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	Kindergarten - Unit 2 - Vignette: Needs of animals and plants and their environment

	The vignette presents an example of how teaching and learning may look in a kindergarten classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the Science and Engineering Practices and the Crosscutting Concepts to understand the Disciplinary Core Ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Introduction
Day 1 – Needs of Plants and Animals.

Mrs. J decided to adapt the materials from a California Environmental Education Initiative (EEI) unit, The World Around Me, as the foundation for a series of lessons focused on the needs of animals and plants and their environments. She starts by introducing her students to the idea that most plants and animals live outside in the natural world and get the food, water, and air they need in many different habitats, such as deserts, forests, valleys, mountains, rivers, lakes, oceans, and coasts. She has students use media sources to obtain and evaluate information so they can investigate what different plants and animals need to survive. 

In order to reinforce the crosscutting concept about patterns, Mrs. J asks the students to think-pair-share a response to the following question, “What do plants and animals (including humans) need to survive?” Mrs. J writes students’ response on the board in such a way that each animal is grouped with a specific type of food. She then asks students to notice the way she grouped their ideas. Mrs. J briefly discusses the meaning of the word pattern, something that happens in a regular and repeated way (for example, the seasons of the year). Students discuss the patterns they see in the different kinds of food needed by different types of animals, for example beavers eating plants, kingfishers eating fish, and turtles eating plants and insects.

Then she asks them to identify the places where different animals and plants can get what they need, for example, freshwater fish need to live in streams, rivers, and lakes to survive. This begins to develop their understanding of California Environmental Principle I: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services. Learning some of the basics of California Environmental Principle I prepares students with some of the background they need to begin developing their understanding of California Environmental Principle II.
Mrs. J motivates the students by taking them on a virtual field trip through California, making stops along the way to learn about some of California’s “special places.” The students work as a class to observe the features of river and lake habitats on The World Around Me: R is for River and L is for Lake (alphabet cards) in a class display area. Mrs. J guides a class discussion about what students already know about rivers and lakes and records the students’ comments.

Day 2 – Where Plants and Animals Live.

Students participate in a shared research project as they “travel the river” on board a virtual boat, observing a variety of plants, animals, and human activities on their River and Lake information cards (#1–10). Working together they closely examine their cards to identify the features of the animals and plants, as well as the places they live. Mrs. J facilitates a class discussion based on the photographs each pair studies. Students describe the features of their plants and animals, and with Mrs. J’s help, they identify them and explain where the different organisms live (e.g., in a river or lake, or on the land nearby). As pairs present their information, Mrs. J serves as the class scribe and makes a list of the plants, animals, and people, asking students to identify what these organisms need in order to live and grow. As the students identify the foods different animals eat, she asks them to identify where that food comes from, plants or other animals. Mrs. J also asks the students a question about what they think plants need to live and grow. As a follow-on question, Mrs. J guides the discussion about where the animals and plants get what they need, leading the students to identify they get these things from the places where they live.

Day 3 – Where Rivers and Lakes Come From.

In order to reinforce the crosscutting concept about patterns, Mrs. J briefly discusses the meaning of the word pattern, something that happens in a regular and repeated way (for example, the seasons of the year). She then asks students to identify examples of patterns they discussed about the different kinds of food needed by different types of animals, for example beavers eating plants, kingfishers eating fish, and turtles eating plants and insects. As they think about their examples of patterns, Mrs. J asks the students to use those patterns to help them answer scientific questions, such as, “What do plants and animals (including humans) need to survive?”

Returning to their earlier discussion about the features of rivers and lakes, Mrs. J shows the class images of water in different locations: mountains, lakes, fast flowing rivers, and the ocean. She leads the students in a discussion about the movement of water in these different places, encouraging them with questions about where rivers come from, helping them recognize many rivers, especially in California, start out as fast flowing streams on a hill or mountain. Students then trace the flow of rivers from their mountain origins to the coast and ocean. Referring to a wall map of the habitats of California, students identify the location of their city or town. Then, working collaboratively, the class uses the map to locate one or two major rivers and/or lakes near their community.

Day 4 – Plants, Animals, and Humans Need Water.

As the class brainstorms ways in which people are connected to rivers and lakes, Mrs. J makes notes. Going deeper, the students identify the different ways people use the water they get from rivers and lakes, including basic survival needs, such as for drinking and watering gardens, as well as everyday uses like bathing, washing dishes, fishing, and boating. As they begin to think about how important the water from rivers and lakes is to their daily lives, students begin to develop an understanding of the essence of California Environmental Principle I—people depend on natural systems for their survival. This activity also helps to support students’ developing understanding about what humans, other animals, and plants need to survive.

By drawing and labeling with adult support, Mrs. J has the students summarize what they know about the plants and animals that live in and around rivers and lakes in their E is for Earth workbooks. The class posts the students’ drawings in the class display area, so they can refer to them as they begin to develop their models of the relationships between the needs of different plants and animals (including humans) and the places they live.

(Note: EEI Curriculum Unit, The World Around Me, is comprised of six lessons that provide opportunities for students to investigate the plants, animals, and humans in coastal areas, oceans, deserts, forests, valleys, and mountains, allowing teachers, if they wish, to focus on environments near where they live.)
Performance Expectations

K-LS1-1 From Molecules to Organisms: Structures and Processes

Use observations to describe patterns of what plants and animals (including humans) need to survive. [Clarification Statement: Examples of patterns could include that animals need to take in food but plants do not; the different kinds of food needed by different types of animals; the requirement of plants to have light; and, that all living things need water.]
Science and engineering practices
Disciplinary core ideas
Cross cutting concepts
Analyzing and Interpreting Data

Use observations (firsthand or from media) to describe patterns in the natural world in order to answer scientific questions.

LS1.C Organization for Matter and Energy Flow in Organisms

All animals need food in order to live and grow. They obtain their food from plants or from other animals. Plants need water and light to live and grow.

Patterns

Patterns in the natural and human designed world can be observed and used as evidence.

California’s Environmental Principles and Concepts

Principle I: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.

Concept b. The goods produced by natural systems are essential to human life and to the functioning of our economies and cultures.


	Connections to the CA CCSS for ELA/Literacy: W.K.7



	Vignette Debrief

The CA NGSS require that students engage in science and engineering practices to develop deeper understanding of the disciplinary core ideas and crosscutting concepts. The lessons give students multiple opportunities to engage with the core ideas in life sciences related to what plants and animals need to survive, helping them to move towards mastery of the three components described in the CA NGSS performance expectations.

In this vignette, the teacher selected one performance expectation but in the lessons described above she only engaged students in selected portions of this PE. Full mastery of this PE will be achieved throughout subsequent units.

Students were engaged in the science practice of analyzing and interpreting data. Life sciences lend themselves well to the developing students’ abilities to make observations and collect data which they can analyze and interpret.

The students analyzed and interpreted information they gathered from alphabet cards to begin developing their understanding that all animals need food in order to live and grow. This analysis also gave them an opportunity to identify the foods different animals eat and where that food comes from, plants or other animals. Students’ analysis of the information they gathered during a virtual “field trip” also helped them recognize that plants need water and light to live and grow.

Students also examined the crosscutting concept of patterns as they identified examples of patterns in the different kinds of food needed by different types of animals, including humans. Including the needs of humans in the study of patterns, provided a foundation for learning about California Environmental Principle I, Concept b, The goods produced by natural systems are essential to human life and to the functioning of our economies and cultures.
CCSS Connections to English Language Arts
Students used information from the alphabet cards from The World Around Me, to gather information for a shared research project on where certain plants and animals live and what they need to live and grow. They then drew pictures and added labels to summarize what they knew about where plants and animals live. This connects to the CA CCSS for ELA/Literacy Writing Standard (W.K.7).

W.K.7 Participate in shared research and writing projects (e.g., explore a number of books by a favorite author and express opinions about them).

Resources for the Vignette

· California Education and the Environment Initiative. 2011. The World Around Me. Sacramento: Office of Education and the Environment.


	K-Unit 3 - Vignette: Animals and plants can change their environment.

	The vignette presents an example of how teaching and learning may look in a Kindergarten classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the Science and Engineering Practices and the Crosscutting Concepts to understand the Disciplinary Core Ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Introduction
Day 1 – Animals and Plants Changing Their Environment.

Ms. W decided to use a California Environmental Education Initiative (EEI) unit, A Day in My Life, as the foundation for lessons focused on how animals and plants can change their environment. She starts by teaching her kindergarten class The Faucet Song, a poem about water, to help them discover where water comes from and where it goes. She does a demonstration of a dripping faucet. She has a bowl of water, a large paper cup, a small measuring cup, an eyedropper, and a large vase. She has each student use the eyedropper to take water from the bowl and drop 12 drops into the paper cup. When each child has done this (she has 30 students), she tells them that this is how much water is wasted from the leaky faucet in one hour. She pours the water from the paper cup into the measuring cup to measure it, then pours the water into the large vase. Then she fills the measuring cup with the amount of water leaked in an hour and pours it into the large vase 23 more times to show what is wasted in 24 hours or one day. As she pours each hour’s worth in, her students start to notice that it is a large amount. The large vase is almost full! She has them imagine seven large vases full of water and tells them that would be how much water leaked in a week! They are amazed by how much water is wasted by a leaky faucet that just goes drip, drip, drip.

Day 2 – Resources We Use.

Looking at the A Day in My Life big book while their teacher is reading, students follow along as she slowly reads a poem and points out individual words. Once they have become familiar with the poem and the way it sounds, students begin to read along. As she continues to read, Ms. W asks the class to use body motions to model the way water moves, first as rain coming from the sky, then as melting snow flowing into rivers and underground, and finally to our homes.

Through a teacher-led class discussion, the students begin to identify sources of water and its role in our lives. As they examine photographs in a display of Water, Stream, and Snow information cards, Ms. W records students’ thoughts about why water is important to people and where the water they use comes from. The teacher asks them several more questions about what other things they use in their everyday lives, for example paper bags, juice boxes, paper towels, and bottle of water. Writing the word Resources on the board to build their academic vocabulary, Ms. W asks students to participate in a shared research project using the information cards by talking with a partner and thinking about other resources they use. With prompting and support from the teacher, the student teams develop two questions to ask the whole class. Ms. W writes their questions on the board and records the answers given by the other students.

Day 3 – Products People Use.

In order to begin building students’ science and engineering practices associated with obtaining, evaluating, and communicating Information, Ms. W has the class look at Paper, Logs, and Trees information cards and identify the sources of one of the resources they are very familiar with, paper. She leads the class in a discussion of the photographs and asks the students to put into words the idea that resources, such as paper, come from trees that grow in forests.

In order to further build their skills in obtaining, evaluating, and communicating information, Ms. W calls students’ attention to two more sets of information cards, Bread, Wheat, and Soil, and Water, Stream, and Snow. As the students examine these sets of cards, Ms. W asks them to identify three things: a product people use, the source of the material used to make the product, and the natural system the resource comes from. As the students gather this information from the information cards, Ms. W has another opportunity to reinforce the crosscutting concept about patterns.

Day 4 – Humans Impact the Environment.

To initiate their investigation of how humans impact the environment, Ms. W asks the class, “What happens to a forest when we cut down trees to make paper?” “What happens if we leave the hose running in the school garden?” and “What happens when we drop trash on our campus?” She makes notes on the board about the students’ ideas about these human impacts.

Moving the students from simply identifying water and paper as things they may use every day, Ms. W guides the students into a discussion of where these things come from: lakes, rivers, mountains, and forests. She asks the students to work in pairs to think about the questions, “What happens if we cut down too many trees in a forest?” and “What might happen if we use too much water?” As they begin to recognize that using things like paper in their daily lives affects the natural systems those resources come from, students start to develop an understanding of the essence of California Environmental Principle I—people depend on natural systems.

To further build their informational vocabulary, Ms. W writes the words conserve, reduce, reuse, and recycle on the board and asks students what they think these words mean—to avoid wasting something; “using less of something; “using something over again;” and “using something over again by making it into a different thing.”

Day 5 – Conserving Resources.

Revisiting students’ discussion about using water, Ms. W asks them to brainstorm ideas about, “How they can save water at school and at home?” and “How they can save paper in the classroom?” Under the word conserve on the board, she records the students’ suggestions: turn off the water while brushing your teeth (reduce); turn the faucet all the way off so it does not drip (reduce); do not waste paper (reduce); use both sides of a paper for drawing (reuse); put used paper into a recycling bin (recycle).

As a strategy for strengthening the students’ writing skills, Ms. W gives the students an assignment that will use a combination of drawing, dictating, and writing to compose informative/explanatory texts in which they name what they are writing about and supply some information about the topic. She has chosen to have the students create Conservation mini-posters, where they begin by coloring and tracing the words reduce, reuse, and recycle.” The students are then asked to add a small drawing based on one of the topics they discussed during the lesson, such as saving water. Ms. W invites parents who are picking up their children to visit the classroom the students can briefly explain the words resources, conserve, reduce, reuse, and recycle.

(Note: EEI Curriculum Unit: A Day in My Life, is comprised of four lessons that introduce some of the key resources students use, the origins of those resources, these resources come from natural systems, and allows them to identify ways resources can be conserved.)

Performance Expectations

K-ESS2-2 Earth’s Systems

Construct an argument supported by evidence for how plants and animals (including humans) can change the environment to meet their needs. [Clarification Statement:  Examples of plants and animals changing their environment could include a squirrel digs in the ground to hide its food and tree roots can break concrete.]
K-ESS3-3 Earth and Human Activity

Communicate solutions that will reduce the impact of humans on the land, water, air, and/or other living things in the local environment. [Clarification Statement:  Examples of human impact on the land could include cutting trees to produce paper and using resources to produce bottles. Examples of solutions could include reusing paper and recycling cans and bottles.]
Science and engineering practices
Disciplinary core ideas
Cross cutting concepts
Obtaining, Evaluating, and Communicating Information

Read grade-appropriate texts and/or use media to obtain scientific information to describe patterns in the natural world.

ESS2.E: Biogeology

Plants and animals can change their environment.

ESS3.C: Human Impacts on Earth Systems

Things that people do to live comfortably can affect the world around them. But they can make choices that reduce their impacts on the land, water, air, and other living things.

Patterns

Patterns in the natural world can be observed, used to describe phenomena, and used as evidence.

Systems and System Models

Systems in the natural and designed world have parts that work together.

California’s Environmental Principles and Concepts

Principle I: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.

Concept c. The quality, quantity and reliability of the goods and ecosystem services provided by natural systems are directly affected by the health of those systems.
Principle IV: The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their relationships with human societies.

Concept a. Direct and indirect changes to natural systems due to the growth of human populations and their consumption rates influence the geographic extent, composition, biological diversity, and viability of natural systems.

Connections to CA CCSS for ELA/Literacy: RI.K.1, W.K.2, W.K.7


	Vignette Debrief

The CA NGSS require that students engage in science and engineering practices to develop deeper understanding of the disciplinary core ideas and crosscutting concepts. The lessons give students multiple opportunities to engage with the core ideas in life sciences related to how plants and animals (including humans) can change the environment and how humans can reduce their impact of on the land, water, air, and/or other living things in the local environment, helping them to move towards mastery of the three components described in the CA NGSS performance expectations.

In this vignette, the teacher selected two performance expectations but in the lessons described above she only engaged students in selected portions of these PEs. Full mastery of these PEs will be achieved throughout subsequent units.

Students were engaged in a number of science practices with a focus on obtaining, evaluating, and communicating information. Life sciences lend themselves well to developing students’ abilities to gather information from firsthand activities, consider the importance of data, and communicate what they have learned to others.

The students gathered information from information cards and class discussions to begin developing their understanding that plants and animals (including humans) can change their environment. They built on this information through focused discussions about how the things students use in their daily lives affect natural systems. Students brainstormed ideas about how they could reduce their use of resources such as water and paper.
Students examined the crosscutting concepts of patterns as they identified examples of products people use and their sources in natural systems, this also supported their developing understanding of California Environmental Principle I, The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.” As they discussed the systems and systems models crosscutting concept in relation to their developing knowledge that things people do to live comfortably can affect the world around them, they also began to develop a foundational understanding of California Environmental Principle II, The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their relationships with human societies.
CCSS Connections to English Language Arts
Students obtained scientific information from information cards to gather key details about natural resources so they could ask and answer questions of other. They collected this information during shared research projects about the products they use, sources of materials to make those products, and the natural systems from which the resources came. These activities connected to CA CCSS for ELA/Literacy Writing Standard (W.K.2) and Reading Informational Text Standard 1 (RI.K.1). Students’ work also connected to Writing Standard (W.K.7) as they created mini-posters that helped develop their abilities to write and supply information about conserving natural resources.

RI.K.1 With prompting and support, ask and answer questions about key details in a text.

W.K.2 Use a combination of drawing, dictating, and writing to compose informative/explanatory texts in which they name what they are writing about and supply some information about the topic.

W.K.7 Participate in shared research and writing projects (e.g., explore a number of books by a favorite author and express opinions about them).

Resources for the Vignette
· California Education and the Environment Initiative. 2011. A Day in My Life. Sacramento: Office of Education and the Environment.




	Grade 1 – Unit 1 - Vignette: Family Behavior of Penguins

	The vignette presents an example of how teaching and learning may look in a first-grade classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the Science and Engineering Practices and the Crosscutting Concepts to understand the Disciplinary Core Ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Introduction

Mrs. G is developing a unit on Family and Family Behavior to further students’ understanding of Disciplinary Core Idea LS1.B: Growth and Development of Organisms.  She plans the unit with a focus on English Language Arts – Reading Informational Text.  Her students have already made observations, conducted investigations, and developed evidence-based accounts to explain that young plants and animals are alike but not exactly like their parents.  She is now concentrating on Performance Expectation 1-LS1-2, Read texts and use media to determine patterns in behavior of parents and offspring that help offspring survive. In this set of lessons, students will make observations of phenomena related to parents’ behavior, but rather than being hands-on observations, the students are investigating and gathering and evaluating information from written texts (Science and Engineering Practice 8: Obtaining, evaluating, and communicating information).

Mrs. G traditionally does a language arts unit on penguins in the winter.  This year, she decides to integrate language arts with science and social studies as her students study polar animals. She will also have her students participate in a Web-chat with NASA scientists who are studying animal behavior in Antarctica.

Day 1

Mrs. G begins by teaching map skills to her students as they collaborate to identify continents and oceans on a large classroom map. The goal of the unit is to locate Antarctica on the map and compare its features with California’s.  Students also locate Antarctica using a globe and compare and contrast the use of a map and a globe to locate regions on Earth.  She teaches them that a globe is a model of the Earth, and models are representations that help us observe things and relate them to one another.

Day 2

Mrs. G begins the language arts portion of her lesson by reminding her students of the differences between statements and questions.  In order to prepare for the Web-chat, she has each student prepare a question for the NASA scientists. As a group, they organize the questions into categories: weather, animals, and scientists’ daily life.  

Day 3

Mrs. G leads the Web-chat and her students learn about Antarctica’s harsh environment. They are very excited to learn what scientists do to study animal behavior in Antarctica and the challenges that they encounter.  Mrs. G records the Web-chat so that later, with her help, the students can formulate answers to their questions.

Days 4 - 9

Mrs. G starts the lesson by showing students how to use the illustrations in a text to describe key ideas (RI.1.7). The next day she does a picture walk with the story Penguin Chick, covering the words.  She has the students complete a chart with their predictions about the story. In her next directed lesson, she shows students how to use details in a text to describe key ideas (RI.1.7). Then she reads Penguin Chick aloud to the students.  Mrs. G. helps students record what they actually learned next to their predictions on the chart.

Penguin Chick describes the parenting behavior of Emperor Penguins.  Mrs. G directs her students to identify what the penguin chicks need to survive (food and warmth) and how the parents provide it for them. 

