems Interaction Game
I observed different examples of two Earth systems interacting. For example, when it rains (hydrosphere) a desert flower blooms (biosphere).. 
	Different Earth systems interact and  the interaction of one Earth system can affect the function of another Earth system. 
	Similar to the natural world, the Earth systems present on a farm interact. For example, the hydrosphere interacts with the biosphere when farmers water their crops. The atmosphere interacts with the biosphere when the farmer and animals breathe in the air around the farm.

	Section 2: How does our use of natural resources on farms affect Earth’s systems?

	Activity + Observations
	What I learned
	How it connects to the anchoring problem and driving questions

	Lesson 3: Natural Resources in My Daily Life + Research

I tracked my day to think about how I am connected to Earth systems. I observed my routines require  things like water, energy, minerals, etc. 
	Natural resources are Earth materials, such as air, water, soil, and energy that are used by humans to live. Some resources are non-renewable (coal, natural gas, oil), meaning they do not replenish on human timescales.
	Farms use a variety of natural resources. They use fossil fuels to power their tractors and their homes. They use water for the plants and animals. They use wood or metal to build the barns for the animals. 

	Lesson 4: Human Impact Research

I observed that there is a link between asthma and pollution. I researched factors that cause air pollution. I also researched another example of how our use of natural resources can affect Earth’s systems
	The use of fossil fuels for energy causes pollution and can have negative impacts on human health, and Earth systems. 
	The fossil fuels used on farms to power their tractors and buildings can pollute the air that we breathe. This can have negative impacts on our health. 

	Lesson 5:  Graphing Earth’s Water

I created a graph from a data table to show how water is distributed on Earth. I watched a video about the Ogallala aquifer, and how it is getting depleted.
	The amount of freshwater available for human use is limited. Many activities, including farming,  can deplete water resources. 
	Farmers often use groundwater to water their crops, but the amount of available groundwater is decreasing.  This is a problem because there is not a lot of freshwater on Earth compared to the total amount of water.

	Lesson 5: River Runner

I observed an interactive that showed how water moves from place to place. I had a discussion about what might happen if animal poop gets into the water. 
	Human activities can cause water resources to become polluted. 
	When farmers have animals on their farms they produce a lot of waste. The animal waste can get into rivers and streams when it rains. This is a problem because there it can pollute the freshwater and only a small percentage of water on Earth is freshwater.

	Lesson 6: Design A Biodigester

I observed a balloon inflate when it was placed on top of a bottle filled with waste. 
	Animal waste can create natural gas. We can use experimental design to consider how to opitimize the amount of gas produced from waste in a biodigester. 
	One solution to the problem of animal waste is to create a biodigester that can be used to store the animal waste, but also to produce natural gas that could be used on the farm. 

	Section 3: How can farmers use resources wisely to protect Earth’s systems?

	Activity + Observations
	What I learned
	How it connects to the anchoring problem and driving questions

	Lesson 7: Energy Island Research

I read a book and article, and watched a video about an Island in Denmark that started using renewable resources. 
	Humans can make changes to how we use natural resources for energy that have less harmful impacts on Earth systems. One way to do this is by using renewable resources such as wind, solar, water, and biofuel.
	Farms can use different renewable energy sources to power their tractors and buildings. Two examples are wind turbines or solar panels that can be used for electric power.

	Lesson 8: Designing a Wind Turbine

I observed that wind can cause the blades on a turbine to move, and that this can lift a bucket of pennies. I also observed that different designs work better than others. 
	Wind turbines can be used to harness energy from the wind, and transfer it to energy that can be used as a resource. You can use the engineering design cycle to develop and test solutions, and make improvements to these solutions using evidence and feedback from others. 
	Farms can use wind turbines for tasks such as watering their crops or providing energy to their homes. They do this by transferring energy from the movement of the wind to complete the task. It is important that they build the blades of the wind turbine in order to transfer the most energy. 

	Lesson 9: Biodigester Analysis

I analyzed the data from the biodigester investigation and communicated the result to the class. 

Pros and Cons of Wind Energy and Biodigesters

I watched videos and read articles about the pros and cons of each of the solutions we designed. 
	Biodigester technology is used in a specific way so that the most natural gas is produced from animal and food waste. This technology harms the Earth less than fossil fuel use. Farms have a lot of space that can be used for wind turbines and/or biodigesters. Even renewable energy sources have some disadvantages, so it is best to have a wide variety of renewable energy sources. 
	Farms could use renewable resources such as wind and animal waste in place of fossil fuels to protect Earth’s resources. This is important because Earth systems interact, and farms are part of these systems. When farms use fossil fuels for energy and water, it can take a long time for these resources to replenish. This is because fossil fuels are nonrenewable, and there is a limited amount of freshwater on Earth. Also, animal waste can pollute the atmosphere and hydrosphere, but biodigesters provide a solution to this problem by containing the waste and using it to make natural gas that can be burned for fuel.