Mrs. G continues to focus the students on the main idea and details in the text (RI.1.2).  Students work in groups to write paragraphs that describe the penguins. This task allows the teacher to assess how well the students understand and relate details in the text.  Her lessons continue with descriptions of events from the book.  She has students focus attention on descriptions in texts of the father penguin taking care of the egg in his brood patch while the mother penguin travels to get food and the mother penguin regurgitating the food to her newborn penguin chick when she returns.  Mrs. G emphasizes in the sounds offspring make and how the parent responds. These observations will be recalled when she introduces sound later in the year.

Finally, she instructs student on writing skills so they can complete their own paragraph about penguins that includes some facts about penguins and provides some sense of closure (W.1.2).

Mrs. G wants her students to see many of the behaviors the penguin parents have for their chick’s survival exist in other Arctic animals too.  She repeats the process, studying polar bear behavior.  She points out both polar bear and penguin parents must keep their offspring warm in a harsh environment, and encourages her students to examine the differences in how they do this.  She helps her students understand both polar bears and penguins feed their offspring, but mammals and birds do this differently.  

End of Unit

Mrs. G culminates her unit with a writing piece in which her students pretend to be wildlife biologists studying polar family behavior.  She encourages them to collaborative as they write about how by looking at patterns of behaviors in penguins and polar bear families it is possible to observe that both types of animals face many of the same challenges, but meet their needs differently.



	Performance Expectations

	1-LS1-2. From Molecules to Organisms: Structure and Processes

Read texts and use media to determine patterns in behavior of parents and offspring that help offspring survive. 



	Science and engineering practices
	Disciplinary core ideas
	Cross cutting concepts

	Obtaining, Evaluating, and Communicating Information

Read grade-appropriate texts and use media to obtain scientific information to determine patterns in the natural world.


	LS1.B: Growth and Development of Organisms

Adult plants and animals can have young. In many kinds of animals, parents and the offspring themselves engage in behaviors that help the offspring survive.
	Patterns

Patterns in the natural world can be observed, used to describe phenomena, and used as evidence.

	Connections to the CA CCSS for ELA/Literacy: RI.1.2, RI.1.7, W.1.2



	Vignette Debrief

In this language-intensive unit, the students focus their main attention to the science and engineering practice of obtaining, evaluating and communicating information. This practice applied to sources provided by the teachers (informational texts and live Web-chat with scientists) allows students to answer their own questions related to animals living in Antarctica and gather information about penguin and polar bear behaviors. The behaviors enacted by the two types of animals towards their respective offspring allow students to determine a pattern between the needs of the offspring and how that need is being communicated to the parent. 

The culminating performance task call for students to develop a writing text that aims at synthesizing some of the learning they have encountered by focusing on using patterns of behaviors to compare and contrast challenges and needs of penguins and polar bears. 

CCSS Connections to English Language Arts and Mathematics
RI.1.2           Identify the main topic and retell key details of a text.
RI.1.7           Use the illustrations in a text to describe key ideas.

W.1.2            Write informative/explanatory texts in which they name a topic, supply some facts about the topic, and provide some sense of closure.

	Resources for the Vignette

· Tatham, Betty, and Helen K. Davie. 2002. Penguin Chick. New York: HarperCollins Publishers.


	Grade 1 – Unit 3 - Snapshot: Sound Wild

	This snapshot provides an opportunity for students to integrate Unit 2 and Unit 3 using literacy connections.   Mr. K, a first grade teacher at the Emblem Academy in Santa Clarita, created an interdisciplinary unit called Sounds Wild to demonstrate to his students how animals use special parts of their bodies to make sounds.  Students begin by listening to two stories: I Wish I Were A Butterfly by James Howe and The Very Quiet Cricket by Eric Carle.  Then the students watched a video of live crickets and used a Venn diagram to compare and contrast the cricket characters. Students also made diagrams of a cricket and labeled its body parts. Using construction paper, they developed a large-scale model of a cricket and added a strip of sandpaper to the edge of a wing to simulate the chirping effect.  During a music lesson, students continued exploring how scrapers generate sound.  The unit continued in the same way studying the rattle of rattlesnakes, the howling of coyotes, and screech of bats, and students demonstrated their ability to locate the specific external part of the body in the animal that vibrate to produce sound.  The unit culminated with an engineering design challenge:  students designed their own sound instrument.  The shakers, scrapers and string instruments that were designed demonstrated students understood the process in which the animals created sound and that sound is caused by vibrations.


	Grade 1 – Unit 4 - Vignette: Patterns of motion of the Sun

	The vignette presents an example of how teaching and learning may look in a first-grade classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the Science and Engineering Practices and the Crosscutting Concepts to understand the Disciplinary Core Ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Introduction

Mrs. H is planning a unit of study in which students observe the patterns of motion of objects in the sky, specifically the Sun.  She wants her students to observe and then describe the movement of the Sun in the sky throughout a school day. The observation of these regular patterns of movement across multiple days will provide students foundational understanding of Disciplinary Core Idea ESS1.A: The Universe and Its Stars. This unit also allows a strong connection between the Crosscutting Concept of Patterns and the Science and Engineering Practice of Analyzing and Interpreting Data. She thinks of this unit as a natural link with teaching her students about time.  She also plans to include concepts related to time measurement so to integrate to mathematical concepts.

Day 1

Mrs. H begins her unit on Groundhog Day (traditionally celebrated on February 2nd).  At the beginning of the school day, before the students enter the classroom, she has them work outside the classroom in partners to trace their shadows.  Students put two Xs to mark the position of the feet where one student is standing while the other traces the shadow on the pavement. They are amazed at the length of their shadows! Just before lunch they return to their traced shadows, place their feet on the Xs, and trace the new position of their shadow.  “It’s so short!”  At the end of the school day they return one more time to trace the new position of their shadow.  Mrs. H asks them to predict where there shadow will be in two hours.

Days 2-5

Her students check the position of their shadows at the same three times each day for a week and measure the length of the shadow from the position of their feet to the head of the shadow.  By charting this length on the classroom wall, they can see that there is a pattern between the length of the shadow and the time of day, but that every day throughout the week the length of the shadow does not change much.  Mrs. H asks them to order their traced shadows by length (1.MD. 1). She knows they are ready for an explanation. 

To introduce the concept of time, Mrs. H explains how the Earth rotates each day, and night is really Earth’s shadow.  She encourages the students to realize the position of the Sun in the sky shows the amount the Earth has rotated. This is proven by the changes in their shadows’ position. She teaches them to use a clock to tell time by the hour and half hour (1.MD.1.3).  The students record on the shadows the time they measure their length. 

Mrs. H tells her students there is a problem, and it is important to look for a solution. It would be great if their chalk outlines could stay on the playground all year so they could continue to check them.  Unfortunately rainy weather and feet walking on them will make the shadow outlines disappear.  Paint is out of the question as the principal would not allow it.  She asks, “Is there a way they could design a smaller scale model that could be set out to measure the changes?”  Mrs. H has her students work in groups to design and test models.

Mrs. H starts a literature unit using the book A Year With Frog and Toad.  The students concentrate on describing characters and setting, specifically in each season (R.L.1.3).  Her students compare and contrast the adventures of Frog and Toad in these stories (RL.1.9). They realize that seasonal differences affect the characters’ adventures just as they affect their own lives.

Mrs. H’s unit is not complete yet.  The students still need to observe the stars and the moon, but she started with the Sun because the observations could be made during the school day.

	Performance Expectations

	1-ESS1-1. Use observations of the sun, moon, and stars to describe patterns that can be predicted.  




	Science and engineering practices
	Disciplinary core ideas
	Cross cutting concepts


	Analyzing and Interpreting Data
	ESS1.A: The Universe and its Stars

Patterns of the motion of the sun, moon, and stars in the sky can be observed, described, and predicted.

	Patterns

	Connections to the CA CCSSM: 1.MD.1, 1MD.3, 

	Connections to the CA CCSS for ELA/Literacy: RL.1.3, RL.1.9

	Vignette Debrief

CCSS Connections to English Language Arts and Mathematics
RL.1.3 Describe characters, settings, and major events in a story, using key details.
RL.1.9 Compare and contrast the adventures and experiences of characters in stories.
1.MD.1      Order three objects by length; compare the lengths of two objects indirectly by using a third object.
1.MD.3       Tell and write time in hours and half-hours using analog and digital clocks.


	Resources for the Vignette

Lobel, Arnold. 1976. Frog and Toad All Year. San Francisco: Harper & Row.  


Grade 2 – Unit 4 - Vignette

Biodiversity in Changing Environments

The vignette presents an example of how teaching and learning may look in a second-grade classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the Science and Engineering Practices and the Crosscutting Concepts to understand the Disciplinary Core Ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Introduction

Day 1 – Biodiversity in Changing Environments.

Mr. B decided to use materials from three California Environmental Education Initiative (EEI) units, Cycle of Life, Flowering Plants in Our Changing Environment, and Open Wide! Look Inside! as the foundation for a series of lessons about biodiversity in changing environments. His students have already begun to learn about what plants need to grow and what they get from the ecosystems where they live. He posts word wall cards to introduce students to several domain-specific words that they will use as they study what plants need from the habitats where they live, moisture, nutrient, pollinate, soil, temperature, water, and ecosystem. He decides to focus on the word ecosystem because it represents a crucial concept in the life sciences. He asks students if they have heard this word before and what they think it means. Starting with the students’ suggestions, Mr. B explains that an ecosystem is made up of living and nonliving things that are found together and that affect each other.

Mr. B begins a class discussion by asking students to consider the school garden they planted and list some of the things that the plants in their garden need to survive. He then expands on this discussion by having the class brainstorm a list of some of the things that plants living in a forest ecosystem need to grow and survive. Then, working in groups of three, the students read and discuss two sets of informational text, Would Blackberries Grow…? and What a Joshua Tree Needs from the Desert. The class as a whole than reviews the basic things plants need from the habitats where they live.

Day 2 – Plants and Animals Near Our School.

Students take their science journals and pencils with them as the class goes on a walk outside. With Mr. B leading the way and a parent volunteer following along the students visit green areas on the campus, in a nearby park, in the local neighborhood, or at a nature center. Before they start their walk, Mr. B tells the students that they need to make firsthand observations and collecting data during this field trip. Once they are outside, he asks the students to point out different plants and animals and make notes or simple drawings in their science journals. Before they go back to their classroom, he guides the students in a discussion about the variety and abundance of plants and other life forms they observed in the different habitats along the way. After their field trip, the students draw simple maps of the areas they visited and identify or draw some of the organisms they observed in the different habitats. Mr. B asks the students to recall information from their field trip and their maps and use it as the basis for answering the question, “Do the plants and animals we observed live in all of the areas we visited or just some of the areas?” This question helps students begin to recognize that many different kinds of living things are found in a given area and that they exist in different places on land and in water.

Days 3-4 – Humans Changing Habitats.

So students can relate their developing ideas about the diversity (variety) of life to the natural world, Mr. B calls their attention to the California Habitats wall map. Working together, the class identifies the nine major habitat types in California. The teacher calls on different students to identify animals and plants illustrated on the map, assisting them as needed to read the names of the different organisms. He introduces students to the idea that there are many different kinds of living things in the world and mentions the word “diversity,” explaining that it means the variety of living things. Mr. B then facilitates a brief discussion about the diversity of California’s ecosystems, plants, and animals.

Once the students have this basic background information about different habitats, they are ready to start an investigation. Mr. B tells the students that they are going to investigate how humans change the habitats where plants and animals live. He begins the process by asking students several focused questions: “How can human activities change the habitats where plants and animals live?” “How do these changes affect the survival of the plants and animals that live there?” “What might happen to the variety of living things around the school or in the nearby park if we change those habitats?”

Mr. B tells the class that they are going to take another walk to the places they visited before and continue collecting data. He explains that during this second field trip the class is going to investigate two types of areas, some that have been “disturbed” by humans and others that are in a more natural condition. As they visit these sites, the students make notes or simple drawings in their science journals about the condition of the habitats and abundance of plants and animals.

Upon their return to the classroom, the students work in pairs using the notes from their field trip to summarize their observations about the effects of human activities on the variety and abundance of plants and animals. The students participate in a “round robin” discussion as Mr. B lists their ideas about the relationship between human activities and the variety of living things. As a strategy for reinforcing the crosscutting concept cause and effect, he guides the students through a discussion of what they observed on their field trips regarding how human activities have changed the local environment.

Day 5 – Improving a Local Habitat.

Mr. B challenges the students to come up with ideas about what they as a class or as individual students might do to decrease the effects of human activities on plants and animals. He then acts as the recorder as the students share their ideas about how to decrease the effects of human activities.

In order to assess their understanding of these concepts, Mr. B tells the students that they are going to share what they learned through their research by creating informational posters. He tells them that they should include four different items on the posters: two drawings based on their science journals, one showing a natural habitat and another showing the effects of human activities; a brief written description about their scientific observations regarding these two habitats; and their ideas about decreasing the effects of human activities. Excited by what they have learned, the students ask if they can display their posters in the hall outside the classroom so that the information can be shared with other students and their parents.

(Note: EEI Curriculum Units: Flowering Plants in Our Changing Environment and Cycle of Life and Open Wide! Look Inside! are comprised of a total of 10 lessons and a variety of supporting materials that can be integrated together to support instruction in this unit.)
	Performance Expectations

	2-LS4-1. Biological Evolution: Unity and Diversity
Make observations of plants and animals to compare the diversity of life in different habitats.


	Science and engineering practices
	Disciplinary core ideas
	Cross cutting concepts


	Planning and Carrying Out Investigations
Make observations (firsthand or from media) to collect data which can be used to make comparisons.
	LS4.D Biodiversity and Humans

There are many different kinds of living things in any area, and they exist in different places on land and in water.
	Cause and Effect

Events have causes that generate observable patterns.



	California’s Environmental Principles and Concepts

	Principle II: The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their relationships with human societies.

Concept a. Direct and indirect changes to natural systems due to the growth of human populations and their consumption rates influence the geographic extent, composition, biological diversity, and viability of natural systems.

	Connections to the CA CCSS for ELA/Literacy: W.2.7, W.2.8


Vignette Debrief

The CA NGSS require that students engage in science and engineering practices to develop deeper understanding of the disciplinary core ideas and crosscutting concepts. The lessons give students multiple opportunities to engage with the core ideas in life sciences related to the diversity of plants and animals in different habitats, helping them to move towards mastery of the three components described in the CA NGSS performance expectations.

In this vignette, the teacher selected one performance expectation but in the lessons described above he only engaged students in selected portions of this PE. Full mastery of this PE will be achieved throughout subsequent units.

Students were engaged in a number of science practices with a focus on planning and carrying out investigations. Life sciences lend themselves well to the developing students’ abilities to make firsthand observations and collect data to use in making comparisons.

Based on their firsthand observations in the local area, they observed the diversity of plants and animals that lived near the school. They also collected evidence about human-caused changes to a natural habitat. Students then created informational posters to share what they learned about the diversity of life in different habitats and the effects on human activities on those habitats.
The field trips and subsequent class discussions helped students begin to recognize that events have causes that generate observable patterns, the crosscutting concept of cause and effect. In addition, these experiences provided a context within which the students could begin developing an understanding of California Environmental Principle II Concept a, Direct and indirect changes to natural systems due to the growth of human populations and their consumption rates influence the geographic extent, composition, biological diversity, and viability of natural systems.

CCSS Connections to English Language Arts
Students used the text in “Would Blackberries Grow…?” and “What a Joshua Tree Needs from the Desert” as the sources for a shared research project, connecting to the CA CCSS for ELA/Literacy Writing standard (W.2.7). In addition, they used their science journals to make notes and gather information about the diversity of plants and animals living nearby and human disturbances they observed. Students also used this information to answer questions during a round-robin discussion, corresponding to Writing Standard 2 (W.2.8), as well as creating an informational poster.

W.2.7 Participate in shared research and writing projects (e.g., read a number of books on a single topic to produce a report; record science observations).

W.2.8 Recall information from experiences or gather information from provided sources to answer a question.

Resources for the Vignette
· California Education and the Environment Initiative. 2011. Cycle of Life. Sacramento: Office of Education and the Environment.

· California Education and the Environment Initiative. 2011. Flowering Plants in Our Changing Environment. Sacramento: Office of Education and the Environment.

· California Education and the Environment Initiative. 2011. Open Wide! Look Inside! Sacramento: Office of Education and the Environment.

Grades 3-5

Snapshot Grade 3: Probing for Students’ Initial Ideas on Static Electricity

Introduction

Miss M’s 3rd grade class has just finished a series of lessons investigating the influences of contact forces acting on objects in motion and at rest (DCI PS2.A:  Forces and Motion; 3-PS2-1: Plan and conduct an investigation to provide evidence of the effects of balanced and unbalanced forces on the motion of an object; 3-PS2-2: Make observations and/or measurements of an object’s motion to provide evidence that a pattern can be used to predict future motion.)  So far, their classroom experiences and discussions have focused on contact forces only.  

This next preparatory lesson about non-contact forces is designed to gauge student’s pre-conceptions about non-contact forces and introduce to them this new idea (DCI PS2.B: Types of Interactions; 3-PS2-3: Ask questions to determine cause and effect relationships of electric or magnetic interactions between two objects not in contact with each other).  

Miss M regularly uses formative assessment probes in her class at the beginning of a new unit to get her students thinking and talking about new topics while revealing ideas that students may already have about the topic.  For this activity, she plans to use a probe titled “Does It Have to Touch?”  She has a copy of the probe under her document camera to show to the class. Each student has his/her science notebook in front of them open to a page with sentence starters and they are ready to record their initial thoughts about the topic. They know that these are their beginning ideas and that they will return to this page of thoughts after discussion to record their changing ideas.
Miss M begins, “Ok everyone, take out your lab notebooks because we are going to do a probe.  Remember, with probes we want you to explain your thinking.  I am going to read you a story and ask you to choose who you mostly agree with AND you must support you choice with evidence or examples from your experiences.” Miss M. reads the prompt and she gives her students a few minutes to respond to the questions in the probe and record their initial thinking in their notebooks.  
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Miss M continues, “Now turn to your thinking partner and share your choice and your thinking...  Remember to listen respectfully to each other even if you do not agree.  If after your discussion you want to change your choice or add more evidence, go for it.” She lets the thinking partners share, while she walks around the room listening to discussions and helping students to remain on task.  

After ten minutes of animated discussion, Miss M returns to the front of the class “So, let’s see where we are as a group.  When I say GO you’ll put one finger up if you agree most with Akiko and two fingers up if you agree most with Fern. Ready, set GO!”  The group is evenly split.  She prompts students to find a partner that disagrees with them and repeat their thinking partner discussion, reminding them that it is ok to change ideas and that it is ok to disagree.  

After another ten minutes of discussion, Miss M begins asking students for their examples and evidence and records them on the board.  Supporters of Akiko’s position pointed out evidence like “a soccer ball won’t move unless I kick it” and “my book has to touch the table to have the table push on it”.  Supporters of Fern’s position point out other evidence, Clara says, “If I push a ball up in the air, it is going up but then it will fall down. Nothing is touching it, but it moves down. What is that? Gravity or something? The ball isn’t touching the Earth”. Aisha also explained excitedly “Magnets push and pull even when they don’t touch objects. I always play with magnets and metal paperclips: I make the paperclip move on top of my grandma kitchen table moving a magnet below the table. It’s like magic. The magnet does not touch the paperclip”.

Miss M then uses her student’s initial ideas to introduce types of forces that include non-contact interactions. She will help students connect these ideas with those explored in the previous unit about contact forces. Miss M. says, “In the next weeks we will be learning more about interactions such as gravity, magnetism and static electricity. At the end you will be able to explain phenomena between the magnet and paperclip”. 

Miss M is planning to use this initial discussion to design experiences that explore properties of magnets, how to “see” a magnetic field and map it using a compass, how distance and orientation affects magnetic forces on objects. Throughout these activities, students will develop simple drawings representing models of how magnets work and will plan their own investigations to find out about properties of magnets. She knows that classroom discussion with these activities can be very animated and it will be very important to guide her students in collecting and analyze data from the investigations accurately so that they can use them as evidence in their explanations. 

She will expand these experiences further by engaging her students in explaining phenomena related to static electricity. In these phenomena, objects are behaving similarly to magnets, so they will have to draw from their previous understandings. Throughout these experiences students investigate several phenomena including: charged balloons causing objects to move, electrical forces between an electrically charged rod and pieces of paper, and interactions of positive and negative charges on scotch tape. Miss M knows that at this grade level, students will not explain these phenomena in terms of attracting or repelling electric charges. Rather she will have her students develop new models using the representation of the forces from the previous units to explain how electrically charged objects move. Her student will also predict the motion of the objects if certain experimental conditions are changed (for example increasing the number of times a plastic bar is rubbed or increasing the size of the pieces of paper). Throughout the unit, students will be engaged in observing and making models of the possible causes of these electrostatic effects. 

She is also planning to assess students by using freely available online simulation (http://phet.colorado.edu/en/simulation/balloons).  
Grade 3 Vignette

Living Things in Changing Environments

Introduction

The vignette presents an example of how teaching and learning may look in a 3rd-Grade classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Days 1-4 – Organisms Responding to Environmental Change.

Ms. J decided to use several elements of the California EEI unit, Living Things in Changing Environments, as the foundation for part three of her Ecosystems and Interdependence unit. She uses the first two chapters of the leveled reader, Sweetwater Marsh National Wildlife Refuge, to introduce students to the marsh and the plants and animals that live there, as an example of where humans have changed the habitat. For example:

“Belding’s savannah sparrows are endangered in California. They use pickleweed and other plants to make their nests. Putting their nests in tall, thick pickleweed, keeps the eggs safe from water, even at high tide.”

“Belding’s savannah sparrows depend on the salt marsh as their habitat. Where buildings, roads, or levees have replaced pickleweed, these sparrows have fewer places to nest. The more people and pets that disturb their habitat the fewer pairs will build nests.”

After reading Sweetwater Marsh National Wildlife Refuge, students discussed the different species that live in this Southern California salt marsh habitat. Based on the information they gathered from the reading, the class made a mural with “before” and “after” sections where some students drew the original habitat and others showed the habitat after human activity. The students’ drawings also showed plants and animals, specifically illustrating some of the organisms’ needs and adaptations, for example, the plants were birds nested. They also illustrated some of the changes, for example, the addition of buildings, roads, and levees and changes to the amount of pickleweed at the marsh. This reading and mural were the basis for a discussion of how organisms respond to different environmental changes and introduced students to the idea that changes to an ecosystem can significantly affect the plants and animals that live there.

In order to reinforce the crosscutting concept about systems and system models, Ms. J. reminds the students that ecosystems are an example of a system. She asks them to identify the salt marsh ecosystem components on their mural. Several students also point out the birds nesting in the plants as an example of an interaction among the components of the ecosystem.

After completing their mural, Ms. J asked the students several questions about the marsh, its plants and animals, and how the habitat might change if more human -activity occurs there. She focuses the students on environmental changes by asking students to predict answers to questions like, “Which plants or animals will be affected if the water becomes saltier?” and “If the water in all of the San Diego Bay becomes muddier, what might happen? (Eelgrass could disappear from the area.) The students make brief notes about the changes discussed during the class meeting, and based on their notes and the discussion, students identify the main idea of the reader—human activities have resulted in changes to the natural habitat.

As a formative assessment, Ms. J distributes a set of Altering the Salt Marsh cards to groups of students and asks them to find the card that starts with “Power plants make the temperature of the water…” She then has the groups discuss the effects of power plants on the temperature of water. Ms. J then invites a student volunteer to share their groups answer to the question, “How do power plants affect the temperature of water?”

After discussing the other environmental changes described on the Altering the Salt Marsh cards Ms. J creates a class list of the environmental changes on the whiteboard. This list describes the changes that have occurred at Sweetwater Marsh, including changes to the land from dredging and building of dams, changes to the temperature and salinity of the water. It also describes the resulting changes to the many plants and animals that live there, such as pickleweed, and the endangered light-footed clapper rail, California least tern, and Western snowy plover. She then asks the students to make a list of the series of events they think might have caused these environmental changes.  Finally, she asks the children to re-engineer the solutions.  The children generate more environmentally friendly solutions while considering what the technologies need to do (criteria) and reasonable assumptions about constraints, such as available time, materials, and money.

Day 5 – Surviving in a Changing Environment.

The day after the classroom analysis of environmental changes at Sweetwater Marsh, Ms. J took her students on a field trip to visit the campus and local neighborhood. (Note: In preparation for this activity, Ms. J identified three “comparable” areas near the school where her students could see plants and animals, and observe the effects of human activities.) Before going outside, Ms. J explained to the students that they would be going on the local field trip to make observations and collect evidence about environmental changes on campus and in the local neighborhood.

One of the things that the students observed was that there were only a few plants and animals on their school grounds. Ms. J had the students make notes about their observations in their science journals. The class then began walking down the street, making observations and taking notes as they went by the houses and apartment buildings in the neighborhood. They soon observed that some areas had green spaces with different kinds of plants and animals, and saw many birds sitting on the branches of the bushes and squirrels running through the yards. The last place they visited was a local park where they saw even more plants and animals.

As they walked back to the school and then into their classroom, Ms. J guided a student discussion of similarities and differences among the areas they visited during their “field trip.” She made a four-column list on the board labeled “Place,” “Description of Area,” “Plants We Saw,” and “Animals We Saw.” With their data recorded, Ms. J asked the students to contribute to a list of the differences in the plants, animals, and “habitat” among the campus, neighborhood, and park. The class then began a teacher-guided discussion of what might have caused these differences and the students identified a variety of human activities, such as, removing trees, making streets, paving the campus, and building houses. Once they completed their list, she asked the students to identify the evidence they saw during their field trip that, in a particular habitat some organisms can survive well, some survive less well, and some cannot survive at all. Ms. J recorded the students’ evidence on the board.

Days 6-7 – Solving an Environmental Problem.

This field trip gave Ms. J an opportunity to call students’ attention to the crosscutting concept related to cause and effect. She also leads the students through a discussion about California’s Environmental Principles and Concepts, specifically Principle II Concept c “the expansion and operation of human communities influence the geographic extent, composition, biological diversity, and viability of natural systems.”

Ms. J called the students’ attention to the class list of the environmental changes that have occurred at Sweetwater Marsh. They then read, “Restoring the Marsh,” the third chapter of the reader, to learn about some of the solutions to the problems caused by the environmental changes that occurred at Sweetwater Marsh. When they completed their reading, Ms. J led a discussion that had the students identify the solutions to the environmental changes discussed in the text and make claims about the merits of the different solutions.

Based on what they discussed about the design solutions used at Sweetwater Marsh, the teacher asked students to select one of the environmental changes they observed during their field trip. The students were most interested in what they observed on campus, very few plants and animals. Therefore, Ms. J instructed them to write a brief informative text that identified this problem and described possible solutions, making claims about the merits of their individual ideas. Students made brief presentations about their ideas and argued for their proposed solutions. As a class, they decided that they wanted to implement a plan to make a small garden of native plants in an open area of the playground. Working in teams of three, students created and presented alternative designs for their native plant gardens. As a whole class, they chose the three designs they liked most. Later in the week, they went out onto the campus and used their rulers to measure the possible garden plots. They returned to the classroom and Ms. J instructed them how to use the measurements they had made to reinforce what they had learned about area and perimeter during their recent math lessons.

So that they could continue planning their gardens and refining their designs, students went to the Internet to research information about establishing a native plant garden including the cost of the plants, soil, and other supplies. With this information available, Ms. J help them estimate the number of plants they would need and calculate the cost of each of the designs they were comparing. Based on their calculations and the amount of money that Ms. J had in her garden fund, the students refined their designs to fit the space and budget they had available. The students invited their principal to visit the classroom and presented their ideas about creating a native plant garden on campus. She was so impressed with their work that she gave them permission to build the garden.

Grade 4 Vignette

Structures for Survival in a Healthy Ecosystem
Introduction
The vignette presents an example of how teaching and learning may look in a 4thgrade classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of Performance Expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Days 1-2 - Structures for Survival.

Mr. F decided to use the California EEI unit, Structures for Survival in a Healthy Ecosystem, as the foundation for part one of his Structure and Function of Plants and Animals unit. He starts the unit by calling the students’ attention to a word wall card for the word “structure” and reviews the definition. To help them clarify their understanding of the word structure, Mr. F asks the students to imagine that they are looking at their reflection in a mirror and examining their teeth, explaining that teeth are an example of a structure in the human body. He then leads a class discussion to check students’ prior knowledge about the importance of organisms’ internal and external physical structures by asking them to identify one of their favorite plants or animals and describe one of its external structures. Mr. F explains that in this unit they will be making observations to help them develop explanations and models for how plant and animal structures function to support survival, growth, behavior, and reproduction.

Having planned ahead for a hands-on activity, Mr. F takes his students on a short walk around the schoolyard to observe some of the plants and animals that live nearby. They observe some birds flying by and he asks them to identify some of the external features of the birds, wings, beaks, and eyes. The students see a squirrel running across the grass so Mr. F asks them to identify some of the interesting features of the squirrel, long tail, big eyes, claws, and large ears. They have noticed the squirrel climbing up a big oak tree so he asks them to identify some of its external features.

When they returned to the classroom, with the students prompting him, Mr. F writes the names of the plants and animals they have observed on the whiteboard. He then asks the students to list and briefly describe some of the external structures they saw on these plants and animals. The students take out their science journals and draw one of the plants or animals they observed, including specific external structures that they label. (Ms. J, another fourth grade teacher, does not have time for her students to go outside for these observations and discussions so she has them do observations in the classroom involving their class aquarium, pet guinea pig, and plants in the garden box. Ms. W, who does not have any plants or animals in her classroom, uses the visual aids included in the EEI curriculum unit for the students’ observations and discussion.)

Mr. F deepens the discussion by having the students explore the importance of these structures by answering several questions, including: “what is the use of the structure?” and “How does the structure help the plant or animal survive?”

The teacher distributes a student workbook to each student and tells them to turn to pages 8-9, where they will see a photograph of a Merriam’s kangaroo rat, and asks them to label the major external structures of the animal, eyes, nose, feet, tail, and cheeks. Mr. F then has students write a sentence that explains how each structure helps kangaroo rats grow, reproduce, or survive. Because very few of the students are familiar with this animal, Mr. F explains that the cheeks of the kangaroo rat are important because they are used to gather the seeds from the desert floor that support its growth.

Day 3 – External Structures in Changing California Habitats.

Mr. F calls the students’ attention to the habitats wall map and explains that this map shows 10 different habitats in California, as well as some of the animals and plants that live there. Mr. F points out that there are many different kinds of plants and animals and that different species live in different habitats, explaining that many have different external structures to survive, grow, and reproduce in the terrestrial, freshwater, or coastal and marine ecosystems where they live. As a means of more fully engaging them in this topic, he points out their local region and, using the map and their local knowledge, asks students to name some plants and animals that live there.

Mr. F divides the class into small teams and allows each team to select one of the plants or animals depicted in the package of EEI visual aids. Providing copies of these visual aids to the students, he instructs them to investigate and observe their organisms to begin collecting the evidence to construct their arguments about the function of one of its external structures. As the culminating team activity, Mr. F assigns the teams to make a visual display, such as a poster, that depicts the plant or animal they investigated and labels several different external structures. (Note: In preparation for his lessons in part three of this unit, Sensing the Environment, Mr. F specifically asks the students to identify and describe the structure and function of the animals’ sensory organs.)

Day 4 – Survival in Changing Habitats.

In order to reinforce what the students have learned about the effects of human activities on the environment (California Environmental Principle II), Mr. F asks them to recall their discussions during unit 1-part 3 Energy Resources and the Environment, about how energy consumption affects the environment (e.g., loss of habitat due to dams, loss of habitat due to surface mining, and air pollution from burning of fossil fuels). He then projects visual aids #44 and #45 from the Structures for Survival in a Healthy Ecosystem unit, and asks the students to review what Anna’s hummingbirds need to grow, survive, and reproduce.

As an individual assessment, Mr. F requires each team member to write an evidence-based argument focused on one plant or animal and one of its internal or external structures. He explains that the students’ arguments must include the evidence they gathered in support of their point of view, and include their reasoning to support of the structure’s role in survival, growth, behavior, and/or reproduction. Mr. F tells them that their writings must also include evidence-based responses to two questions: “If they are going to survive, grow, and reproduce, what do plants and animals need, in addition to the external structures we have learned about?” And, “How might human activities affect the environment and their selected plant’s or animal’s survival, growth, behavior, and/or reproduction.” This activity should help students develop their understanding that survival, growth, and reproduction of plants and animals depends on them having a healthy terrestrial, freshwater, or coastal and marine ecosystem in which to live.
	Performance Expectations

	4-LS1-1 From Molecules to Organisms: Structures and Processes

Construct an argument that plants and animals have internal and external structures that function to support survival, growth, behavior, and reproduction. [Clarification Statement: Examples of structures could include thorns, stems, roots, colored petals, heart, stomach, lung, brain, and skin. Each structure has specific functions within its associated system.] [Assessment Boundary: Assessment is limited to macroscopic structures within from one of California's systems.]

	Science and engineering practices
	Disciplinary core ideas
	Cross cutting concepts

	Engaging in Argument from Evidence
Construct an argument with evidence, data, and/or a model.

Use a model to test interactions concerning the functioning of a natural system.
	LS1.A Structure and Function

Plants and animals have both internal and external structures that serve various functions in growth, survival, behavior, and reproduction.

LS1.D Information Processing

Different sense receptors are specialized for particular kinds of information, which may be then processed by the animal’s brain. Animals are able to use their perceptions and memories to guide their actions.
	Systems and System Models

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

	California’s Environmental Principles and Concepts

	Principle II: The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their relationships with human societies.

Concept a. Students need to know that direct and indirect changes to natural systems due to the growth of human populations and their consumption rates influence the geographic extent, composition, biological diversity, and viability of natural systems.


Vignette Debrief

The CA NGSS require that students engage in science and engineering practices to develop deeper understanding of the disciplinary core ideas and crosscutting concepts. The lessons give students multiple opportunities to engage with the core ideas in life sciences related to how the internal and external structures of plants and animals support survival, growth, behavior, and reproduction, thereby helping students move towards mastery of the three components described in the CA NGSS performance expectation.

In this vignette, the teacher selected two performance expectations but in the lessons described above he only engaged students in selected portions of these PEs. Full mastery of these PEs will be achieved throughout subsequent units. 

Students were engaged in a number of science practices with a focus on engaging in argument from evidence. Life science lends itself well to developing students’ abilities to make oral and written argument with evidence, data, and the use of models to test interactions concerning the functioning of natural systems.

As students examined their own teeth, they began to understand the key scientific concept of structures, then expanding on this knowledge by observing the external features of local animals and plants. Students used their science journals to record information about what they observed to prepare them for a class discussion about how plants’ and animals’ internal and external structures support survival, growth, behavior, and reproduction.

In order to develop their abilities with science and engineering practices, their teacher discussed the importance of evidence in constructing scientific arguments, about the function of one of its external structures. The students reinforced this practice as they constructed evidence-based arguments about the structures of the organisms they were describing.

Students also examined the crosscutting concept of systems and system models as they investigated the connections between an organism’s internal and external structures and how human activities can influence their survival, growth, behavior, and reproduction. This also reinforced their developing understanding of California Environmental Principle II, Concept a, “direct and indirect changes to natural systems due to the growth of human populations and their consumption rates influence the geographic extent, composition, biological diversity, and viability of natural system.”
CCSS Connections to English Language Arts
Students used all of the evidence they gathered from their field trip, class discussions, and visual aids to construct an evidence-based argument about the role in the survival, growth, behavior, or reproduction of the external structures of their selected organisms. This connects to the CA CCSS for ELA/Literacy Writing standard (W.4.1). In addition, they developed visual displays to support their main ideas about the function of the external structures of their plants and animals, which corresponds to Speaking and Listening Standard 4 (SL.4.5).

Connections to CA ELD Standards

Resources for the Vignette
California Education and the Environment Initiative. 2011. Structures for Survival in a Healthy Ecosystem. Sacramento

Grade 4 Snapshot: Exploring Behavior of Termites

Introduction

Mr. S’s 4th grade class is ready to begin to explore part 3- Sensing the Environment, the final section in unit 4 Structure and Function of Plants and Animals. He is eager to make this a hands-on experience for students and wants to build from their initial study of the external structure and function of insects. Mr. S. is also very interested in students having hands-on experiences with live organisms and wants to begin to construct a series of lessons and investigations for his students to meet the performance expectation 4-LS1-2, Use a model to describe that animals receive different types of information through their senses, process the information in their brain, and respond to the information in different ways. 

At a recent national science conference, Mr. S conducted his own hands-on experience with an investigation involving termites. Pen lines were drawn in various shapes on a piece of paper and worker termites were released onto the paper. To everyone’s amazement, the termites began to carefully follow the pen designs. Attendees began to ask questions and develop causes for why this might be happening. Was it the color of the pen or width of the pen line? Did the pen leave a groove in the paper to follow or did the termites “smell” the pen mark. Might there be another cause for this behavior by the termites? Investigations eagerly began to answer the many questions posed in the conference room. After further research, Mr. S. found out that worker termites secrete pheromones, chemical signals, to assist other termites’ search for food and nest building. Termites use their antennae to detect these pheromones and process this chemical signal in their brain to help them find their way to food or the nest, as they are blind organisms. Certain inks in pens are closely related to the pheromones secreted by the termites! He saw this investigation as a great way for students to begin to explore informational processing in a hands-on way and to emphasize the crosscutting concept, cause and effect.
Mr. S eagerly opened the class, “Let’s do a quick review of what we know about the structures of insects: look into your notebooks and talk to your group. Each group should come up with two sentences about structures of insects”. After several minutes teams of students were ready to report out about structures of insects. Mr. S’s students work in well-organized science teams. Each member of the team has a designated job assignment that are rotated throughout the year (facilitator, reporter, materials manager, and recorder.) Team 5’s reporter confidently stated that insects have three body segments: head, thorax, and abdomen. Team 2 made sure the class was reminded of the different type of legs that allowed insects to crawl, hop, or swim. Team 3 reported on the different types of antennae and how the variety of insect antennae helped the organisms sense their environment. Mr. S quickly typed into the classroom computer and projected the students’ statements on the screen.

Mr. S continued, “Today we are going make observations and set up investigations to explore termites’ ability to sense the environment!” Mr. S. projected several images of termites on the screen. “Have you ever seen termites before?” Mr. S asked. Anthony responded, “Last spring my parents had to call the termite people to clean the house. I didn’t know we had termites. The whole house was covered in plastic.” “Yes, we call that process termite disinfestation. It is quite common for wood houses to have termites living in them.” He then directed the students to draw a simple figure of a termite on their notebook. They will label the parts of the insect later. 

Next, to the amazement of the students, the teacher pulled out from inside a cabinet a tray containing several small containers. Something was moving in those containers! 

“I am going to give each group a container with a few termites in it. Please, be gentle with them as I showed you earlier.” The materials manager from each group quickly went to pick up a small container of termites from the teacher and returned to their table. He then directed the recorder in each team to draw a simple squiggle line on a piece of paper. The team facilitator carefully poured the termites from their holding container on to the paper and the remaining two students had small paintbrushes in hand to gently keep the termites on the paper. To the amazement of the students, the termites began to follow the pen design! Students recorded their observations and questions in their science notebook. 