[bookmark: _cdz6a28grgyj]

Lesson 5 Water Demonstration Procedure

1. Have the 100 mL graduated cylinder filled with water.  
2. Put a few drops of food coloring so that the students can see the water level.
3. Tell the students:  The water in this cylinder represents all of the water on Earth.  Remind the students that humans can’t drink salty water, only freshwater.  Remind students of the percentages they saw in the data table. 
4. Next, take out the 10 mL graduated cylinder and use the pipette to put 2.5 mL into it from the 100 mL graduated cylinder. Remind students that only 2.5% of all water on Earth is freshwater (2.5 mL out of 100 mL = 2.5%). The rest of the water on Earth is saltwater. 
5. Set the saltwater 100mL graduated cylinder aside. 
6. Say to students: Many people on Earth get their drinking and farming water from groundwater.  Let’s show how much of our freshwater is from the ground. Look at the chart and see that about 30% of our freshwater comes from groundwater. Use the pipette to put 0.75 mL of the 10mL cylinder into one half of the Petri dish (0.75mL is 30% of 2.5mL).
7. Finally, say to students: Many people on Earth get their drinking and farming water from lakes and rivers, too. Let’s show how much of our freshwater is from rivers and lakes. Look at the chart and see that about ¼ of 1 percent of our freshwater comes from rivers and lakes. Use the pipette to take 1 drop out of the 10 mL graduated cylinder and put it into the other half Petri dish (one drop is the best representation of this tiny fraction of water- it would actually be 0.00675mL, too small to measure with the tools we have). 
8. Say to students: The other freshwater that is left behind is locked up in ice where we can’t easily use it. 
9. Give students time to compare the amounts of fresh, usable water compared to the total amount of water on Earth. 
[bookmark: _lmj7tlojdou3][bookmark: _y6396fx7vf9u]
Parent/Guardian Letter mySci Unit 22: Using Our Resources Wisely
  
Dear Parent or Guardian,
In our upcoming mySci Unit, Using Our Resources Wisely, students will figure out key earth science components through the lens of farming. They will consider the animal waste generated on farms, and the effects of all of this waste. Students will first explore the different parts of our planet, such as the atmosphere. They will make a model to show how all parts of the Earth are connected. Students will continue their learning by considering how humans use Earth’s natural resources for daily life and as energy sources. Finally, students will explore how we can understand science ideas in order to use our resources in a way that does not negatively affect the environment. Students will be challenged to design a biodigester that can use food waste to produce gas as an energy source.
School-Home Connections
During this unit, it is a great time to consider how you use natural resources in your home such as food, water, wood, rocks, oil, and natural gas. Discuss how much of these resources you use on a daily basis, and where these resources come from. Make connections to the clothes they should wear depending on weather. Discuss your favorite family activities, and trace all of the materials needed back to a natural product (for example, if you play a board game, the cardboard might have come from plants, and the plastic pieces came from oil). 
Experiential Learning Ideas
· Go outside and make a list of all of the different parts of the Earth you see. Your child can categorize which sphere they belong to.
· When you get groceries, look at where the different ingredients come from. How far did they have to travel? What does that mean about the energy needed to get that product to you?
· When you get energy or water bills, look at them with your child. How much does it cost per month for these resources? Why is it important to not waste energy or water in your home? 
· With your child, develop a plan for using less energy, water, or plastic products in your home. 
· Build a compost bin, or contribute to a neighborhood compost bin. 
· Assess your use of fertilizers on your lawn and garden. Discuss-where will the fertilizer go when it rains in the yard? Why does this matter?
[image: mySci logo]
Thank you for your support in your child’s science explorations!
Sincerely, Your child’s teacher
[bookmark: _ux0fuyx8wzw0][bookmark: _nlmsm1y8lpbv]
Carta para los Padres/Tutores mySci Unidad 22: Usando Sabiamente Nuestros Recursos
  
Estimado Padre o Tutor,
En nuestra próxima Unidad mySci, Usando Sabiamente Nuestros Recursos, los estudiantes descubrirán los componentes clave de las ciencias de la tierra a través de la lente de la agricultura. Considerarán los desechos animales generados en las granjas y los efectos de todos estos desechos. Los estudiantes primero explorarán las diferentes partes de nuestro planeta, como la atmósfera. Harán un modelo para mostrar cómo están conectadas todas las partes de la Tierra. Los estudiantes continuarán su aprendizaje considerando cómo los humanos usan los recursos naturales de la Tierra para la vida diaria y como fuentes de energía. Finalmente, los estudiantes explorarán cómo podemos entender las ideas científicas para usar nuestros recursos de una manera que no afecte negativamente al medio ambiente. Los estudiantes tendrán el desafío de diseñar un biodigestor que pueda utilizar los desechos de alimentos para producir gas como fuente de energía.
Conexiones entre la Escuela y el Hogar
Durante esta unidad, es un buen momento para considerar cómo usan los recursos naturales en su hogar, como alimentos, agua, madera, rocas, petróleo y gas natural. Analice cuántos de estos recursos utiliza a diario y de dónde provienen. Haga conexiones con la ropa que deben usar dependiendo del clima. Discuta sus actividades familiares favoritas y rastree todos los materiales necesarios hasta un producto natural (por ejemplo, si juega un juego de mesa, el cartón puede provenir de plantas y las piezas de plástico provienen del petróleo).
Ideas de Aprendizaje Experiencial
· Salgan y hagan una lista de todas las diferentes partes de la Tierra que ven. Su hijo puede categorizar a qué esfera pertenece.
· Cuando compre alimentos, fíjense de dónde provienen los diferentes ingredientes. ¿Qué tan lejos tuvieron que viajar? ¿Qué significa eso acerca de la energía necesaria para hacer llegar ese producto?
· Cuando reciba facturas de energía o agua, mirenlas con su hijo. ¿Cuánto cuesta al mes por estos recursos? ¿Por qué es importante no desperdiciar energía ni agua en su hogar?
· Con su hijo, desarrolle un plan para usar menos energía, agua o productos plásticos en su hogar.
· Construya un contenedor de abono o contribuya a un contenedor de abono del vecindario.
· Evalúe su uso de fertilizantes en su césped y jardín. Discuta: ¿a dónde irá el fertilizante cuando llueva en el jardín? ¿Por qué importa esto?
[image: ]
       ¡Gracias por su apoyo en las exploraciones científicas de su hijo!
        Sinceramente, 
        El maestro(a) de su hijo
[bookmark: _qnyljkax63z0]Appendix D: NGSS/CCSS/MLS
Unit 22: Using Our Resources Wisely
NEXT GENERATION SCIENCE STANDARDS / MISSOURI LEARNING STANDARDS
NGSS codes begin with the grade level, then the Disciplinary Core Idea code, then a standard number.
MLS codes begin with the grade level, then the Disciplinary Idea code, followed by a letter and number.
The Disciplinary Core Ideas are:
	Physical Sciences
PS1: Matter and its interactions
PS2: Motion and stability: Forces and interactions
PS3: Energy
PS4: Waves and their applications in technologies for information transfer
Life Sciences
LS1: From molecules to organisms: Structures and processes
LS2: Ecosystems: Interactions, energy, and dynamics
LS3: Heredity: Inheritance and variation of traits
LS4: Biological evolution: Unity and diversity
	Earth and Space Sciences
ESS1: Earth’s place in the universe
ESS2: Earth’s systems
ESS3: Earth and human activity
Engineering, Technology, and Applications of Science
ETS1: Engineering design
ETS2: Links among engineering, technology, science, and society


For more information about NGSS, visit http://www.nextgenscience.org/next-generation-science-standards
For more information about MLS, visit https://dese.mo.gov/college-career-readiness/curriculum/missouri-learning-standards#mini-panel-mls-standards3
Note: The MLS codes are listed in parentheses in the tables below.

[bookmark: _1n5p3urw6xjq][bookmark: _xigtpu6i3imi]NGSS 3-Dimensions by Lesson
	[bookmark: _kgt7gzt7rk6m]Section 1

	
	[bookmark: _hq039923h20j]Lesson 1
	[bookmark: _t6al64grpkyz]Lesson 2

	PE
	5-ESS2-1. (5.ESS2.A.1)
	5-ESS2-1. (5.ESS2.A.1)

	DCI
	ESS2.A: Earth Materials and Systems  Earth’s major systems are the geosphere (solid and molten rock, soil, and sediments), the hydrosphere (water and ice), the atmosphere (air), and the biosphere (living things, including humans). These systems interact in multiple ways to affect Earth’s surface materials and processes. The ocean supports a variety of ecosystems and organisms, shapes landforms, and influences climate. Winds and clouds in the atmosphere interact with the landforms to determine patterns of weather

	ESS2.A: Earth Materials and Systems  Earth’s major systems are the geosphere (solid and molten rock, soil, and sediments), the hydrosphere (water and ice), the atmosphere (air), and the biosphere (living things, including humans). These systems interact in multiple ways to affect Earth’s surface materials and processes. The ocean supports a variety of ecosystems and organisms, shapes landforms, and influences climate. Winds and clouds in the atmosphere interact with the landforms to determine patterns of weather

	SEP
	Developing and Using Models
Develop a model using an example to describe a scientific principle.
	Developing and Using Models
Develop a model using an example to describe a scientific principle.

	CCC
	System and System Models
A system can be described in terms of its components and their interactions.
	System and System Models
A system can be described in terms of its components and their interactions.


[bookmark: _1kgwcs7du7dc]


	[bookmark: _9i0jfrwrcsql]Section 2

	
	[bookmark: _bu9h1rkt7vz]Lesson 3
	[bookmark: _1jwob6uylo36]Lesson 4
	[bookmark: _3sfwgukzrphe]Lesson 5
	[bookmark: _8ifvxo8gk4ca]Lesson 6

	PE
	4-ESS3-1
	5-ESS2-1. (5.ESS2.A.1) | 4-ESS3-1. | 5-ESS3-1. (5.ESS3.C.1)
	5-ESS2-2. (5.ESS2.C.1) | 5-ESS2-1. (5.ESS2.A.1) | 5-ESS3-1. (5.ESS3.C.1) 
	3-5-ETS1- 3. (5.ETS1.C.1)

	DCI
	ESS3.A: Natural Resources  Energy and fuels that humans use are derived from natural sources, and their use affects the environment in multiple ways. Some resources are renewable over time, and others are not.