[image: image55.jpg]


After 5-10 minutes of observations, groups were asked to generate a list of questions they had about the termites and possible ideas that explain the cause for why the termites’ behavior followed the drawings on the paper. Each reporter for the group offered an idea. “We think the cause maybe that termites follow a specific color, so I wonder if the changing color would make a difference in behavior” offered the team 2 reporter. Heather added to the list, “Team four thinks the brand of pen determines the cause for the termites to follow the lines.” Jennifer posed the question, “Does it matter if the lines are straight or curved?”  Other questions and causes included placement of termites on the paper, the width of the pen, the odor of the pen, the texture that the pen makes on the paper. From this discussion, Mr. S.’s students began develop ideas for investigations. ( 

Each team chose one variable or cause to test and examine and report the result (effect) to the class. After a discussion led by Mr. S, each team created a table to record the data for their experiment that included the variable or cause they were testing and the number of termites that followed the line drawn.  They also took observational notes during the testing time to further note the effect of the variable tested. After careful investigation and data recording, the groups carefully placing termites back into their containers and prepared to share their experimental results with the with the rest of the class. 

What became clear from the classroom discussion is that the termites followed the lines that were drawn to certain types of ballpoint pen. Ballpoint pens caused the most amounts of termites to follow the lines that were drawn on the paper (effect).

They also noted that it did not matter if the design shape was curved or straight. 

Mr. S. asks students to explain in their notebooks of how they think the termite is processing the sensory information to follow the trail that included the evidence from their investigations and provided a cause and effect relationship.  For several minutes the groups were busy sharing ideas, drawing, and revising their drawings. 

Next, he provided each student with some background reading about how worker termites communicate with special chemicals called pheromones. The text described how termites laid down these pheromones to communicate location of food or nesting locations. Termites’ antennae are able to sense these pheromones, process this information in their brain, and the effect is termites are able to travel to specific locations. Student teams read the scientific information, use the information to inform their initial model, and Mr. S lead a class discussion to link the students’ termite investigation to the big idea of informational processing. 

Conclusion

The teacher gave each student team a packet with information regarding different insects to research and report back to the class. The report had to include a description of the specific informational processing pathways unique to their assigned insect.  

Vignette Grade 5:  Students’ Performance Task on Chemical Reactions

	Name:______________________

	Starting Materials Observations:

_______________________________

_______________________________

	Ending Materials Observations:

_______________________________

_______________________________

	Based on my observations, I claim:

	_______________________________

This evidence supports my claim:

_______________________________

_______________________________




Introduction

Mrs. K.’s 5th grade class is preparing for a summary assessment on their unit “Matter and Its Interactions”, known as a performance expectation task.  The assessment includes investigations, designed to give students an opportunity to demonstrate their understanding of chemical reactions (DCI PS1.B: When two or more different substances are mixed, a new substance with different properties may be formed) through conducting a series of hands-on investigations to determine whether the mixing of two or more substances results in a new substance (PE 5-PS1-4: Conduct an investigation to determine whether the mixing of two or more substances results in new substances.) 

Through a series of lessons prior to this performance expectation task, her students developed and used a model representing the particulate nature of matter, they engaged in hands-on investigations that led them to conclude that the total weight of matter is conserved during physical and chemical processes, and they developed language to describe properties of materials including color, phase, and solubility.  

Most recently, the students completed a lesson on chemical reactions.  In this lesson, students performed and observed several different chemical reactions. They discussed types of evidence they observed including changes in temperature, color, and phase (formation of insoluble solids and gases), or emission of light or sound. In each example, they were able to see that the end products of the reaction had different properties from the starting materials.  They became familiar with using a data sheet Mrs. K prepared to collect observations and make claims (see example).  She has developed an assessment rubric based on the data sheets. 
	Demo Reaction Station
	Match + Air

	Station 1
	NaHCO3 solid (baking soda) + vinegar/cabbage juice mixture

	Station 2
	NaCl solid (table salt) + 

Sucrose (table sugar)

	Station 3
	4% borax solution + 50-50-50 Elmer’s glue with water


For this performance expectation task Mrs. K has set up a demonstration “reaction station” in the front of the classroom and three different types of student “reaction stations” (see table) that will be set up throughout the room. Materials for each of the student “reaction stations” are in tubs for easy pick-up and distribution after the activity at the demonstration station is completed.  

Mrs. K’s plan is to use the demo “reaction station,” which includes the use of fire from a match, to model the activity and make sure students understand what is expected of them at the other stations. Also she will help them make connections to prior learning experiences.  Then she will have students rotate through each of the student “reaction stations” in pairs.  Students in her class are very familiar with stations and data recording.  The following paragraphs describe how Mrs. K prepares students for the student “reaction stations”.

Mrs. K begins, “Today we are going to do our chemical reactions performance expectation task.  We will have four stations, one up front that we’ll work on as a class and three for rotations.  Similar to our reactions lab last week, you are going to mix two substances to see if a new substance is formed.  Your job will be to observe phenomena and collect data that will allow you to make a claim about whether you think a chemical reaction happened and a new substance was made.”  After answering questions, students put on goggles and Mrs. K began with the demonstration station.
When all of the students are ready, she holds up a wooden match and begins.  “We are going to start with a whole class experiment.  We’ll “mix” a match with air and try to determine if we can observe evidence of a chemical reaction.  If there is evidence, then we can claim that most likely a new substance was formed.” Putting the wooden match under her document camera, she continues “Let’s start like we did with last week’s activity, by observing our starting materials. Record three observations about this match and three observations about the air in this room.  After you have a quick share out with your elbow partner, I’ll draw sticks to share out classroom ideas. 

After a few minutes, she draws a stick and asks David to share one of his observations about the match, “It’s a match,” he says. “That is true, but we need a physical property, will you share another observation?” “It is a stick and is yellow,” he adds.  She collects this idea on the board she says “Excellent observation!”  Ideas were listed on the board. It has a red end; the middle looks like wood; it is a solid; it is likely made from more than one thing.  Similarly, she collects observations about the air in the room: It is clear; you can’t see it; it does not smell; and it is made of little particles.  For the last observation she pointed out, “We know from our previous model that air is made of tiny little particles that we can’t observe directly with just our senses. This is a very important idea.” This final idea is very challenging for students and one that Mrs. K made sure to emphasize.

Before starting stations, students reviewed what they should look for to provide evidence for a chemical reaction:  changing temperature, forming bubbles, changing color, changing phase. With additional prompting students added ideas about emission of light and making sound. 

With goggles on, Mrs. K. lights the match and students begin to write down their observations.  She blows the match out and places it under her document camera for students to continue their observations. She then draws sticks with students’ names to collect observations from the class.  “What was one thing you observed Kai?” “It was smoky, so I think the air changed.” Kai answered. “Smokey is an excellent observation, and maybe the air changed, but that is more of a conclusion than an observation.  Great start.  Taiyo, would you share an observation?” she went on. “It got hot.” Taiyo answered.  “How do you know?” she probed.  “Well it was on fire and things on fire get hot,” he responded. “That is a good idea, but it isn’t a direct observation. But you know what? I held the match and it sure did get hot, even if you all couldn’t feel it directly.”  In addition students noticed: the color of the tip and wood changed to black; light came out of the match; the left over black stuff came off easily; it made a crackling sound; and the match changed shape (“it kind of curved like a banana” according to Jenny).  Emily thought that the match looked smaller than the original and added: “Is there a way to weigh them?”  Everyone thought it was a good idea and a few children got to report how they felt compared to each other.

“So did mixing a match with air result in forming a new substance? Did we observe evidence of a chemical reaction?  Everyone -on your own- make a claim and support your claim with evidence.” After waiting a few minutes for students to make their claim and write down their evidence on their notebook, Mrs. K. initiated a class vote to indicate whether or not they thought a new substance had been made. One student stated, “It is different after mixing, the color changed and it got powdery.  Also you said it got hot, so I think that is a change in temperature.  Those are things that happen when you have a reaction, so maybe something new was made”.  Other ideas offered by students were: The fire made light; the black stuff was very different than the yellow wood; maybe the smoke was something new made from the wood and air.  

After the demonstration and discussion students began to rotate through three stations with lab partners.  They made observations and recorded data at each station as they completed their performance expectation task.

Grade 5 Vignette

The Flow of Energy and Decomposers
The vignette presents an example of how teaching and learning may look in a 5th-Grade classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Introduction
Day 1 – Oceans Alive.

Ms. D decided to use two California EEI units, The Flow of Energy Through Ecosystems and Life and Death with Decomposers, as the foundation for her From Matter to Organisms unit. She asks students to gather around and use the natural regions wall map to identify which of California’s natural regions is the largest. The students identify one of the terrestrial ecosystems, so she points them to the ocean and coast, and mentions that this region is actually the largest natural region in California. This exercise gives Ms. D an opportunity to call students’ attention to the crosscutting concept “systems and system models.” To initiate a class discussion she asks students to identify some of the components (organisms) pictured in the ocean diagram. Reminding them “a system can be described in terms of its components and their interactions,” Ms. D has students speculate about some of the interactions that might take place among these ocean organisms.

She continues by calling the students’ attention to word wall cards for the words “ecosystem,” “consumer,” and “producer” and reviews the definitions. Ms. D points to the inset on the map titled “Ocean Regions”. She tells students that they are going to learn about these words by reading an informational text about the Humboldt squid, an animal that lives in areas that are often difficult for scientists to study.

The teacher distributes copies of the story, “The Mysterious Humboldt Squid,” and explains that, as they are reading, they will highlight each of the organisms that they read about and identify them as producers or consumers. Once they have finished reading the text Ms. D shows the class the “marine organisms” visual aid and instructs them to use information from the story to identify the organisms as producers or consumers, thereby developing their abilities to quickly locate answers to questions from written text.

Day 2 – Where My Energy Comes From—Food Chains.

Ms. D reviews the word wall cards for “producer” and “consumer” on the board. She then adds the word wall cards for “herbivores,” “carnivores,” and “omnivores” beneath the card for “consumer,” explaining that these are three types of consumers, then has the students read the definitions.

The teacher distributes one of the fourteen “organism bank” information cards to pairs of students. She then has them draw on information from these different print sources and discuss whether their organisms are producers, herbivores, carnivores, or omnivores and has them put the pictures of their organisms under the appropriate headings. Ms. D uses this strategy to develop the students’ ability to locate an answer to a question quickly.

Ms. D tells students that they are going to use the “Where I Get Energy” information sheet to help them identify feeding relationships among the organisms they have been studying. She has pairs of students take the information card they used in the previous activity, choose an organism with which they think it has a feeding relationship, and briefly explain the relationship to the class. The teacher explains that the term for these feeding connections is “food chain,” and posts the word wall card on the board.

Building further on their ability to develop models that describe phenomena, in this case food chains, Ms. D has additional students continue this process by adding a third and then a fourth organism to the “chain” of feeding relationships. The teacher posts several of these food chains on the board and connects them with arrows representing the feeding relationships described by the students. This activity provides Ms. D an opportunity to call students’ attention to the crosscutting concept energy and matter. “She initiates a focused discussion about how their food chain models demonstrate how “matter is transported into, out of, and within systems.”

Day 3 – Connecting Food Chains.

Ms. D reminds the class about the earlier lesson when they learned how plants acquire material for growth. She then mentions that the feeding relationships they have been identifying that model how matter moves between plants and animals, and among animals.

She projects the “Marine Ecosystem Food Web” visual aid and asks students if what they are looking at is a food chain. Several of the students observe that the drawing shows many different lines and connections among the plants and animals. Ms. D posts the word wall card for “food web” and explains that the arrows on the visual aid represent a model of a “food web,” the many interconnected food chains in an ecosystem. Once they have a clear understanding of the food web, she asks them to follow the path from any of the animals and discover that the food for all of the animals can be traced back to plants. Ms. D follows that up with questions that help all of the students clarify that among the organisms represented in the food web, some animals eat plants for food and other animals eat the animals that eat the plants.

Day 4 –Decomposition in Action.

In order to solidify their understanding of food webs and begin her instruction on decomposition, Ms. D takes the class on a visit to a local nature center. In preparation, she has spoken to the staff and asked them to work with her to identify a specific area where the class can investigate food webs and observe an area where decomposition is an active process. One of the nature center staff takes the students out into a wooded area and helps them identify several different producers and consumers. As students discover what lives in the area the teacher asks them to work together to create and discuss a food web for this terrestrial ecosystem. With that complete, the center staff member asks them, “What happens when one of the plants or animals and the food web dies?”

Using definitions from her word wall cards, Ms. D introduces the students to two new terms “decomposers” and “decomposition.” The staff member tells them to look around and see if they see any evidence of decomposition nearby, for example, leaves, a tree trunk, or a dead insect on the ground. She asks them what is happening to those objects, and leads them through a discussion about how the tree trunks, leaves, or animals are breaking down and reentering the soil.

Day 5 – Examining the Evidence.

When they return to the classroom after the field trip, Ms. D has them read the information text, “Decomposition in the Forest.” She then projects her “Evidence of Decomposition” visual aids and asks the students to describe what they see. As they describe what they see, Ms. D explains that when matter decomposes it may seem to “disappear,” but it is actually moving into a different part of the ecosystem releasing nutrients back into the soil, air, or water. To help the students solidify their understanding of the decomposition process, she distributes “Breaking It down—in the Forest” and has them follow the instructions to describe what is happening in the decomposition story.

In review, Ms. D instructs the students to look at the diagram on “Breaking It down—in the Forest” and make observations about any patterns they see. Several of the students comment that the drawing shows the matter flowing among plants, animals, and microbes as these organisms live and die. She asks, “Does this flow of matter occur only once or is it an ongoing process?” and leads the class in a discussion that helps students recognize that the flow of matter in the diagram is an example of a cycle. She then writes a definition for the word “cycle” on the board, “a series of processes or events that typically repeats itself, such as the water cycle.”

In order to help students recognize the importance of matter moving through ecosystems among plants, animals, and decomposers, Ms. D asks them, “What would happen if the cycle of matter flowing through ecosystems is interrupted by human activities?” This allows the students to begin building an understanding that human activities can affect “the exchange of matter between natural systems and human societies affects the long-term functioning of both” (California Environmental Principle IV).

Ms. D asks students to reflect on how decomposition is important to them, strengthening their understanding that “the ecosystem services provided by natural systems are essential to human life and to the functioning of our economies and cultures. (California Environmental Principle I, Concept b). Several students mention that the decomposition process is related to the compost pile that the class has been managing near their school garden. Some of the others discuss that they are surprised that by composting at home, they are keeping most of the plant materials from their meals and yards from going into the landfill and they think their gardens benefit from the nutrients in the compost.

Days 6-7 – Modeling the Movement of Matter.

The following week, Ms. D tells the class that they will be doing presentations that show models that describe the movement of matter among plants, animals, decomposers and the environment. She explains that their presentations need to include multimedia components, such as a PowerPoint presentation or visual displays, such as posters. The focus of these presentations is to be about how decomposition works, the benefits that humans gain from this process, and their predication about how human activities can affect the exchange of matter between natural systems and human societies. Ms. D lets the students know that their displays will be part of a science gallery walk that the school is holding later in the month.
	Performance Expectations

	5-LS2-1 Ecosystems: Interactions, Energy, and Dynamics

Develop a model to describe the movement of matter among plants, animals decomposers and the environment. [Clarification Statement: Emphasis is on the idea that matter that is not food (air, water, decomposed materials in soil) is changed by plants into matter that is food. Examples of systems could include organisms, ecosystems, and the Earth.] [Assessment Boundary: Assessment does not include molecular explanations.]

	Science and engineering practices
	Disciplinary core ideas
	Cross cutting concepts

	Developing and Using Models
Develop a model to describe phenomena.
	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.

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.


	Systems and System Models

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

Energy and Matter

Matter is transported into, out of, and within systems.

	California’s Environmental Principles and Concepts

	Principle I: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.

Concept b. Students need to know that the ecosystem services provided by natural systems are essential to human life and to the functioning of our economies and cultures.
Principle IV: The exchange of matter between natural systems and human societies affects the long-term functioning of both.

Concept a. Students need to know that the effects of human activities on natural systems are directly related to the quantities of resources consumed and to the quantity and characteristics of the resulting byproducts.


Vignette Debrief

The CA NGSS require that students engage in science and engineering practices to develop deeper understanding of the disciplinary core ideas and crosscutting concepts. The lessons give students multiple opportunities to engage with the core ideas in life sciences related to the flow of matter and energy in ecosystems, helping them to move towards mastery of the three components described in the CA NGSS performance expectation.

In this vignette, the teacher selected one performance expectation but in the lessons described above she only engaged students in selected portions of this PE. Full mastery of this PE will be achieved throughout subsequent units.

Students were engaged in a number of science practices with a focus on developing and using models. Life sciences lend themselves well to the use of models to describe systems and describe phenomena.

With guidance from their teacher, students developed models that describe phenomena, in this case food chains and food webs. They used these models to describe the movement of matter among plants, animals, decomposers and the environment. They made presentations about their models to explain how decomposition works and connected this information with California Environmental Principle IV to predict how human activities and “the exchange of matter between natural systems and human societies affects the long-term functioning of both.”

Through their food chain and food web models, students examined the crosscutting concept of energy and matter to identify how matter is transported into, out of, and within natural systems. In addition, their understanding of the crosscutting concept of systems and system models was reinforced through their analysis of the flow of matter through marine ecosystems.

CCSS Connections to English Language Arts
Students used the text in “The Mysterious Humboldt Squid” and “Decomposition in the Forest” to determine how matter flows in both marine and forest ecosystems. This connects to the CA CCSS for ELA/Literacy Reading Informational Text standards (RI.7). In addition, they developed presentations including multimedia components or visual displays which summarized information about food webs and how human activities can influence them, which corresponds to Speaking and Listening Standard 5 (SL.5.5).
Connections to CA ELD Standards

Resources for the Vignette
· California Education and the Environment Initiative. 2011. The Flow of Energy Through Ecosystems. Sacramento: Office of Education and the Environment.

· California Education and the Environment Initiative. 2011. Life and Death with Decomposers. Sacramento: 

· Office of Education and the Environment.

Grades 6-8 Integrated

Unit 2 Engineering and Physical Science Snapshot:

 Motions and Thermal Energy
This snapshot presents an example of how teaching and learning may look like in the classroom when the CA NGSS are implemented.  The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit. A Snapshot provides fewer details than a vignette (e.g., the unit 2 vignette “Interactions of Earth Systems Cause Weather”).

Mr. A began unit 2 by eliciting what students knew about the forms and transformations of energy based on daily experiences or what they remembered from classroom investigations in grades 4 and 5. He steered student small group discussions towards phenomena in their daily lives such as the warming effect of rubbing hands together or doing vigorous exercise. Building on those kinds of experiences, students conducted investigations that connected motions of objects with changes in thermal energy. Mr. A emphasized these energy transformations because these experiences from our macroscopic level of reality are necessary to help students connect the motion energy of invisible particles with the observed temperature of materials.

For homework, students read an illustrated one-page handout about a scientific paper published by Count Rumford in 1798. Count Rumford was born with the name Benjamin Thompson in Massachusetts. During the War of Independence, Thompson fought for the British against the American revolutionaries, and had to flee from his home to save his life. 

In Europe after the war, Thompson became famous as a scientist and inventor and he was honored with the title and name of Count Rumford. In one famous public experiment, Count Rumford used the process of making a cannon to investigate the change of motion energy to thermal energy. He set up an experiment where a horse trotting in a circle caused a metal borer to dig a hole into an iron cylinder that was completely covered with water (Figure 6). All the people watching were amazed when the friction of the borer grinding into the cannon caused the water to boil.

Count Rumford’s Experiment
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 Figure 6: The kinetic energy of a horse moving in a circle heated water surrounding a cylinder of iron so much that the water boiled without any fire. (Sussman 2006)

The day after the homework reading, the students discussed in small groups the flows of energy that were involved in the making of the cannon. They diagrammed the cause and effect relationships that were happening at the macroscopic level (horse, metal boring machine, water) and also at the invisible level of the water particles. After extensive small group and teacher-facilitated whole class sharing of diagrams and discussions, they reached the following consensus statements:


* the motions that the people saw caused the heating and boiling that they could 
feel and see;


* at the macroscopic level (our level), kinetic energy of the horse transferred 
to kinetic energy of the iron boring machine which transferred to thermal energy 
of the water;


* at the particle level, kinetic energy of the boring machine transferred to kinetic 
energy of the water particles.