	ESS3.A: Natural Resources  Energy and fuels that humans use are derived from natural sources, and their use affects the environment in multiple ways. Some resources are renewable over time, and others are not.
ESS2.A: Earth Materials and Systems  Earth’s major systems are the geosphere (solid and molten rock, soil, and sediments), the hydrosphere (water and ice), the atmosphere (air), and the biosphere (living things, including humans). These systems interact in multiple ways to affect Earth’s surface materials and processes. The ocean supports a variety of ecosystems and organisms, shapes landforms, and influences climate. Winds and clouds in the atmosphere interact with the landforms to determine patterns of weather
ESS3.C: Human Impacts on Earth Systems  Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, ocean, air, and even outer space. But individuals and communities are doing things to help protect Earth’s resources and environments.
	ESS2.C: The Roles of Water in Earth’s Surface Processes  Nearly all of Earth’s available water is in the ocean. Most fresh water is in glaciers or underground; only a tiny fraction is in streams, lakes, wetlands, and the atmosphere.
ESS2.A: Earth Materials and Systems  Earth’s major systems are the geosphere (solid and molten rock, soil, and sediments), the hydrosphere (water and ice), the atmosphere (air), and the biosphere (living things, including humans). These systems interact in multiple ways to affect Earth’s surface materials and processes. The ocean supports a variety of ecosystems and organisms, shapes landforms, and influences climate. Winds and clouds in the atmosphere interact with the landforms to determine patterns of weather

ESS3.C: Human Impacts on Earth Systems  Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, ocean, air, and even outer space. But individuals and communities are doing things to help protect Earth’s resources and environments.
	ETS1.C: Optimizing the Design Solution  Different solutions need to be tested in order to determine which of them best solves the problem, given the criteria and the constraints.

	SEP
	Developing and Using Models
Develop a model using an example to describe a scientific principle.
	Developing and Using Models
Develop a model using an example to describe a scientific principle.
Obtaining, Evaluating, and Communicating Information
Obtain and combine information from books and other reliable media to explain phenomena.
	Using Mathematics and Computational Thinking
Describe and graph quantities such as area and volume to address scientific questions.
Developing and Using Models
Develop a model using an example to describe a scientific principle.
	Planning and Carrying Out Investigations
Plan and conduct an investigation collaboratively to produce data to serve as the basis for evidence, using fair tests in which variables are controlled and the number of trials considered. 

	CCC
	System and System Models
A system can be described in terms of its components and their interactions.
	System and System Models
A system can be described in terms of its components and their interactions.
Cause and Effect 
Cause and effect relationships are routinely identified and used to explain change.
	Scale, Proportion, and Quantity
Standard units are used to measure and describe physical quantities such as weight and volume.
System and System Models
A system can be described in terms of its components and their interactions.
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	PE
	5-ESS3-1. (5.ESS3.C.1) | 4-ESS3-1
	4-PS3-2.( 4.PS3.B.1) | 3-5-ETS1- 2. (5.ETS1.B.1) | 3-5-ETS1- 3.
	5-ESS3-1. (5.ESS3.C.1) | 3-5-ETS1- 2. (5.ETS1.B.1)

	DCI
	ESS3.C: Human Impacts on Earth Systems  Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, ocean, air, and even outer space. But individuals and communities are doing things to help protect Earth’s resources and environments.
ESS3.A: Natural Resources  Energy and fuels that humans use are derived from natural sources, and their use affects the environment in multiple ways. Some resources are renewable over time, and others are not.
	PS3.A: Definitions of Energy  Energy can be moved from place to place by moving objects or through sound, light, or electric currents. 
PS3.B: Conservation of Energy and Energy Transfer  Energy is present whenever there are moving objects, sound, light, or heat. When objects collide, energy can be transferred from one object to another, thereby changing their motion. In such collisions, some energy is typically also transferred to the surrounding air; as a result, the air gets heated and sound is produced.
ETS1.A: Defining and Delimiting Engineering Problems
 Possible solutions to a problem are limited by available materials and resources (constraints). The success of a designed solution is determined by considering the desired features of a solution (criteria). Different proposals for solutions can be compared on the basis of how well each one meets the specified criteria for success or how well each takes the constraints into account.
ETS1.B: Developing Possible Solutions 
Research on a problem should be carried out before beginning to design a solution. Testing a solution involves investigating how well it performs under a range of likely conditions.  
At whatever stage, communicating with peers about proposed solutions is an important part of the design process, and shared ideas can lead to improved designs
Tests are often designed to identify failure points or difficulties, which suggest the elements of the design that need to be improved.
	ETS1.C: Optimizing the Design Solution Different solutions need to be tested in order to determine which of them best solves the problem, given the criteria and the constraints. 
ESS3.C: Human Impacts on Earth Systems  Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, ocean, air, and even outer space. But individuals and communities are doing things to help protect Earth’s resources and environments.


	SEP
	Obtaining, Evaluating, and Communicating Information
Obtain and combine information from books and other reliable media to explain solutions to a problem.
Communicate scientific and/or technical information orally and/or in written formats, including various forms of media and may include tables, diagrams, and charts.
Developing and Using Models
Develop a model using an example to describe a scientific principle.
	Developing and Using Models
Develop a model using an example to describe a scientific principle.

Planning and Carrying Out Investigations 
Plan and conduct an investigation collaboratively to produce data to serve as the basis for evidence, using fair tests in which variables are controlled and the number of trials considered.
	Constructing Explanations and Designing Solutions
Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of the design problem

Developing and Using Models
Develop a model using an example to describe a scientific principle.

	CCC
	System and System Models
A system can be described in terms of its components and their interactions.
	Energy and Matter  
Energy can be transferred in various ways and between objects.
	System and System Models
A system can be described in terms of its components and their interactions.
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	Performance Expectations Built Towards in this Unit

	4-ESS3-1. Obtain and combine information to describe that energy and fuels are derived from natural resources and their uses affect the environment.

	4-PS3-2.( 4.PS3.B.1) Make observations to provide evidence that energy can be transferred from place to place by sound, light, heat, and electric currents.

	5-ESS2-1. (5.ESS2.A.1) Develop a model using an example to describe ways the geosphere, biosphere, hydrosphere, and/or atmosphere interact.

	5-ESS2-2. (5.ESS2.C.1) Describe and graph the amounts of saltwater and fresh water in various reservoirs to provide evidence about the distribution of water on Earth.

	5-ESS3-1. (5.ESS3.C.1) Obtain and combine information about ways individual communities use science ideas to protect the Earth’s resources and environment.

	3-5-ETS1- 1. (4.ETS1.A.1) Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost.	

	3-5-ETS1- 2. (5.ETS1.B.1) Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem.

	3-5-ETS1- 3. (5.ETS1.C.1) Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype that can be improved.

	Disciplinary Core Ideas
	CONNECTION TO UNIT

	ESS3.A: Natural Resources 
Energy and fuels that humans use are derived from natural sources, and their use affects the environment in multiple ways. Some resources are renewable over time, and others are not.
	In lesson 3, students research different ways we obtain energy and describe how the different types of energy affect the environment. In lesson 4, students learn about fossil fuels as non-renewable resources.  In lesson 5, students think about fresh water as a natural resource.  They also examine the negative impacts that may result from using these resources in excess in lessons 4 and 5. In lesson 7, students read the book Energy Island, an article, and watch a video to learn more about how a community can change the way it uses renewable energy, then develop new ideas about energy choices in their own community.

	ESS2.A: Earth Materials and Systems 
Earth’s major systems are the geosphere (solid and molten rock, soil, and sediments), the hydrosphere (water and ice), the atmosphere (air), and the biosphere (living things, including humans). These systems interact in multiple ways to affect Earth’s surface materials and processes. The ocean supports a variety of ecosystems and organisms, shapes landforms, and influences climate. Winds and clouds in the atmosphere interact with the landforms to determine patterns of weather.
	Students first explore their local environment and make connections with Earth's major systems in lesson 1. In lesson 2, they examine how these systems interact  using tape, string, and clothespins to show interactions listed on interaction cards provided. In lesson 1 and 2, students create a model of a farm, showing the different spheres on the farm and how they interact. This DCI is used as a foundational piece in this unit so students can think about how our use of resources impacts Earth systems and their interactions.

	ESS2.C: The Roles of Water in Earth’s Surface Processes 
Nearly all of Earth’s available water is in the ocean. Most freshwater is in glaciers or underground; only a tiny fraction is in streams, lakes, wetlands, and the atmosphere.
	In lesson 5, students model how Earth’s water is distributed, including what percentage is drinkable for humans.  Students then examine farmers' use of groundwater that is stored in Aquifers.


	ESS3.C: Human Impacts on Earth Systems 
Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, ocean, air, and even outer space. But individuals and communities are doing things to help protect Earth’s resources and environments.
	In lesson 4, students describe how human activities on farms (specifically fossil fuel use) can have a negative impact on the air. Students make a model to show how farming affects Earth’s systems. In lesson 5, students add on to these ideas by thinking about how animal waste has an impact on streams and oceans. In lesson 7, students use the resources provided to think about the ways that individuals and communities can protect Earth’s resources. In lesson 7 and 9, students make a revised model that shows how we can reduce the impacts of farming and use farm resources (i.e. animal waste) and other natural resources (wind)  for renewable energy.
Since this is a unit on farming, it does not address human activities in industry and everyday life. It also focuses on streams, oceans, and air pollution as the major effects from animal waste and use of fossil fuels. However, this standard is also incorporated in unit 21.