The following day, Mr. A introduced the design challenge for students in teams of three to design, construct, and test a device that either minimizes or maximizes the transfer of thermal energy. Mr. A facilitated a whole class discussion about constraints (such as safety, cost, class time, and availability of materials/equipment) and criteria for success. Student teams brainstormed the materials and the flows of thermal energy that they would investigate. In their initial design proposal, they specified the materials and processes they would use and how they would test their devices. Student teams provided most of the feedback to each other, with Mr. A intervening only as absolutely needed to keep the teams on task and within the criteria and constraints. The engineering challenge concluded with student teams presenting and comparing their project results and how their projects developed over time.

NGSS Connections in the Snapshot
	Performance Expectations


MS-PS3-3. Apply scientific principles to design, construct, and test a device that either minimizes or maximizes thermal energy transfer. * 

MS-PS3-4.Plan an investigation to determine the relationships among the energy transferred, the type of matter, the mass, and the change in the average kinetic energy of the particles as measured by the temperature of the sample.

MS-PS3-5. Construct, use, and present arguments to support the claim that when the kinetic energy of an object changes, energy is transferred to or from the object.
MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural world.

MS-ETS1-3. Evaluate data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success.

	Disciplinary Core Ideas

PS3.A: Definitions of Energy

PS3.B: Conservation of Energy and Energy Transfer

ETS1.A: Defining and Delimiting Engineering Problems

ETS1.B: Developing Possible Solutions

ETS1.C: Optimizing the Design Solution

	Scientific and Engineering Practices

Asking Questions and Defining Problems
Define a design problem that can be solved through the development of an object, tool, process, or system and includes multiple criteria and constraints, including scientific knowledge that may limit possible solutions. 
Planning and Carrying Out Investigations 
Conduct an investigation and/or evaluate and/or revise the experimental design to produce data to serve as the basis for evidence that meet the goals of the investigation.

Collect data about the performance of a proposed object, tool, process, or system under a range of conditions.
Analyzing and Interpreting Data
Analyze and interpret data to provide evidence for phenomena.
Constructing Explanations 
Construct an explanation that includes qualitative or quantitative relationships between variables that predict(s) and/or describe(s) phenomena.
Apply scientific ideas, principles, and/or evidence to construct, revise, and/or use an explanation for real-world phenomena, examples, or events.

Undertake a design project, engaging in the design cycle, to construct and/or implement a solution that meets specific design criteria and constraints.
Engaging in Argument from Evidence 
Respectfully provide and receive critiques about one’s explanations, procedures, models, and questions by citing relevant evidence and posing and responding to questions that elicit pertinent elaboration and detail.
Obtaining, Evaluating, and Communicating Information
Communicate scientific and/or technical information (e.g., about a proposed object, tool, process, system) in writing and/or through oral presentations.

	Crosscutting Concepts

Energy and Matter: Flows, Cycles, and Conservation
Energy may take different forms (e.g., energy in fields, thermal energy, energy of motion). 

The transfer of energy can be tracked as energy flows through a designed or natural system.
Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.
Scale, Proportion, and Quantity
Time, space, and energy phenomena can be observed at various scales using models to study systems that are too large or too small.




Unit 2 Vignette:

 Interactions of Earth Systems Cause Weather
This vignette presents an example of how teaching and learning may look like in the classroom when the CA NGSS are implemented.  The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunity to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses.  

First Learning Set

The physical science concepts and engineering design practices in the “Motions and Thermal Energy” snapshot set the stage for exploring the water cycle, weather, and California climates regions. Since water plays such a large role in weather, the unit 2 vignette begins with the water cycle. Students have already explored the reservoirs of the water cycle in grade 5, but they have not deeply investigated the complexities of its flows and processes. 

In small group and whole class discussions, students reviewed the reservoirs of the water cycle that they had learned in fifth grade. They described the physical state of water (solid, liquid, gas) in each of the reservoirs. However, even when they included the atmosphere as a reservoir of the water cycle, students tended to emphasize liquid water in clouds rather than the invisible water vapor gas in air.

Ms. L then got their attention by bringing out an insulated container that had dry ice in it. She poured 91% isopropyl alcohol into the container to create an extremely cold bath that bubbled. Something visible formed and flowed around the insulated container. Students described it as smoke or fog or steam. Ms. L challenged the students to make careful, detailed observations; to discuss these observations in small groups; and to make an evidence-based claim about the nature of the “smoke/fog/steam,” or SFS as they started calling it in texting mode. She pointed out that while they were discussing, she would put some small pieces of dry ice into a latex-free surgical glove, and tie off the end of the glove. That way they could have some carbon dioxide gas to observe as well.  

The students reached a general consensus that the SFS was visible, that it felt sort of cool and moist, and that it seemed to be flowing downwards around the container. They argued with evidence that the SFS could not be water vapor because it was visible. However, there was much more confusion than consensus about what the SFS could be. 

When Ms. L lifted the hugely expanded glove, students laughed about its shape, and wanted to know more about the properties of carbon dioxide gas. Ms. L cut one of the glove “fingers” to be able to release the carbon dioxide in a controlled manner. As a whole class, students observed that the gas is invisible. After Ms. L extinguished a lit candle by “pouring” some of the invisible gas over it, they reached the conclusion that carbon dioxide gas must be heavier than regular air.

Students returned to their small groups to summarize all the pieces of evidence, and try again to make claims and evidence about the nature of the SFS. All the student groups realized that its visibility meant that SFS could not be water vapor or carbon dioxide. Gradually intra-group and cross-group discussions resulted in the conclusion that SFS must be water drops that condensed from water vapor in the air. One team made a model drawing showing a progression of three stages: 


1) cold carbon dioxide gas flowing over the edge of the container and then 
sinking downward;


2) water vapor in the air cooling as the cold CO2 gas contacted it; and


3) the cooled water vapor condensing into small drops (fog).  

Ms. L concluded the lesson by putting a test tube of water with an inserted temperature probe into the dry ice/isopropyl alcohol bath. She showed how quickly the water froze. She called on students to read the temperature on the probe, and they noted that it was in minus degrees Celsius, meaning that it was colder than the freezing point of water. She took the test tube and carefully suspended it in warm water. Students recorded the increase in temperature as the super-cooled ice warmed towards zero degrees C.  

The following day the students reviewed the experiences from the previous day including the super-cooled ice and how its temperature started below 00C. Students then worked in teams to slowly and steadily heat a mixture of ice and water, and to keep recording the temperature and to also record when melting was happening. The handout that she provided included a data table for recording temperature, elapsed time, and whether melting was happening. For safety reasons, the students had to stop their experiments when the temperature of their water reached 450C.

Using graph paper, and each student team created a labeled graph and entered their data on the graph. The students generally obtained graphs that showed a mostly flat temperature line near 00C during the time of melting, and then a steady rise in temperature after all the ice melted. 

Ms. L then asked the teams to predict on their graph what it would look like the next day when she demonstrated heating the water until it boiled and while it kept boiling. They also needed to note on their prediction when the boiling was happening just as they had noted when the ice was melting. 

The following day the teams shared their predictions and their reasoning. Then Ms. L demonstrated the heating of water to the boiling stage and for a period of continuing boiling. Students recorded the observed temperatures on their graphs, and compared the observations with their predictions. At the end of the demonstration, students discussed the results as a whole class.

Heating Water from Below Freezing to Above Boiling
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Figure 7: Continuously adding thermal energy increases the temperature from super-cooled ice to superheated steam. Heating does not cause the temperature to significantly increase during the phase changes of melting (B) and boiling (D). Heating when there is no phase change happening results in temperature increasing (A, C and E). (Illustration from Mr. Kent’s Chemistry Page at http://kentchemistry.com/links/EnergyComplexCal/Problems.htm) 

The next day, Ms. L projected a graph of phase changes in water that was posted on the web by a chemistry teacher (Figure 7). Students discussed this graph in small groups, and wrote explanations for what they thought was happening in the parts of the graph labeled A, B, C, D and E. 

The students consistently identified temperature as a measure of the average kinetic energy of invisible particles of water. They correctly related higher temperatures with increased particle motion, and lower temperatures with decreased particle motion. Based on their own experiments and the teacher demonstration, students readily explained that the upward lines occurred when there was no phase change happening. They also readily stated that the flat lines at B and D occurred when there was a phase change happening. However, they had a hard time clearly explaining why the temperature was not increasing during melting and boiling even though more thermal energy kept being added. 

Energy Transfers and Phase Changes of Water
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Figure 8: Evaporation and melting involve absorption of thermal energy. In contrast, condensation and freezing involve the release of thermal energy.
Ms. L then projected a slide showing phase changes as a kind of physical reaction. Students discussed in groups how the arrow diagram on the top line of Figure 8 might help explain why the temperature remained fairly constant during evaporation even though thermal energy continued to be added. After five minutes, the student group that included Kelly started clapping and cheering. Other students asked them what had happened. 

Kelly stood up and said that she thought they had finally explained it, but didn’t know if they could repeat the explanation. After encouragement, she said, “The hot plate keeps giving off thermal energy. Usually that makes the water particles move faster, so then the temperature goes up. But once the water boils, the hot plate energy makes the boiling thing happen instead of making the particles move faster. So then the temperature does not change. I think I just said that the right way, didn’t I?” 

Second Learning Set

Ms. L began the next set of lessons by asking students how many different kinds of places they know about in California. The conversation led to a beginning list with names of some cities, and also some descriptions based on types of natural environments (beach, mountain, desert, redwood forest). She then distributed a map showing 16 different California Climate Zones (Figure 9), and had the students work in eight groups to identify the previously listed locations on the map, any new locations that the map made them think about, and also discuss what they thought a “climate zone” meant.

California’s Climate Zones
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Figure 9: California can be described as having 16 different climate zones. (Pacific Gas and Electric 2015)

After the students had time to engage with the task and do a preliminary whole class sharing, Ms. L provided a handout describing eight representative zones that she had condensed from the Pacific Energy Center’s Guide to California Climate Zones. She used a combined student-choice/teacher-assignment technique to allocate the eight zones among the groups. Each team had to research their climate zone and develop posters communicating key features about their climate zone including topography, geographic locations, distinctive climate features, and representative graphs of annual temperatures/precipitation. They had to describe something new they had learned, and also at least one scientific question they had about that climate zone.

Students shared and learned about the different climate zones through a gallery walk of the posters, listening to presentations by the groups, and asking questions of the presenters. Facilitated whole class discussions helped summarize the differences between weather and climate, the different kinds of climate zones in California, and possible causes for the differences in annual temperatures and precipitation. Students highlighted key patterns (e.g., effects of latitude, altitude, closeness to the ocean, and closeness to mountains).  Student teams also recorded any “cause and effect why” questions they had about the data.

Toward the end of the week, each team shared their “why” questions. The questions tended to cluster into four groups: 


* why it is so much colder in northern California than in southern California 
even though they are both in the same state;


* why places near the ocean have temperatures that change less between day 
and night;


* why higher altitudes have so much rain; and 


* why the deserts are located where they are. 

Ms. L concluded this discussion by saying that they would conduct some investigations during the next week to help answer the last three questions, and that they would cover the first question in their next unit about climate around the world. 

Third Learning Set
At the start of the third week, students followed procedures to investigate differences between heating air and heating water. They used an electric light to heat two identical bottles closed with rubber stoppers. One of the bottles was filled with water and the other bottle was filled with air. Their task was to record and graph the temperatures for 10 minutes while the light was on and then another 15 minutes after turning off the light. Ms. L called their attention to the data sheet and labeled graph that she had included in the written procedures. She told them that in future experiments the student teams would get to design their own data sheets and graph labels. 

Both bottles started at a temperature of 200C. With the light on, the temperature in the air bottle increased on average to 550C while the temperature in the water bottle only increased on average to 230C. After the lights was turned off, the water bottle temperature generally decreased about 300C while the water bottle decreased on average only 1.50C. 

After doing the experiment, each student team created and displayed a poster showing their results. In their poster, they made a claim about the differences between heating air and heating water, and they wrote or illustrated the evidence for their claim. After a gallery walk and whole class discussion, the class reached a consensus claim that the same amount of added thermal energy caused the temperature of air to increase much more than the temperature of water, and that the water released its thermal energy much slower than the air did. 

One student group agreed with the statement about the increase in temperature. However they argued that the evidence for a difference in cooling was very weak. It was not fair, they pointed out, to compare cooling from 550C with cooling from 230C. Ms. L took this unplanned opportunity of the excellent student critique to ask if there was a way to make a better comparison of the cooling rates of air and water.

Several student groups proposed pre-heating bottles of air and water to the same temperature, and then comparing their rates of cooling. A team of students volunteered to demonstrate the experiment the following day. Their subsequent demonstration confirmed that the same volume of water cooled at a much slower rate than the same volume of air.  

Ms L then introduced the term “heat capacity,” and challenged each student team to use the concept of heat capacity to explain the pattern that California locations near the ocean have less variation in day/night temperature than locations farther away from the ocean. Each team then communicated its explanation and reasoning to a different team.   

Having discussed the temperature differences among California regions, students transitioned to their questions about the precipitation differences. Ms. L explained that they would have to learn about the concept of relative humidity in order to understand why higher altitudes have more precipitation. The student activity began with small group discussions about the term “humidity.” Students shared experiences they may have had with conditions of high and low humidity (e.g., a hot day where they sweated a lot compared with a hot day in the desert), and what they thought caused high and low humidity. After small group and whole class discussions, students reached a consensus that humidity was related to the amount of water vapor in the air.
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Figure 10: Grams of water vapor that a kilogram of air can hold at different temperatures. Red line indicates 100% relative humidity and green line represents 50% relative humidity. (Cleaning Technologies Group 2013) 

Ms. L then distributed a graph of relative humidity comparing the amount of water vapor that air can hold at different temperatures (Figure 10). Each student team answered a series of questions about the data in the graph. These questions progressed in complexity starting with identifying specific data on the graph (e.g., the maximum amount of water that 1 kilogram of air can hold at different specific temperatures). More complex questions included students predicting what would happen to air that had a relative humidity of 50% at 360C if it was cooled to 300C, 260C or 200C. As part of the prediction, students had to include the evidence for their answers. The final written question for each team was to communicate in words and/or pictures a definition of relative humidity.

Student teams first worked among themselves and then shared with other teams as needed. Ms. L interacted with teams, helping them to focus on their tasks, and providing limited hints and guidance. At appropriate times, she initiated whole class discussions which eventually resulted in a class consensus on the meaning of relative humidity, and how that concept related to the higher levels of mountain precipitation caused by the cooler temperatures at higher elevations. Her final oral class question for that assignment related to explaining the pattern that the eastern side of California mountains, even at high elevations, have lower amounts of precipitation than the western side. 

Based on the California climate data that they had learned, each of the student teams drew a systems model of the water cycle for a location in their assigned climate zone during two different seasons of the year. As a class, they began by reviewing the features of a systems diagram (boundary, components, inputs/outputs, interactions, and system property).  

After the student teams had completed their initial models, Ms. L initiated an activity that would help them create more accurate and complex water cycle diagrams. She knew from experience and research that while students often can list the locations where water is located, they tend to have very limited or simplified ideas about the dynamic nature of the interconnections among these reservoirs. For example, even though they may have seen clouds disappear because of evaporation of their water back into the atmosphere, they tend to think that water in clouds can only precipitate (Ben-zvi-Assarf and Orion 2005). Students also tend to think that water remains in a specific reservoir until it does the one process that could move it out of that reservoir. For example, they tend to model water in a river as only flowing into the ocean, whereas in reality the river water can evaporate, submerge under the surface, or be taken into the body of a plant or animal.

To help students consider these complexities, Ms. L led students through a simple kinesthetic game. Each student played the role of a water particle (or H2O molecule if students are comfortable with that terminology) and moved around the room through different stations that represented different places that water is located (ocean, plant, atmosphere, cloud, mountain glacier, polar ice cap, etc.). At each station, the student rolled dice and read from an instruction sheet whether they stayed at that station for another turn or moved to a different station via a water cycle process. In essence, the students became physical models of all the processes of the water cycle. 

After the exercise, students commented about it and summarized what they had learned. Key points included:


* the number of inputs and outputs for the different reservoirs;


* the different residence times in the reservoirs;


* the changes in state associated with the water cycle interconnections;


* the continuous, rather than linear, nature of the water cycle; and


* the role of gravity in causing precipitation, downhill flow of surface water, 
infiltration of 
surface water into the ground, and downhill flow of glacial ice.

After this kinesthetic lesson, student teams returned to their regional water cycle diagrams and incorporated more of these interconnections, inputs and outputs. Students then shared their regional water cycle diagrams, critiqued and extended each other’s presentations, and achieved a more complete group understanding of water cycle reservoirs and processes. As a whole class activity, they created a color-coded map representing the average annual precipitation that included all of their California regions. To create this representation, they needed to collaborate on deciding the range of values to use, and how to represent the entire spectrum of data. They compared their whole class model with a representation that Ms. L had downloaded from the internet (Figure 11), which they then used to complete and revise their state map.

Average Annual Precipitation in California
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Figure 11: Color-coded map of average annual precipitation in different California regions with mountains indicated by shaded relief. (GeologyCafe 2012)  

This part of their unit on weather and the water cycle concluded with presentations that the class made for different audiences about California climate and precipitation. In each presentation, students highlighted the patterns of temperature and precipitation in each of the eight California regions that they had investigated. They also explained the different factors that were involved in causing significant climate patterns such as comparatively small variation in coastal day/night temperatures, high levels of mountain precipitation, and the rain shadow effect of coastal and Sierra Nevada mountains on the Central Valley and on Eastern California respectively.     

NGSS Connections in the Vignette
	Performance Expectations


MS-ESS2-4. Develop a model to describe the cycling of water through Earth’s systems driven by energy from the sun and the force of gravity. 

MS-ESS2-6. Develop and use a model to describe how unequal heating and rotation of the Earth cause patterns of atmospheric and oceanic circulation that determine regional climates.  
MS-PS3-4.Plan an investigation to determine the relationships among the energy transferred, the type of matter, the mass, and the change in the average kinetic energy of the particles as measured by the temperature of the sample. 

	Disciplinary Core Ideas

ESS2.C: The Roles of Water in Earth’s Surface Processes

ESS2.D: Weather and Climate

PS3.A: Definitions of Energy

PS3.B: Conservation of Energy and Energy Transfer

	Scientific and Engineering Practices

Asking Questions
Ask questions that arise from careful observations of phenomena, models, or unexpected results to clarify and/or seek additional information.
Developing and Using Models 
Develop and/or use a model to predict and/or describe phenomena. 

Develop and/or use a model to generate data to test ideas about phenomena in natural or designed systems, including those representing inputs and outputs, and those at unobservable scales.
Planning and Carrying Out Investigations 
Conduct an investigation and/or evaluate and/or revise the experimental design to produce data to serve as the basis for evidence that meet the goals of the investigation.
Analyzing and Interpreting Data
Construct, analyze and/or interpret graphical displays of data and/or large data sets to identify linear and nonlinear relationships.

Use graphical displays (e.g., maps, charts, graphs, and/or tables) of large data sets to identify temporal or spatial relationships.
Constructing Explanations 
Construct an explanation that includes qualitative or quantitative relationships between variables that predict(s) and/or describe(s) phenomena.
Construct an explanation using models or representations.