	ETS1.A: Defining and Delimiting Engineering Problems 
Possible solutions to a problem are limited by available materials and resources (constraints). The success of a designed solution is determined by considering the desired features of a solution (criteria). Different proposals for solutions can be compared on the basis of how well each one meets the specified criteria for success or how well each takes the constraints into account. (3-5-ETS1-1)
	In lesson 8, considering constraints of materials provided, students design windmill blades and build wind turbines to lift a basket of coins with wind energy.

	ETS1.B: Developing Possible Solutions 
At whatever stage, communicating with peers about proposed solutions is an important part of the design process, and shared ideas can lead to improved designs. (3-5-ETS1-2)
	In lesson 8, students communicate their design solutions for their wind turbines to their peers in order to redesign and optimize designs.

	ETS1.B: Developing Possible Solutions 
Research on a problem should be carried out before beginning to design a solution. Testing a solution involves investigating how well it performs under a range of likely conditions.  
	In lesson 8, students use the resources provided as well as any other resources they find to learn more about how wind turbines work before designing and building their models.

	ETS1.B: Developing Possible Solutions 
Tests are often designed to identify failure points or difficulties, which suggest the elements of the design that need to be improved. (3-5-ETS1-3)
	In lesson 8, students create wind turbines to lift a basket of coins, then test, evaluate, redesign, and retest their windmill blades.

	ETS1.C: Optimizing the Design Solution 
Different solutions need to be tested in order to determine which of them best solves the problem, given the criteria and the constraints. (3-5-ETS1-3)
	In lesson 6, students design and carry out tests to see what type of environment is best for bacteria in the biodigesters. It is important to emphasize and discuss the importance of different groups trying different solutions as students are designing their investigations. The constraints (materials) and criteria (producing the most gas) are made explicit to students.
In lesson 8, students design, build, test and retest wind turbines to determine the best model for lifting a small basket of coins using wind energy. The constraints (materials) and criteria (decided on with the students) are made explicit to students.

	PS3.A: Definitions of Energy
 Energy can be moved from place to place by moving objects or through sound, light, or electric currents. 
	In lesson 8, students review this DCI (previously addressed in Unit 21) and use it to make sense of their wind turbines. Students apply this to the movement of energy from wind to the upward movement of the bucket. They observe the movement of the blades of the wind turbine and the resulting sound.

	PS3.B: Conservation of Energy and Energy Transfer
 Energy is present whenever there are moving objects, sound, light, or heat. When objects collide, energy can be transferred from one object to another, thereby changing their motion. In such collisions, some energy is typically also transferred to the surrounding air; as a result, the air gets heated and sound is produced.
	In lesson 8, students refer back to energy transfer (previously addressed in Unit 21) and use it to make sense of their wind turbines. They use energy transfer to explain how and why the movement of the wind causes the bucket to move up. After learning about real wind turbines they apply the concept of energy transfer to real wind turbines through the practice of modeling.

	PS1.A: Structure and Properties of Matter
  Matter of any type can be subdivided into particles that are too small to see, but even then the matter still exists and can be detected by other means. A model showing that gases are made from matter particles that are too small to see and are moving freely around in space can explain many observations, including the inflation and shape of a balloon and the effects of air on larger particles or objects.
	This unit does not develop this DCI, however, it can be incorporated if students already had the opportunity to make sense of this DCI through Unit 24.  It is not critical that students understand that gas is made of particles in order to fully engage with this unit, and particularly lesson 6 and 9. Guidance is provided in lesson 6 for how to introduce students to the concept of a gas if they have not had prior experience. 

	LS2.A: Interdependent Relationships in Ecosystems
 The food of almost any kind of animal can be traced back to plants. Organisms are related in food webs in which some animals eat plants for food and other animals eat the animals that eat plants. Some organisms, such as fungi and bacteria, break down dead organisms (both plants or plants parts and animals) and therefore operate as “decomposers.” Decomposition eventually restores (recycles) some materials back to the soil. Organisms can survive only in environments in which their particular needs are met. A healthy ecosystem is one in which multiple species of different types are each able to meet their needs in a relatively stable web of life. Newly introduced species can damage the balance of an ecosystem.
	This unit does not develop this DCI, however, it can be incorporated if students already had the opportunity to make sense of this DCI through Unit 21. It is not critical that students understand the role of decomposers in an ecosystem to complete lessons 6 and 9. Guidance is provided for how to proceed in lesson 6 if students have not had prior experience with this DCI.

	LS2.B: Cycles of Matter and Energy Transfer in Ecosystems
 Matter cycles between the air and soil and among plants, animals, and microbes as these organisms live and die. Organisms obtain gases, and water, from the environment, and release waste matter (gas, liquid, or solid) back into the environment.
	This unit does not develop this DCI, however, it can be incorporated if students already had the opportunity to make sense of this DCI through Unit 21. It is not critical that students understand that decomposers produce gas to complete lessons 6 and 9. Guidance is provided for how to proceed in lesson 6 if students have not had prior experience with this DCI. 