Apply scientific ideas, principles, and/or evidence to construct, revise, and/or use an explanation for real-world phenomena, examples, or events.
Engaging in Argument from Evidence 
Respectfully provide and receive critiques about one’s explanations, procedures, models, and questions by citing relevant evidence and posing and responding to questions that elicit pertinent elaboration and detail.
Obtaining, Evaluating, and Communicating Information
Critically read scientific texts adapted for classroom use to determine the central ideas and/or obtain scientific and/or technical information to describe patterns in and/or evidence about the natural and designed world(s).

Communicate scientific and/or technical information (e.g., about a proposed object, tool, process, system) in writing and/or through oral presentations.

	Crosscutting Concepts

Patterns
Patterns can be used to identify cause-and-effect relationships.

Graphs, charts, and images can be used to identify patterns in data.
Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.
Systems and System Models
Systems may interact with other systems; they may have subsystems and be a part of larger complex systems.

Models can be used to represent systems and their interactions – such as inputs, processes, and outputs – and energy, matter, and information flows within systems.




Unit 3 Snapshot

Asexual and Sexual Reproduction
This snapshot presents an example of how teaching and learning may look like in the classroom when the CA NGSS are implemented.  The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit. A Snapshot provides fewer details than a vignette (e.g., the unit 2 vignette “Interactions of Earth Systems Cause Weather”).

Ms. Z wanted to use an engaging activity to help students to transition from their analyses of the causal connections between genes and traits into comparing asexual and sexual reproduction. Basing the activity on an interactive lesson from the University of Utah Learn Genetics website (University of Utah Health Sciences 2015), Ms. Z provided background information about reproduction in sunflowers, earthworms, strawberries, and whiptail lizards. Students discussed in teams how to describe the reproductive process in each organism (asexual, sexual, or both) and the evidence for their categorizations. Whole class sharing resulted in common answers and evidence. Small student teams then had time to explore the website (possibilities would be in computer lab, in class with tablets, at home, in a library) in order to select two organisms that have different processes of sexual reproduction.

The following day, student teams made system models of the reproduction processes for each of their two selected organisms. Each of the system models had to explain why the progeny would have identical or different genetic information from each other. Students posted one of their system models on the wall, and then individually walked around the room, and analyzed each posted model. They pasted Sticky notes next to the models with any questions or disagreements they had with respect to the conclusions and/or evidence. After the presenters had time to look at the Post-Its, the whole class paid attention as each presenting team appropriately responded to the comments.

NGSS Connections in the Snapshot

Performance Expectations


MS-LS3-2. Develop and use a model to describe why asexual reproduction results in offspring with identical genetic information and sexual reproduction results in offspring with identical genetic information. 

Disciplinary Core Ideas

LS1.B: Growth and Development of Organisms

LS3.B: Variation of Traits

Scientific and Engineering practices

Developing and Using a Model
Develop and/or use a model to predict and/or describe phenomena.

Develop a model to describe unobservable mechanisms.
Constructing Explanations 
Apply scientific ideas, principles, and/or evidence to construct, revise, and/or use an explanation for real-world phenomena, examples, or events.

Engaging in Argument from Evidence 

Respectfully provide and receive critiques about one’s explanations, procedures, models, and questions by citing relevant evidence and posing and responding to questions that elicit pertinent elaboration and detail.
Crosscutting Concepts

Patterns
Macroscopic patterns are related to the nature of microscopic and atomic-level structure.

Patterns may be used to identify cause-and-effect relationships.
Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.
	CCSS Connections to English Language Arts and Mathematics
The CA NGSS promote a vision of science learning as an interdisciplinary undertaking and each standard includes the connections to the CA CCSS for ELA/Literacy and the CA CCSSM. The snapshot highlights the dynamic integration of science with English language arts and math standards to ensure student learning across disciplines.



Unit 4 Snapshot 1

Global Warming
This snapshot presents an example of how teaching and learning may look like in the classroom when the CA NGSS are implemented.  The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit. A snapshot provides fewer details than a vignette (e.g., the unit 2 vignette “Interactions of Earth Systems Cause Weather”).

Performance expectation MS-ESS3-5 focuses on students “asking questions to clarify evidence of the cause of global warming.” Ms. D’s students analyzed the Figure 19 model of Earth’s energy flows. They discussed in small groups the changes in energy flows that could logically cause global warming. One student group used an analogy with a family’s budget. The change in amount of money they had depended on how much came into the family and how much left the family. The amount that they circulated within the family did not change how much money the family had. By analogy, students concluded that changes in flows associated with part 3 (conduction, convection and radiation within the Earth system) were within the “planet Earth family” and would not directly change Earth’s global temperature. On the other hand, changes to the amount of solar energy entering the Earth system could directly change Earth’s global temperature. Similarly, a change to the amount of energy leaving the Earth system could also directly change Earth’s average global temperature. 
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Figure 21: The increase in global average temperature compared with changes in solar output during the same time period. (Skeptical Science 2015) 
As a result of this analysis, students decided to focus their questions on whether there have been changes to the entry of solar energy or the exiting of thermal energy. Several student teams downloaded graphs that provided evidence that they used in making the claim that changes in solar energy inflow were not responsible for the rise in global temperatures (Figure 21). In fact, the data show that the energy from the Sun had actually decreased during the past 50 years, a time period when global temperatures increased the fastest. 

This evidence led students to focus on the exiting of energy from the Earth system (long red IR radiation arrow from Earth’s surface to Outer Space in Figure 19). Different teams found a variety of graphs from government and scientific sources providing evidence that today’s global warming is caused by increases in “heat-trapping greenhouse gases,” especially carbon dioxide (Figure 22). 

Global Temperature and Carbon Dioxide Over the Past 1,000 Years
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Figure 22: Graph shows the CO2 concentration in the air (blue) and average global temperature increase (red) between the years 1000 and 2013. (From Dr. Art Sussman, courtesy of WestEd)
Students also found some websites that claimed either that global warming was not happening or that any warming that was happening was not caused by human activities. These websites led to discussions about how to evaluate information related to science, especially connected with topics that are socially controversial. Students shared information from other classes about carefully analyzing the sources of information, especially from the internet. The teacher shared information about the consensus of more than 95% of climate scientists that global warming is happening, and that it is caused by human activities, especially the combustion of fossil fuels. 

Students then researched the topic of greenhouse gases, and confirmed that the greenhouse effect is a natural process that actually is vital for making Earth warm enough for anything like today’s complex web of life. Some students used the phrase, “You can have too much of a good thing” when they explained how increasing the greenhouse effect could be a major problem.

NGSS Connections in the Snapshot

Performance Expectations


MS-ESS3-5. Ask questions to clarify evidence of the factors that have caused the rise in global temperatures over the past century.

Performance Expectations


MS-ESS3-5. Ask questions to clarify evidence of the factors that have caused the rise in global temperatures over the past century

Disciplinary Core Ideas

ESS3.D: Global Climate Change

PS3.B: Conservation of Energy and Energy Transfer

Scientific and Engineering practices

Developing and Using a Model
Develop and/or use a model to predict and/or describe phenomena.

Develop a model to describe unobservable mechanisms.
Analyzing and Interpreting Data
Analyze and interpret data to provide evidence for phenomena.
Constructing Explanations and Designing Solutions 
Construct an explanation that includes qualitative or quantitative relationships between variables that predict(s) and/or describe(s) phenomena.
Apply scientific ideas, principles, and/or evidence to construct, revise, and/or use an explanation for real-world phenomena, examples, or events.

Engaging in Argument from Evidence 
Construct, use, and/or present an oral and written argument supported by empirical evidence and scientific reasoning to support or refute an explanation or a model of a phenomenon or a solution to a problem.

Respectfully provide and receive critiques about one’s explanations, procedures, models, and questions by citing relevant evidence and posing and responding to questions that elicit pertinent elaboration and detail.
Crosscutting Concepts

Energy and Matter: Flows, Cycles, and Conservation
Energy may take different forms (e.g., energy in fields, thermal energy, energy of motion). 

The transfer of energy can be tracked as energy flows through a designed or natural system.
Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.

Stability and Change

Explanations of stability and change in natural or designed systems can be constructed by examining the changes over time and processes at different scales, including the atomic scale.

Small changes in one part of a system might cause large changes in another part.

Stability might be disturbed by large sudden events or gradual changes that accumulate over time.

Systems and System Models

Models can be used to represent systems and their interactions – such as inputs, processes, and outputs – and energy, matter and information flows within systems.

CCSS Connections to English Language Arts and Mathematics
The CA NGSS promote a vision of science learning as an interdisciplinary undertaking and each standard includes the connections to the CA CCSS for ELA/Literacy and the CA CCSSM. The snapshot highlights the dynamic integration of science with English language arts and math standards to ensure student learning across disciplines.
Unit 4 Snapshot 2

Monitoring and Minimizing Human Environmental Impacts
This snapshot presents an example of how teaching and learning may look like in the classroom when the CA NGSS are implemented.  The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit. A snapshot provides fewer details than a vignette. 

Following their investigations related to global warming, students in Ms. D’s class became concerned about the ways that climate change can harm organisms and ecosystems. Monarch populations west of the Rocky Mountains escape winter by flying very long distances to California. The students live in P, a coastal town with one of the major California winter nesting areas for monarch butterflies. They were very concerned when they learned that climate change was affecting organism migrations.

Students in Team A already volunteered with the local conservation group to protect their public Monarch protection area. The scale of the global climate change issue inspired them to think at a broader scale about all the places that the butterflies needed during the summer and on their long journey to Central and Southern California. They decided to gather information about the major threats that the butterflies faced on their long journey, and to network with schools on that pathway to collaborate on monitoring the Monarch population, the local threats to the Monarchs (especially related to habitat, food and climate), and possible local solutions to those threats.

Students in Team B argued that the Monarchs, and lots of other organisms, needed long-term solutions to climate change especially switching to renewable energy source, and they gathered information about making electricity from solar photovoltaic cells.  The school was in the process of seeking funds to purchase and install some solar cells. Team B started investigating how much extra solar electricity the school could get if the solar cells tracked the sun during the day rather than remaining stationary, and whether those gains would be worth the cost and any other issues related to the placement of the solar cells.

Students in Team C had learned about a different school in the county that had instituted a successful major energy saving program. They wanted their school to monitor and minimize consumption of electricity and natural gas. Team C started analyzing data about the school energy sources and consumption, and what resources in the school and community were available for collaboration, especially the local utility company. They were particularly interested in digital devices that could monitor and control consumption of energy. 

Ms. D assisted the school teams, especially with helping them establish a shared understanding about clearly articulating the criteria that could be used to evaluate the successful of their project and the constraints that could limit and impede success. In addition to collaborating and sharing within their team, the students also had regular meetings to share across the teams so they could gain insights and feedback from a larger and more diverse group. Ms. D also encouraged the three teams to include in their criteria and constraints the longer-term prospects for each of their projects, and how they could use different communication systems to implement their project and begin to support its sustainability.    

NGSS Connections in the Snapshot

Performance Expectations


MS-ESS3-3. Apply scientific principles to design a method for monitoring and minimizing a human impact on the environment. 

MS-LS1-5. Construct a scientific explanation based on evidence for how environmental and genetic factors influence the growth of organisms.

MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to secure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.

and genetic factors influence the growth of organisms.

MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.

Disciplinary Core Ideas

ESS3.C: Human Impacts on Earth Systems

LS1.B: Growth and Development of Organisms

ETS1.A Defining and Delimiting Engineering Problems

Scientific and Engineering Practices  

Asking Questions and Defining Problems
Define a design problem that can be solved through the development of an object, tool, process or system and includes multiple criteria and constraints, including scientific knowledge that may limit possible solutions.
Analyzing and Interpreting Data
Analyze and interpret data to provide evidence for phenomena.
Analyze data to define an optimal operational range for a proposed object, tool, process, or system that best meets criteria for success.

Constructing Explanations and Designing Solutions 
Undertake a design project, engaging in the design cycle, to construct and/or implement a solution that meets specific design criteria and constraints.

Construct an explanation that includes qualitative or quantitative relationships between variables that predict(s) and/or describe(s) phenomena.
Apply scientific ideas, principles, and/or evidence to construct, revise, and/or use an explanation for real-world phenomena, examples, or events.

Construct, use, and/or present an oral and written argument supported by empirical evidence and scientific reasoning to support or refute an explanation or a model of a phenomenon or a solution to a problem.

Respectfully provide and receive critiques about one’s explanations, procedures, models, and questions by citing relevant evidence and posing and responding to questions that elicit pertinent elaboration and detail.
Crosscutting Concepts    

Stability and Change

Explanations of stability and change in natural or designed systems can be constructed by examining the changes over time and processes at different scales, including the atomic scale.

Small changes in one part of a system might cause large changes in another part.

Stability might be disturbed by large sudden events or gradual changes that accumulate over time.

Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.

Systems and System Models

Models can be used to represent systems and their interactions – such as inputs, processes, and outputs – and energy, matter and information flows within systems
CCSS Connections to English Language Arts and Mathematics
The CA NGSS promote a vision of science learning as an interdisciplinary undertaking and each standard includes the connections to the CA CCSS for ELA/Literacy and the CA CCSSM. The snapshot highlights the dynamic integration of science with English language arts and math standards to ensure student learning across disciplines.
Unit 1 Snapshot:

 Extended Atomic and Molecular Structures
This snapshot presents an example of how teaching and learning may look like in the classroom when the CA NGSS are implemented.  The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit. A snapshot provides fewer details than a vignette (e.g., the unit 2 Vignette “Organism Physical and Chemical Changes”).

Ms. V used lead pencils to introduce the topic of extended structures. She told students that the “lead” in the pencils is actually a form of carbon known as graphite. Ms. V projected a model showing how the carbon atoms in graphite connect with each other (Figure 3). She pointed out that the model just illustrates a tiny section of the structure that actually greatly extends in all three dimensions. 
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Figure 3: Model of the extended structure of graphite. Black circles are carbon atoms. Solid lines within layers are strong connections. Dotted lines between layers are weak connections. (IGCSE Chemistry Notes 2009)

In small groups, students listed the properties of the lead in their pencil, and discussed how the atomic structure might cause those properties.  Ms. V also instructed the student teams to brainstorm different ways they might create physical models of graphite. Teams shared their discussions that resulted in a consensus claiming that graphite is a solid because of the very many strong connections among the carbon atoms. They also agreed that the weak connections between the layers caused graphite’s ability to break off in flakes that leave marks on paper. As a result of small group and whole class discussions, the class decided on three different types of models that they would work in groups to build the next day.

Ms. V said that they could not work on building the models the next day unless they completed the homework assignment, which was to read and annotate a 1-page handout describing extended structures (Figure 4). The school district emphasized a literacy strategy called “Talk to the Text.” By grade 7 students had sufficient experience with this strategy to proceed without further instruction. Ms V knew that many interesting concepts about molecular bonding and structures could emerge from the student reading, annotations and discussions, and she expected to see lots of comments on the handout (Figure 5).

The following day almost all the students handed in their homework. They worked in teams that focused on building different physical models of graphite. One team had researched the structure of diamond and received permission from Ms. V to try to build a diamond model rather than graphite. While the students worked in their teams, Ms. V provided necessary guidance and also had some time to look through the homework to help plan for continuing discussions about substances, molecules and extended structures. She wrote a note to herself to look for and help elicit from the students the cause and effect CCC and the patterns CCC about the causal connection from the atomic particle level to the macroscopic level of substances that have distinctive and observable resulting properties.  

NGSS Connections in the Snapshot

Performance Expectations


MS-PS1-1. Develop models to describe the atomic composition of simple molecules and extended structures. 

Disciplinary Core Ideas

PS1.A: Structure and Properties of Matter
Scientific and Engineering practices

Developing and Using Models
Develop and/or use a model to predict and/or describe phenomena. Develop a model to describe unobservable mechanisms.
Obtaining, Evaluating and Communicating Information
Critically read scientific texts adapted for classroom use to determine the central ideas and/or obtain scientific and/or technical information to describe patterns in and/or evidence about the natural and designed world(s).
Crosscutting Concepts

Patterns
Macroscopic patterns are related to the nature of microscopic and atomic-level structure.
Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems. 
Scale, Proportion, and Quantity
Time, space, and energy phenomena can be observed at various scales using models to study systems that are too large or too small.

Grade 7 vignette:  Organism Physical and Chemical Changes

The vignette presents an example of how teaching and learning may look like in the classroom when the CA NGSS are implemented.  The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand some of the disciplinary core ideas associated with unit 2.

Classifying changes in a natural environment

In unit 1 students noted the kinds of matter that exist in natural environments. They had begun with whole class discussions focused on the river environment (Figure 2), then worked in groups on different natural environments, and then iteratively updated the whole class and group-specific environments. Mr. G similarly initiated unit 2 by distributing a diagram of the river environment today (Figure 6).
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Figure 6: The previously viewed river environment 200 years later. (Adapted from Making Sense of Science Earth Systems course, courtesy of WestEd)

Students excitedly began working in groups to compare the two diagrams. Students listed many differences including trees that had fallen or that had grown considerably, and the appearance of a live deer. Then they included more subtle changes such as the disappearance of the deer carcass, erosion of rock, and widening of the river at the base of the waterfall. 

After whole class sharing and reaching a class consensus about the changes, Mr. G distributed a short illustrated reading about the differences between a physical change and a chemical reaction. Reading and writing individually, and then discussing in pairs, students generated a list of scientific questions they had about the changes that had happened in the natural environment. In the subsequent whole class sharing and discussions, questions emerged about physical and chemical changes. 

Juanita had argued, “A change can be both a physical change and a chemical change. Why does it have to be only one of them?” Alex had taken that argument in a different direction by saying some of the changes should be classified as “biological changes,” a third category separate from the other two. Mr. G asked the students to think about these and other questions as they completed the homework reading and questions about physical and chemical changes. 

The next day student discussions were more focused on the specific changes in physical properties (change in color, bubbling of a gas, or an increase in temperature) that tended to indicate a chemical change had happened. Students liked the idea that the changes in physical properties were similar to clues in a mystery story or crime scene investigation. The homework had included some examples that appeared to be chemical changes (gas bubbling out of a soda can) but that were really just physical changes, an emphasis in word phrasing that was helping to distinguish between the two kinds of changes. 

Juanita shared a Venn diagram that she had made to answer her own previous question about whether something could be both a physical and a chemical change. Her diagram showed that both kinds of changes had alterations in physical properties (the shared circle in the middle), but only chemical changes had changes in the bonding of the atoms within molecules. The physical change circle showed water boiling with the words “it’s all still H2O.” The chemical change circle showed a wood fire and smoke with the words, “new substances appear.” This claim and evidence about new substances and changes in connections at the atomic level had moved the discussion in favor of two mutually exclusive categories (physical changes and chemical changes), but there were still a lot of questions about what those changes in atomic connections really meant.

Chemical reaction of photosynthesis

In the next lesson, Mr. G connected the student questions about changes in atomic connections with the chemical change that all the student groups had identified in the river environment – the photosynthesis that had enabled the tree to grow so much. He wrote the balanced equation for photosynthesis on the board, and provided LEGOs to students to model that reaction. Each group of students had a variety of LEGO pieces that they could assemble in their work areas. 

Marco, the reporter for one student group, described how they used a different type of LEGO for each molecule. Most of the other student groups had used a similar type of modeling. Marco explained how their model represented carbon dioxide with the small black LEGO (“just like coal”), water with the small blue LEGO (“just like the ocean”), glucose with the big white LEGO (“just like a sugar cube”), and oxygen with the small red LEGO (“just like fire”). Kelly, another member of the same student group, proudly added that they had used six of each type of LEGO except for only one white LEGO so their model was just as correct as the equation that Mr. G had put on the board. She also pointed out, “In case you did not notice it, I was making an argument based on evidence.”  

Juanita and Alex called everyone’s attention to their group. Alex explained that they had tried to use models where each type of LEGO represented a different kind of atom. Their group liked that idea because they thought it would help show how the connections between the atoms changed during the reaction. However, when they tried to put the glucose molecule together, “The whole thing got very messy and we argued about whether our model was really helping us understand the chemical reaction.”