	Science and Engineering Practices
	CONNECTION TO UNIT 

	Obtaining, Evaluating, and Communicating Information
Obtain and combine information from books and other reliable media to explain phenomena.
	This unit intentionally develops this science and engineering practice.  In lesson 3 students are given one resource to obtain information about natural resources. In lesson 4, students are given two different resources on air pollution. Students are also supported in identifying reliable resources to help them gather information for their own research topic.  In lesson 7, students are given different information sources (book, video, and article) and use these to combine information that they will then communicate to the class.  In lesson 8, students use information from suggested websites, videos, as well as their own research to help them develop their initial design of their wind turbine. 

	Using Mathematical and Computational Thinking
Describe and graph quantities such as area and volume to address scientific questions.
	This SEP is key to sensemaking in this unit. In lesson 5  Students create a graph showing water distribution in terms of volume on Earth’s surface. Student’s then use this graph to make a claim about the amount of freshwater and saltwater on Earth. In lesson 9, there is an optional graphing activity where students can graph their measurement data from the biodigester investigation. They could use this graph to communicate their results about how much gas their biodigesters produced over time.

	Developing and Using Models
Develop a model using an example to describe a scientific principle.
Identify limitations of models
	This unit intentionally develops this science and engineering practice. In lesson 1, students develop an initiative farm model to describe the ways Earth’s Systems are present on a farm. The teacher creates a class model to help scaffold this process. In lesson 2, students revise their model to add in descriptions of how Earth’s Systems interact on farms.  In lesson 3, students revise their model to incorporate natural resources . In lesson 4, students add fossil fuel usage to their farm models. In lesson 5, they continue to revise their model by adding in water usage and water pollution. In lesson 7 students create a new model of their farm that incorporates the use of renewable energy sources. The students add to this model in lesson 9 after learning more  from their investigations about how wind turbines and biodigesters work. Throughout each of the lessons mentioned, students are given the opportunity to share their models with their peers and revise them based on feedback. 

	Constructing Explanations and Designing Solutions
Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of the design problem
	This SEP is key to sensemaking in this unit. In lesson 9, students compare the different conditions each group used for the biodigester. They then determine which conditions would be ideal for a biodigester. 

	Planning and Carrying Out Investigations 
Plan and conduct an investigation collaboratively to produce data to serve as the basis for evidence, using fair tests in which variables are controlled and the number of trials considered. 
	This SEP is key to sensemaking in this unit. In lesson 6, students work in groups to decide which condition they want to test for their biodigester. In lesson 8, students work in groups to design their wind turbines. They collect data to use as evidence that wind turbines work by transferring energy. 

	Cross Cutting Concepts
	CONNECTION TO UNIT 

	Energy and Matter
Energy can be transferred in various ways and between objects.
	This crosscutting concept is key to sensemaking in this unit. In lesson 7, students use this crosscutting concept to make connections across science domains when they learn about renewable resources and consider the transfer of energy in different ways on Samso (e.g., sun to plants, solar energy, biodigester). In lesson 8, students use this crosscutting concept to help make sense of their windmills. Specifically, students think about how energy transfers from the wind to the movement of their bucket. 

	Systems and System Models
A system can be described in terms of its components and their interactions.
	This unit intentionally develops this crosscutting concept. In this unit students examine Earth Systems and create models for how these systems appear on farms and interact with one another. In Lesson 1 the teacher develops student understanding by using the models of the farm to introduce the concept of systems and systems models. Students describe the farm as a system in terms of its components. In Lesson 2 students explore interactions between Earth’s systems. They then revise their models to incorporate the interaction of the components of the farm system. Students identify interactions between Earth Systems and figure out the ways farms contribute to these interactions more broadly. In Lesson 3, students are now able to use the CCC to analyze their everyday activities and how they impact Earth’s systems and in Lesson 4, they refine their model again adding additional interactions in their models.

	Scale, Proportion, and Quantity
Standard units are used to measure and describe physical quantities such as weight and volume.
	This crosscutting concept is key to sensemaking in this unit. In lesson 5, students use a standard unit of volume to describe the amount of freshwater and saltwater available on Earth.

	Cause and Effect
Cause and effect relationships are routinely identified and used to explain change.
	This crosscutting concept is key to sensemaking in this unit. In lesson 4, students apply the K-2 level of this CCC (Events have causes that generate observable patterns) as through a whole class activity focused on the cause and effect relationship between humans using natural resources and the impact on the environment. Students then examine the mechanism behind this relationship and research another natural resource and its impact on the environment. Students develop then apply this CCC to explain the changes they are learning about in their research and the teacher uses questioning to support student understanding that humans routinely identify cause and effect relationships to predict and explain events in new contexts. 