Mr. G used this discussion as an opportunity to share illustrations of models that scientists use to represent the bonding within molecules and the shapes of common molecules (carbon dioxide, water, glucose and oxygen). He asked teams of students to discuss what kind of materials that they might use to represent those molecules and the photosynthesis equation. As student presented their ideas, the discussion lead to consideration of the criteria and constraints for the students to work in groups and make molecular models using inexpensive materials that could still be reasonably accurate. One significant criterion was that there would be different representations for each kind of atom so they could track the changes in bonding associated with the reaction. By the end of the class period, students had reached a consensus on using different colored sticky notes to represent the three different types of atoms involved. Students also wanted to use a smaller size sticky note to represent hydrogen since they knew that it was the smallest atom.

Model of a Glucose Molecule
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Figure 7: A model of a glucose molecule with different colors representing carbon (C), oxygen (O) and hydrogen (H). (Provided by Dr. Art Sussman, courtesy of WestEd)

The next day, each of the student groups gathered their supplies of sticky notes and began to assemble them to model photosynthesis. As shown in Figure 7, most of the student groups successfully created a model of a glucose molecule. They had also used the correct numbers of all the molecules. They were able to use evidence to explain that in the reaction none of the atoms had disappeared, and that there were also no new atoms in the products. The products side of their model had exactly the same numbers and kinds of atoms as the reactants side of their model. Mr. G reinforced their use of the term “Conservation of Matter” to describe this feature of chemical reactions, and they readily noted that physical changes also featured this rule of Conservation of Matter.

Energy and the chemical reaction of respiration

In the next lesson, Mr. G displayed the two river environment diagrams and facilitated the students in discussing and reporting about the different chemical reactions. They all identified the deer and the bird as examples of organisms that were doing respiration. Marco added that the plants were also doing respiration, and noted that back in grade 6 they had learned that respiration happened in plant cells and in animal cells.  

Following that introduction, Mr. G challenged the students to use the sticky notes to model the reaction of respiration. There was some grumbling about having to make the sugar molecule again, but Mr. G reminded them that not only did plants always make sugar without any whining, the plants also did not complain about being eaten. 

When it was time to share in groups, the students seemed comfortable with the concept that photosynthesis and respiration were examples of chemical reactions. They also cited the evidence that in chemical reactions the atoms changed their connections and that the amount of mass remained constant. However, some of the students wondered about how to model the energy in these chemical reactions.  

Marco said that his group had talked about attaching a red sticky note to their glucose molecule, but they argued about where to put it and whether they needed to put a different red sticky note in each place where the atoms connected with each other. Kelly added that the group also had questions about whether they should attach red sticky notes to the other molecules, and how to represent the energy that was released during the respiration chemical reaction.

Other students joined in with their own ideas to argue whether and how to represent energy in their models, and what was actually happening with energy in the reaction. By the end of the class discussion, there seemed to be general agreement that they would not use sticky notes to represent energy because “energy was like a whole different kind of thing or idea than matter.” The students concluded that they needed to spend more time talking and learning about energy, and specifically the changes in energy during chemical reactions. 

During the following sequence of lessons, students discussed everything they knew and wondered about energy from their previous science classes and real world experiences. They developed and compared Frayer diagrams about the concept of energy, and concluded that there was no simple definition of energy that they could memorize and repeat back word for word on a test question to prove that they understood the science concept of energy. Some students seemed to find some consolation when they could not agree on a definition of “love.” Alex summed it up by saying, “I can’t define love, but I know different kinds of love when I see and feel them. Maybe it will be the same with energy.”

Student groups conducted a variety of hands-on investigations that Mr. G called their “energy love” investigations. Those lessons resulted in a summary Table (see Table 6) that listed examples of “Energy of Motion” and “Energy of Position.” With that common background established, Mr. G steered the class back to the chemical reactions of photosynthesis and respiration. 

	TABLE 6: Forms of Energy

	ENERGY OF MOTION

Energy due to the motion of matter
	ENERGY OF POSITION

Energy due to the 

relative positions of matter

	Kinetic Energy (KE)
	Gravitational Potential Energy (GPE)

	Thermal Energy (TE) [often called Heat Energy]
	Elastic Potential Energy (EPE)

	Light Energy (LE)
	Chemical Potential Energy (CPE)

	Sound Energy (SE)
	Nuclear Potential Energy (NPE)

	Electrical Energy (EE)
	Electrostatic Potential Energy (EPE)


(Table based on Making Sense of Science Energy course, courtesy of WestEd)

The final investigation in the “energy love” series had involved modeling the changes in potential energy in using a slingshot to propel a walnut across a distance. The prompt involved listing examples of three types of potential energy (EPE, GPE and CPE), and the changes in those forms of potential energy. Perry’s diagram was typical for the class (Figure 8).

In debriefing the investigation, Mr. G pointed out that the assignment had specified describing the chemical potential energy within their diagram, yet most diagrams did not mention CPE at all. Perry defended his diagram by saying, “We did EPE and GPE, but there is no food in this diagram so we did not include CPE.”

After Marco pointed out that the walnut is food, Perry replied, “Okay, the walnut is food and has CPE, but the CPE didn’t change in the experiment. The walnut was not eaten or burned.” 

Perry’s Potential Energy Diagram
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Figure 8: Student diagram of changes in potential energy accompanying the propulsion of a walnut by a slingshot. (Illustration from Making Sense of Science Energy course, courtesy of WestEd)

Talking in groups, students discussed whether there was anything else in the diagrams that had CPE. While at first there was resistance and a tendency to identify the CPE only with food, the group and class discussions eventually led to the realization that all the matter in the diagram had CPE: air, ground, slingshot wood, and slingshot rubber band. 

After presenting about and discussing their revised diagrams, the class transitioned to more deeply exploring the energy changes in chemical reactions. To make the connections more real to the students’ everyday lives, Mr. G had the students do a quick-draw to illustrate phenomena in their immediate environment where respiration and photosynthesis were happening. During the debrief, Mr. G was encouraged when students described and causally connected the changes in matter at the macroscopic and atomic levels. In contrast, he noted that students described the changes in energy only at the macroscopic level.

Mr. G began the next lesson by summarizing the end of the last discussion, and pointing out that they had not yet addressed the atomic/molecular level when they described the energy changes in photosynthesis and respiration. He distributed a handout that briefly explained that energy changes in chemical reactions depend on the differences between the total CPE of the reactants compared with the products. That handout included a summary illustration (Figure 9).

	Energy Changes in Chemical Reactions

	Energy Releasing Reactions
	Energy Absorbing Reactions

	Total Energy of Reactants > Total Energy of Products
	Total Energy of Reactants < Total Energy of Products
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Figure 9: Comparing the total energy of reactants and of products, and relating their relative amounts to whether a reaction releases or absorbs energy. (Provided by Dr. Art Sussman, courtesy of WestEd)

Mr. G then challenged the students to apply what they learned from processing the handout to what is happening in respiration. Specifically, he asked, “What can you write or draw that explains why the reaction of sugar with oxygen releases energy instead of absorbing energy?”

Student groups initially talked a lot about different bonds being higher or lower in energy. After a while, they transitioned to referring to the handout, and started focusing on the total molecular CPE in reactants and in products. Students then began to claim that there must be a conservation of energy that is parallel to the conservation of mass. If the products have X amount less total CPE than the reactants, then X amount of energy will be released, generally in the form of thermal energy and light energy. If the products have X amount more total CPE than the reactants, then X amount of energy must be absorbed in order for the reaction to occur. 

Applying the CCCs they had used in unit 1, students developed and communicated causal explanations that changes in CPE at the molecular level determined whether there would be release or absorption of thermal energy at the macroscopic level. Their drawings showed that 1 glucose molecule plus 6 oxygen molecules have more chemical potential energy than 6 carbon dioxide molecules plus 6 water molecules. 

Organism energy/matter system diagram

Mr. G transitioned the class to considering the cycles of matter and the flows of energy from the point of view of whole organisms. He first elicited from the students what they knew about systems and system models in terms of drawing the boundary of a system, identifying the parts of the system, and identifying the system’s inputs and outputs. As a whole class, they agreed on the conventions they would use in drawing the system. 

A Deer-Grass System
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Figure 10: Flows of energy and matter into, within and out of a model of a Deer-Grass System. (Provided by Dr. Art Sussman, courtesy of WestEd)

Returning to the River Environment diagram, students worked in pairs and developed a system model to illustrate the flows of matter and energy into and out of the deer and also into and out of the grass. Figure 10 shows the consensus diagram that emerged after students worked on their individual team diagrams, critiqued each other’s diagrams, iteratively improved them, and then finalized the diagram after whole class discussion. 

Engineering design challenge to quantify energy released

One of Mr. G’s favorite hands-on activities to do with students had been to burn different kinds of foods to quantify and compare the amounts of thermal energy released per gram of food item. Several years ago he had stopped using this activity as he had concluded that while the students had enjoyed the activity, it had not reinforced their understandings of chemical potential energy in the ways that he had wanted. After participating in CA NGSS professional development and planning with his middle grade team, he decided to try this activity in a different way that emphasized engineering design. He also wanted students to have more active roles than following directions, recording their results on a data sheet created by the teacher, and then doing the calculations based on a formula provided by the teacher.

The activity began with students bringing in food labels. Sharing the food labels with each other, the students raised questions and also provided answers about food contents, the meaning of calories, and the connections with chemical reactions and chemical potential energy. The students then worked in groups to design ways they could determine the calories per gram that could be obtained from different foods. They brainstormed a list of major criteria for their design challenge that included safety, cost and accuracy. The accuracy issue involved addressing the problem of maximizing the capture of energy that was measured by the device.

The student groups had numerous opportunities to share plans with each other, critique each other’s ideas, and refine their plans before getting approval from Mr. G to proceed with the construction and testing of their devices. The class as a whole determined the foods that would be tested, again using the same design criteria but being especially cognizant of the issue of food allergies. Students collaboratively worked on designing the data sheets that they would use, but they did have the choice to customize their group’s data sheets. In addition, students had multiple opportunities to iteratively test and improve their device subject to limitations imposed by the teacher and the rest of the class. At the end of the design and testing, student groups developed posters that they shared with each other and with other classes. 

As students worked on their calorimeters, Mr. G revised his plans for the next sequences of lessons. He wanted to make sure that students had opportunities to explore the uses of food to build bodies. Students tended to focus on food for growth, but Mr. G wanted them to realize how much biomass is used to keep replacing the cells of our bodies. He also wanted to make sure that he had enough time for the students to investigate in depth the flows of matter and cycles of energy in the rock cycle.

	NGSS Connections in the Vignette

Performance Expectations


MS-LS1-6.  Construct a scientific explanation based on evidence for the role of photosynthesis in the cycling of matter and flow of energy into and out of organisms.

MS-LS1-7.  Develop a model to describe how food is rearranged through chemical reactions forming new molecules that support growth and/or release energy as this matter moves through an organism.

MS-PS1-2.  Analyze and interpret data on the properties of substances before and after the substances interact to determine if a chemical reaction has occurred.

MS-PS1-5.  Develop and use a model to describe how the total number of atoms does not change in a chemical reaction and thus mass is conserved.

MS-PS1-6.  Undertake a design project to construct, test, and modify a device that either releases or absorbs thermal energy by chemical processes.*

MS-ETS1-1.  Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions. 
MS-ETS1-2.  Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem. 

MS-ETS1-3.  Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success. 
MS-ETS1-4.  Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design can be achieved.

	Disciplinary Core Ideas

LS1.C: Organization for Matter and Energy Flow in Organisms

PS1.A: Structure and Properties of Matter

PS1.B: Chemical Reactions

PS3.A: Definitions of Energy

ETS1.A: Defining and Delimiting Engineering Problems

ETS1.B: Developing Possible Solutions

ETS1.C: Optimizing the Design Solution

	Scientific and Engineering practices

Asking Questions and Defining Problems
Ask questions that arise from careful observations of phenomena, models, or unexpected results to clarify and/or seek additional information.

Define a design problem that can be solved through the development of an object, tool, process, or system that includes multiple criteria and constraints, including scientific knowledge that may limit possible solutions.
Developing and Using Models 
Develop and/or use a model to predict and/or describe phenomena. 

Develop and/or use a model to generate data to test ideas about phenomena in natural or designed systems, including those representing inputs and outputs, and those at unobservable scales.
Planning and Carrying Out Investigations 
Plan an investigation individually and collaboratively, and in the design identify independent and dependent variables and controls, what tools are needed to do the gathering, how measurements will be recorded, and how many data are needed to support a claim.

Conduct an investigation and/or evaluate and/or revise the experimental design to produce data to serve as the basis for evidence that meet the goals of the investigation.

Collect data about the performance of a proposed object, tool, process, or system under a range of conditions.
Analyzing and Interpreting Data
Analyze and/ interpret data to provide evidence for phenomena.
Analyze and/ interpret data to determine similarities and differences in findings.

Analyze data to define an optimal operational range for a proposed object, tool, process, or system that best meets criteria for success.
Constructing Explanations and Designing Solutions 
Construct an explanation that includes qualitative or quantitative relationships between variables that predict(s) and/or describe(s) phenomena.
Construct an explanation using models or representations.

Apply scientific ideas, principles, and/or evidence to construct, revise, and/or use an explanation for real-world phenomena, examples, or events.

Undertake a design process, engaging in the design cycle, to construct and/or implement a solution that meets specific design criteria and constraints.

Optimize performance of a design by prioritizing criteria, making trade-offs, testing, revising, and retesting.
Engaging in Argument from Evidence 
Respectfully provide and receive critiques about one’s explanations, procedures, models, and questions by citing relevant evidence and posing and responding to questions that elicit pertinent elaboration and detail.

Evaluate competing design solutions based on jointly developed and agreed-upon design criteria.
Obtaining, Evaluating, and Communicating Information
Critically read scientific texts adapted for classroom use to determine the central ideas and/or obtain scientific and/or technical information to describe patterns in and/or evidence about the natural and designed world(s).

Communicate scientific and/or technical information (e.g., about a proposed object, tool, process, system) in writing and/or through oral presentations.

Crosscutting Concepts

Patterns
Macroscopic patterns are related to the nature of microscopic and atomic-level structure.

Patterns can be used to identify cause-and-effect relationships.

Cause and Effect
Cause and effect relationships may be used to predict phenomena in natural or designed systems.
Scale, Proportion, and Quantity
Time, space and energy phenomena can be observed at various scales using models to study systems that are too large or too small.
Systems and System Models
Models can be used to represent systems and their interactions – such as inputs, processes, and outputs – and energy, matter, and information flows within systems

Energy and Matter: Flows, Cycles and Conservation
Matter is conserved because atoms are conserved in physical and chemical processes.

Within a natural or designed system, the transfer of energy drives the motion and/or cycling of matter.

Energy may take different forms (e.g., energy in fields, thermal energy, energy of motion).

The transfer of energy can be tracked as energy flows through a designed or natural system.

CONNECTIONS TO COMMON CORE TO BE PROVIDED BY CDE 


Unit 4 Snapshot: Wetland Services Project
This snapshot presents an example of how teaching and learning may look like in the classroom when the CA NGSS are implemented.  The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit. A snapshot provides fewer details than a vignette (e.g., the unit 2 vignette “Organism Physical and Chemical Changes”).

After learning in class about ecosystem cycles of matter and flows of energy, some students had wondered where they could investigate those processes first-hand. A few students had experienced the local wetlands on family fishing, camping and boating outings. They helped organize a weekend residential experience at the local wetlands nature center. After that weekend, most of the students in Mr. R’s class wanted to organize a project to help protect their local wetlands.

In addition to learning ecosystem science, they had also learned about the engineering design process. With planning help from the nature center, they organized six teams to research ways they could make a significant difference and get more students involved. Three of the teams focused on the science and technical engineering involved. What activities were most harmful to the wetland and the estuary? Which of these activities could they have any control over directly (e.g., pollution from school or home) and indirectly (e.g., influencing businesses and government)? The other three teams focused on what they called the social engineering side of the problem. They wanted to explore how they could use social media and other communication outlets to get more participants, raise funds, and influence environmental behavior. 

Each of the teams started by listing criteria and constraints. What would be their indicators of success? What kinds of projects should qualify? What did they need to learn about in order to make wise decisions? Who could help them the most? How could they help their peers and community decision makers to know about threats to local biodiversity, benefits of ecosystem services and options to make things better?  

Since the annual science fair time would be happening in a couple of months, they decided to have a large number of the science projects focused on their local wetlands and how it played an important role in protecting the San Francisco Bay. They planned and carried out investigations that they could do as part of the fair, and created posters about ecosystem services. The director of the local nature center also agreed to help them create a system model of the wetland that they could finish in time for the big event. The model would include graphs with population data about locally endangered species. The students would also make and distribute information about activities that everyone could do to reduce damage to the wetlands and Bay. One team produced a quick online survey to try to collect information about student and community attitudes before and after their outreach activities.

NGSS Connections in the Snapshot

Performance Expectations


MS-LS2-4. Construct an argument supported by empirical evidence that changes to physical or biological components of an ecosystem affect populations.

MS-LS2-5. Evaluate competing design solutions for maintaining biodiversity and ecosystem services.*

MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit solutions.

Disciplinary Core Ideas

LS2.C: Ecosystem Dynamics, Functioning and Resilience

LS4.D: Biodiversity and Humans

ETS1.A: Defining and Delimiting Engineering Problems
Scientific and Engineering practices

Developing and Using Models
Develop and/or use a model to predict and/or describe phenomena. 
Obtaining, Evaluating and Communicating Information
Gather, read, and synthesize information from multiple appropriate sources and assess the credibility, accuracy, and possible bias of each publication and methods used, and describe how they are supported or not supported by evidence.

Communicate scientific and/or technical information (e.g., about a proposed object, tool, process, system) in writing and/or through presentations.
Crosscutting Concepts

Patterns
Patterns can be used to identify cause-and-effect relationships. 

Cause and Effect: Mechanism and Explanation 
Cause-and-effect relationships may be used to predict phenomena in natural or designed systems.
COMMON CORE CONNECTIONS TO BE DONE BY CDE

Vignette

Ms. Z has decided to begin her introduction of Newton’s laws with an exploratory set of investigations.  In earlier lessons, the class has worked with graphing position vs time and speed vs time, and relating such graphs to observed motions. Before the start of the lesson, she sets up an activity “jigsaw” by placing a different system on each of several tables around the room. (Many simple systems could be used for this activity.) Each system has a set of instructions beside it on the table. They include:

· A book lying on the table with the instruction “Raise the book an inch or so above the table and let it fall; observe. Instants to model: 


1. just before the book lands on the table 


2. the moment it hits the table 


3. a moment later when it is lying on the table”,

· A weight hanging on a string supported so that the weight can swing freely with the instruction “Pull the weight a few inches to the side, and release; observe. Instants to model: 


 1.   At the extremes of the swing.


2. At the extremes of the swing (again). 


3. At the lowest point in the middle of the swing. 

· A weight hanging from a spring with the instruction “pull down about three inches and then release; observe. Instants to model:


1. When the weight is at its highest point 


2. When the weight passes the point where it was 
hanging at rest before you pulled it down 


3. When the weight is at its lowest point”.

· A ball and a ramp with the instruction “place the ball some distance up the ramp, release; observe. Instants to model:


1. When the ball is released.


2. When the ball is rolling on the ramp. 


3. When the ball has left the ramp and is rolling across 
the rug”.

· A bar magnet and a small ball that contains another magnet with the instruction “roll the ball so that it will pass near to the magnet; observe. Instants to model:


1. When the ball leaves your hand 


2. When (if) its path begins to bend toward or away from 
the magnet.”

· A balloon and a cloth and a number of small pieces of paper with the instruction “rub the balloon with the cloth for a minute or two, then bring the balloon close above the bits of paper; observe. Instants to model:


1. when some bits of paper start to move.”