	COMMON CORE MATH AND ELA CONNECTIONS IN THIS UNIT

	Math CCSS 
	CONNECTION TO UNIT 

	Reason Abstractly and Quantitatively 
Mathematically proficient students make sense of quantities and their relationships in problem situations. They bring two complementary abilities to bear on problems involving quantitative relationships: the ability to decontextualize—to abstract a given situation and represent it symbolically and manipulate the representing symbols as if they have a life of their own, without necessarily attending to their referents—and the ability to contextualize, to pause as needed during the manipulation process in order to probe into the referents for the symbols involved. Quantitative reasoning entails habits of creating a coherent representation of the problem at hand; considering the units involved; attending to the meaning of quantities, not just how to compute them; and knowing and flexibly using different properties of operations and objects.
	This standard for mathematical practice is integrated into this unit in two lessons.  In lesson 4 students use this practice to make sense of air pollution data that is used for the Engage portion of the lesson. In lesson 6, students reason abstractly and quantitatively to make sense of the data in order to support a claim about Earth’s water.


	Understand the Place Value System
Read, write, and compare decimals to thousandths.
	This concept is integrated into lesson 5 when students examine data (presented in decimals) on Earth’s water and figure out the distribution amongst sources.

	Understand Decimal Notation for Fractions, and Compare Decimal Fractions (Optional)
Use decimal notation for fractions with denominators 10 or 100. 
	This concept is integrated into lesson 5 if the teacher decides to have students convert the decimals given in the table into fractions to help them compare the numbers and make sense of the data.

	Represent and Interpret Data (Optional)
Make a line plot to display a data set of measurements in fractions of a unit (1/2, 1/4, 1/8). 
	This concept is integrated into lesson 9 if the teacher decides to have students make a line plot of their biodigester data. The changes they notice in the size of their balloon will be in fractions of a unit.



	ELA CCSS 
	CONNECTION TO UNIT 

	Language 5.4.b
Use common, grade-appropriate Greek and Latin affixes and roots as clues to the meaning of a word
	In lesson 1, students are prompted to think of the roots for the words geosphere, atmosphere, hydrosphere, and biosphere to help them decipher their meanings.

	Speaking & Listening 5.1.b
Follow agreed-upon rules for discussions and carry out assigned roles.
	In lesson 1, 2, 3, 4, 7, and 9, students follow the rules of a turn and talk to discuss ideas with a partner. The teacher sets up norms for how to carry out these discussions, with suggestions provided in the sidebar of the lesson.

	Speaking & Listening 5.1.c
Pose and respond to specific questions by making comments that contribute to the discussion and elaborate on the remarks of others.
	In lesson 1, students discuss observations and questions about the anchoring problem. They are encouraged to agree or disagree with their peers, with prompts to do some provided in the sidebar of the lesson. Students are again asked to agree or disagree with peers when discussing system interactions in lesson 4.

	Reading: Informational Text 5.7
Draw on information from multiple print or digital sources, demonstrating the ability to locate an answer to a question quickly or to solve a problem efficiently.
	In lessons 3 and 4 students use a variety of resources to obtain information about natural resources and fossil fuels that helps them complete the activities.

	Reading: Informational Text 5.9
Integrate information from several texts on the same topic in order to write or speak about the subject knowledgeably.
	In lessons 3 and 4 students combine the information they obtained from multiple articles to communicate their ideas about natural resources and fossil fuels.

	Reading: Informational Text 5.1
Quote accurately from a text when explaining what the text says explicitly and when drawing inferences from the text.
	In lesson 7 students use information from a book and an article to help them generate claims and then provide evidence for those claims. 
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mySci’s elementary safety guidelines include:
1. Establish your classroom science safety protocol before you begin any activity. Check with your school’s insurance and liability program before making the protocol with your class, in order to be in compliance. Make the protocol into a contract and have your students sign it at the beginning of the year and refer to it often. It should include:
a. listening before doing
b. proper care of equipment
c. following directions
d. no eating and drinking during hands-on activities
e. cleaning up afterwards, including equipment and hands
2. Think through the space where the activity is going to occur, making sure there is room for all the students and that no electrical cords, breakable items or hazardous objects are in the path of students. If you are using ramps, pendulums, toy cars or balls, then plan for a safe place for students to walk around.
3. Know your students. Children may have allergies to many common household items such as latex, vinegar, pollen, etc. Before beginning an activity, make sure you have checked for allergies. Have the local poison hotline number nearby.
4. Be aware of what can be flushed, dumped or pitched. Many school buildings have old plumbing and guidelines about disposal. Do not release mealworms outside. Freeze them and dispose of them.
5. Know the toxic plants in your schoolyard. Before taking students out, check for poison ivy, oak and sumac, just to name a few. When examining soil, it is best to have the students wear gloves or use sticks to push the materials around rather than using their hands.
6. When taking students outside, even just in the schoolyard, have a safety plan that includes appropriate adult-to-student ratios, sunblock, proper clothing, including close-toed shoes, and clearly marked boundaries. Have students check for ticks if they are in grassy or wooded areas.
7. Use eye protection whenever there is a chance of flying objects or chemical reactions.
Thank you for joining us in the exploration of science!
We hope that through the use of hands-on, inquiry-based science in your classroom and these safety guidelines, your students will begin to envision themselves as the scientists and engineers of the future.
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