· A wind-up toy that moves in an erratic pattern with the instruction “wind up the toy, set it going; observe. Model:


1. Any instant in the motion that you think is interesting”,  

· A circuit with visible wires, a battery, a switch, a light bulb, and a compass with the instruction “place the compass beside one of the wires, turn on the light, and observe, model forces on the compass needle. Instants to model:


1.  The moment before you close the switch. 


2. The moment when you close the switch. 


3. When the compass needle becomes still again.”

· A computer set to show a short video of a cat jumping  with the instruction, “watch the video and model the forces on the cat at:


1. The instant just as its paws leave the ground 


2. The highest point of its jump and 


3. The instant it lands (first paws touch the ground).”

Ms. Z. has also prepared an instruction sheet work sheet that contains the following instructions:

Keeping a record of your observations 

Use your science notebook for this work.  Develop a diagrammatic model for the system that shows it at one particular instant in the motion. Pick one object in the system to focus upon. Draw and label an arrow pointing towards or away from that object for each force acting on the object at the instant you are modeling.  Answer the following questions, if necessary adding different colored arrows to your model to indicate the answer.

· Is the object moving or stopped at this instant?

· Is its motion changing at this instant?

· If so, what is the direction of its acceleration? 

· Is there a total force on the object at this instant that is not zero?

· If yes, what is the direction of the total force at this instant?

 Ms. Z has the students count off to form eight groups and sends each group to a different table to start to work modeling the system displayed there at the instants selected. She tells the students to use their science notebooks as the place to draw their models and answer the questions for each instant modeled, but that they should to first discuss the instants and come to agreement about the answers to the questions before working separately to record their group answers.  She also says that they should each note any lingering questions or concerns about what is occurring at a particular instant in their journals. She tells them that as soon as they complete their work at one table they can move to another that is free. They should try visit as many of the tables as possible during the period, but that they will probably not have time for them all. 

By having more activities than groups she has ensured that there will always be a vacant table for a group to move to when ready, although toward the end of the lesson she has to resolve some situations where the group has already worked the vacant table, by directing them to one where another group is almost ready to finish, but telling them to wait a moment till it is free. Her students are used to working and discussing problems in groups and the class developed a protocol of rules for group work at the start of the year. The discussion in the room soon becomes quite lively. While the students work Ms. Z moves about looking for groups that are struggling to reach agreement about a particular instant. She visits such groups and asks them leading questions to help them resolve the issues that they are struggling with.  For example, the group analyzing the book lying on the table are divided between two possible answers, one is that there are no forces on the book at that instant, and the other is that gravity is still pulling the book down, just as it was when it was falling. Ms. Z reminds them that the total force on an object can be zero even though there is more than one force on the object. She then asks, “If gravity is pulling the book down, what other force could be balancing that to keep it where it is?” She moves on to another group leaving them to discuss this among themselves. 

About five minutes before the class is due to end she rings a small bell, which her students know is a signal to return to their usual seats.  She tells them that their homework is to review their models and answers to the questions and see if they can notice any patterns in the observations. 

For the next class Ms. Z sets out all the activities again. At the beginning of the class, Ms. Z asks students to raise their hands if they found any patterns in the answers they had given. Only a few students raise their hands so she asks these students to describe the pattern that they found.   One student says, “I noticed that there is usually more than one force at any instant.” Another says “I noticed that when there were two forces were in different directions (not the same line) I could not tell the exact direction of the total force because I could not add them. But it does seem to me that no matter what direction they are all the different forces should add up to a single total or overall force.”   Ms Z. affirms these observations and elicits a few more. The she tells the students that it took scientists a very long time to figure out the relationship between force and motion, and to develop a way to add up non-parallel forces. Next she tells the students to find a partner who was in a different group yesterday.  She hands out a sheet she has prepared with a set of statements and says “These are the patterns that Isaac Newton noticed and tested.”  

Introducing Newton’s First and Second Laws.

· First Law:  When the total force on an object is zero its motion does not change at that instant. 

· Staying still is an example of motion that does not change. Moving in a straight line at a constant speed is another example of motion that does not change.

· Second Law: When the total force on an object is not zero its motion changes with an acceleration in the direction of the total force at that instant.

· Acceleration includes speeding up, slowing down or changing direction. 

· The total force on an object is the overall effect of all the individual forces acting on it.

· At the surface of Earth all objects experience a force due to gravity at every instant, this force is the weight of the object. It is directed down, that is towards the center of Earth.

· We may see situations where the total force is zero, but at Earth’s surface this always means that there is some other force or forces balancing against the force of gravity.

 She calls on a different student read to each statement aloud. She calls for a show of thumbs for each statement, which her students know means thumbs up if I agree, thumbs down if I disagree, and thumbs sideways if it does not yet make sense to me.  She tells the students that the first and third statements are called Newton’s first and second law and the rest are other useful information and definitions needed for this work, and that they will be working to understand and apply these laws over the next few classes. She expected numerous sideways thumbs at this point. She asks the student pairs to work together and review all of the systems and instants that either of them had examined the day before. They should decide whether their observations provide evidence that supports or refutes these so-called laws. She asks them particularly examine any case that seems to refute the laws, to see if they can revise it to match the law, and whether that change makes sense to them. If they need to revisit the actual systems they can, but all students at a particular station must share the work. On the board, she has made a list of the activities and instants to be modeled and she tells students that each pair can mark a red flag against any one if they think it is difficult to interpret in a way that agrees with the laws.  

She also says that if they finish reviewing the cases that they visited yesterday they may go to the stations that they missed on the previous day and work together with whoever else is there to observe and model the targeted instants.  She gives the students 20 minutes to work as instructed, and moves around the room using leading questions to guide the thinking of pairs of students, particularly those that she knows may find this activity a challenge.  The set of red flags that students put on the board begins to grow, with a few of the instants gathering many flags and others one or two.  In the middle of the period, she rings her bell for the students to return to their seats and begins a whole class discussion.  She focusses first on the pendulum activity which has many red flags at all three instants to be modeled, and asks the students who put a red flag against any one of the instants to raise their hand. She calls on one student to state what is bothering him. The student says, “I am puzzled at the bottom of the swing. As the pendulum swings, its motion is constantly changing. But when the pendulum is not moving it hangs at that place.  I think that means that the total force on it at that place is zero. But then it does not fit the first law when it is swinging.”  Ms. Z asks students who more or less agree with this to this statement of the problem to put their hands down, and many do,  and then she calls on another student whose hand is still up to state her issues with the pendulum.  She finds that several students also agree with the statement “I think the pendulum keeps moving, but my partner thinks it stops for an instant at each end of the swing. “ Ms. Z recognizes that the students are all struggling with the idea of instantaneous speed and acceleration when both are constantly changing. In particular, they do not see the instant of zero speed as no motion at that instant, nor the instant of zero acceleration as no change of motion at that instant.  

She asks the class to work in their table groups to try to make graphs of position vs time for the pendulum bob as it swings. She suggest that they ignore the up and down part of the motion and simply trying to make a graph that describes the side to side motion.  She draws on the board three vertical lines labelling them at the bottom as left extreme, center and right extreme, and she puts an arrow at the top of the centerline labelled time increasing. She tells them this is a suggested format for their graphs, which they should draw on their group’s small whiteboard.  As she walks around she sees that most groups are making some progress developing a graph, but many have a zig-zag form, with straight lines.  She brings the pendulum to the front of the room, calls for their attention with her bell, and reminds the students that a straight-line position vs time graph represents an object for which the speed is not changing. Then she guides them to review where in the motion the bob of the pendulum is speeding up, and where it is slowing down.  She soon has the class in agreement that when the bob is moving away from the center it is also slowing down,  whereas when it is moving towards the center it is speeding up. She asks them to try to redraw their graphs with this in mind, suggesting that they turn them on their side so time runs horizontally to match the way they have drawn position vs time graphs before. She also reminds them that speeding up means the position vs time graph gets steeper, while slowing down means it gets less steep. With these clues the groups work a while longer and she sees that most graphs are now more or less correct. She calls for their attention again and asks the groups to show their boards. She asks if they think these various graphs are in good enough agreement that they show a common pattern. Most students agree and she draws her version of that pattern on the board (redrawing her three lines to be horizontal), and most students agree that that is what they intended to show. One group is not happy. They are focused on the extremes of the motion, where their graph still shows a sudden change of slope that she and the other groups have flattened out in their versions. Their question is “How do we know that the graph should really be flat at that point? We learned that a flat line in a position vs time graph means that it is not moving. You say the weight is not moving at this instant, we think it never stops, it is still swinging.”  

Ms. Z. is ready for this, she has video of a swinging pendulum filmed with a rapid pulsed light. The video shows the motion at normal speed, then very much slowed down.  In the slow version of the video it is augmented with a two graphs, one showing position vs time and the other magnitude of the velocity vs time. She just has time to show this video before the class ends. She gives the students a link where they can review the video for their homework, and tells them to pay particular attention to what the speed graph says at the extremes of the motion. She tells them to use their science notebooks to write a reflection of where they are in understanding this motion. 

The activity for the next few days of class will continue to use and discuss the systems studied.   By the end of two weeks of examining these many activities, Ms. Z hopes to have all of the students ready to give a thumbs up to a statement such as “As we work with these examples I can see how more and more of them fit Newton’s laws. I am ready to accept that these laws could be true in all cases. However it is not always easy to decide what the net force or the acceleration are at an instant, at least without tools to make observations that we cannot.“ 

In a later class periods students will revisit the same set of systems examined here in terms of force and motion with a new set of questions “What forms of energy are present in the system at this instant (always defined relative to a particular configuration of the system at rest)? What transfers of energy from one object to another, or one place to another are going on at this instant? What transformations of energy from one type to another?”  Then will be asked to argue from the evidence of their observations and comparisons of their two sets of models about the relationship between energy and forces. Comparing their force models to their energy models for the same system Ms. Z will support them to begin to develop a concept of the role of forces in transferring energy from one object to another (for example in a collision), and in transforming it from potential to kinetic energy, or vice versa.

Vignette: Modeling the motion of Earth to explain seasonal patterns

Relevant PE’s pasted for reference:

5-ESS1-2. Represent data in graphical displays to reveal patterns of daily changes in length and direction of shadows, day and night, and the seasonal appearance of some stars in the night sky.

MS-ESS1-1. Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases, eclipses of the sun and moon, and seasons. 
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On the first day of the unit on the solar system, Mr. G begins by asking students what time they think the Sun will set today. One student offers that it is still light after she finishes soccer practice at 6:00 PM, but is usually getting dark by the time her family finishes dinner at 7:00 PM.  Mr. G. asks them if their answer would be different if he asked the question in December. Many of them agree that it gets darker earlier. So Mr. G asks the students to take five minutes to write a short explanation, assessing prior knowledge, and presenting their mental models for the relative motions of the Sun and the Earth, with diagrams as needed, showing how the model can explain this observation.  

Mr. G used a question to guide their writing:  “What causes the patterns of changing length of days over the year?”  He told the students that this was not a test, but that he would review their answers in order to see what they already knew as they began this unit. At the end of five minutes, he asked the students to move to four small white boards depending on their explanation. The white boards had these sentences: 

Board 1. “I think I can explain the phenomenon with my model”

Board 2 “ I do not know enough about how day and night lengths vary over the 
year to tell whether my model provides a good explanation” 

Board 3. “I can explain day and night with my model, but not why it the time of 
daylight varies through the year”, and the final board which said 

Board 4. “I do not have a model yet that works”.

As he had expected only a few students chose Board 4, and a few students had chosen Board 1, but most were at either Board 2 or Board 3.  Mr. G collected the short explanations that students had written and saved them in a folder. Then he said, “Raise one hand if you think you know what causes day and night and two if you are really confident of that explanation and can support it with some other evidence that fits with the same model”.  All but one or two students raise one hand and a few raise both.  Mr. G asked one of the students who raised only one hand and had previously stood by Board #2 what was his model for the motion that could explain the phenomenon. The  student answered that it is because the Earth is spinning, so sometimes we are facing the sun and at other times, the sun is behind the Earth from where we stand.  Mr. G. then asked one of the students who had raised both hands whether she agreed with that explanation. When she nodded, Mr. G asked “and what additional evidence do you have in support of the model?”  She answered that the moon also seems to move across the sky over the course of a night, and another student added “and the stars too”   “That is good supporting evidence.” says Mr. G.

Next Mr. G tells the students to work in their table groups to develop as detailed a description as they can of the pattern of seasonal day and night changes over the year here in California and to begin to see if their model for how the Earth spins as it moves over the year can explain that pattern.  If at first the model does not explain the pattern, then they should try to modify and refine it until it does. He provides each table with computers to access the program Stellarium (http://stellarium.org ). He states that if they need to remind themselves of this concept they can use this program to simulate how the sunrise and sunset vary across the year at a single location (He knows most of them have examined this pattern in grade 5, but doubts that all students remember it in detail). He also gives each table a lamp and a ball with a stick through it so that the ball could be spun around the stick, but does not tell the students how to use them.  While the students work, Mr. G moves around the room and from time to time asks a question to prompt them to think about aspects of the pattern of length of day and night and how it changes during the year. He first visits the groups that include one of the students who did not raise their hands for understanding the basic phenomenon of day and night. He reminds the groups that they need to support these students by first ensuring that they have understood what causes day and night, using the lamp and ball to model it. One of these students is a language learner and Mr. G tells that group, whom he knows all share the newcomer student’s native language that they can use that language as they review this basic model. Mr. G suspects that the issue for this student is not lack of understanding of the phenomenon, but of the question that was asked and of the use of models.  As Mr. G moves around, he notes that many groups had included observations such as “Days are hotter in the summer.” and “There is often fog in the evenings, overnight and in the mornings during the summer” as things to be explained. Next, he tells those groups that these were interesting observations that also would need to be explained starting from the same model of how the Earth moves relative to the sun, but that he wants them first to focus on the varying length of the daylight vs dark periods. He also tells a group that is not yet doing so that they can use a lamp for the sun and balls for the Earth if they want to test their ideas. One group notices a globe that was in the corner of the room and asks could they use that for their Earth and he encourages them to do so. Most groups are very actively engaged, many students contributing, moving the balls around and talking about the parts that were lit and the parts that were shaded. However, in one group one student dominates the conversation, lecturing the others and not giving them much chance to contribute or even to question. In this group Mr. G intervenes to ask a student, classified as an English language learner at the Emerging Level, whether he thinks he explain the model that the group is discussing. When that student confides that he cannot, Mr. G reminds the group of the rules for group work. The class had developed and discussed these rules at the start of the year, making every student responsible for supporting the learning of others and ensuring that all students had opportunities to participate, ask questions, and present their own ideas. 

Ten minutes before the end of the period, Mr. G. reminds the students that they should take out their science journals and record their thinking. He points to the whiteboard at the front of the room where he had written several prompts for that exercise:

· “My group’s noticed a day-night pattern that is….

· Our model for the Earth’s motion around the sun can explain this if …

· Our model for the Earth’s motion around the sun can explain… but not …

· I learned that__________ is an important detail of the model

· I am still wondering about …

He tells the students that their homework tonight is to ask someone that they know, a family member or a neighbor, who grew up elsewhere how the pattern where they lived was different from that in California. He also says that those who wish to do so might also look for such information from books or the internet. He knows that there are students in his class whose families came from Ecuador, and from Russia, as well as many from Mexico, other parts of the United States, and only a few whose parents grew up where they now live. Mr. G told the students that the first test of their ability to refine their models further and tomorrow will be whether their model can also explain the variations that they learn about from their families or other sources.  

At the beginning of the class, Mr. G hands back the papers he had collected the day before. He has reviewed them overnight and noted for himself the ideas expressed using a simple code related to his numbered white boards. He tells the students that at the end of the class today they would have another chance to describe how their model provides an explanation and support it with evidence. Also, he would like them to note how their final model differs from the one that they started with and wrote about at the beginning of the previous class. He then asked students to raise their hands if they wished to share an interesting difference in day/night patterns that they had learned about and quickly noted the central points on the classroom white board. One student said, “Inside the Arctic Circle there are times of year when it is light 24 hours a day, and in the winter it is dark all the time for a few days and nights”.  Another student said “In Ecuador, and I suppose for anyone else who lives near the Equator, the days and nights are pretty much all the same, 12 hours each”  Another said “In Australia and New Zealand the pattern is just like here, except summer and winter are backwards, June has the shortest day and December the longest”.  Next Mr. G asks the students to form new groups with the rule that each student in a new group must come from a different table group (an exercise that they had some experience with by this time of the year). The new groups would have three tasks:


1. Develop a consensus model based on the work they had all done separately `
and recorded in their science journals at the end of the day before.


2. Record and describe their consensus model using diagrams on the group 
white board. 


3. Explore whether their consensus model could explain all the new facts that the 
class had discovered overnight from the families or their reading. 

He tells them that as soon as a group is satisfied that they had a consensus model that can explain all aspects of the phenomenon they should all raise their hands. By this time of the year, the students know that Mr. G will come to the group and call upon a student to describe the model and then ask another to describe how it explained the observations. Therefore, they know that they not only need to reach a consensus, but to ensure that every one of them has understood the model.  In addition, how it provides a mechanism and explanation for the phenomenon. Each student recognizes that their job is not just to say, “Oh, I got it” but to work together until the whole group is comfortable that the model does indeed provide a basis to explain the observations. Once a group has made its report to Mr. G he asks every student in that group to write a new page in their science notebook with diagrams and an explanation not just of the pattern of day and night but of how it changes over the year and why that change is different at different latitudes.  At the end of the page, each student should write two or three sentences or two that answered the question “What are the critical aspect of the motion that I had to include in my model in order to explain all the observations?”  

As the groups began to work, Mr. G again circulates around and asks a few leading questions. He wants to prompt the groups to focus on particular aspects of the model or data that he could see they had not yet attended to.  For example, he prompts one group to concentrate on one time of year, say Midsummer, and see how they could have the sun illuminate the ball at different latitudes for different parts of the day. All of the groups soon establish that the axis must tilt, and most are wrestling with the concept trying to decide what happens to that tilt as the Earth moves around the sun throughout the year.  Most have recognized that if you tilt the North Pole toward the sun in summer and away from it in winter, you can explain the periods of 24-hours of light or 24-hours of dark, and not change the length of the day at the Equator.  In one group, a student is asking “But why does the axis wobble like that?”  Mr. G asks “Does it need to wobble to get this effect?”. In another group the students recognize that, if the axis of the spin kept a constant orientation as the Earth moved around the sun, they could explain most of the observations, but are puzzling as to what evidence they could use, or look for, that would help them decide how much  it is tilted.  Mr. G tells them this was a very good question and suggested that they investigate the question “What defines the Arctic circle?”   One by one, the groups raise their hands and Mr. G goes to them and hears their reports on their model. Most groups have indeed understood the major point he wishes them to perceive, that the tilt of Earth’s axis is a critical factor in causing the variation, and he tells them to write a record of their model and explanation in their science notebooks. In one case, he tells the group they need to clarify their ideas and asks a question to prompt that work, sending them back to do some more thinking and raise their hands again when ready. By about three quarters of the way through the period most groups have reached their conclusions and begun to write in their journals, but one group has decided they needed to determine what the angle of the axis actually is and so was still deep in discussion. All the other groups had recognized that there was a tilt, but not sought to define what it was.  At this point Mr. G. tells the group that is still working that they will need to leave that detail open and write up their model with that as a question. He also says that it was an exercise in spatial thinking and geometry that is a little challenging for grade 8 and that he is proud of the effort they have made. He points them to the globe on a stand that another group had been using the day before and tells them that they can use that to check whether their ideas about what the tilt had to do with his question about the Arctic Circle were on the right track.  At the end of the class, Mr. G tells the students that their homework for the evening is to finish their notes and reflections in their science journals on this topic.  He also tells them to start thinking about what other seasonal variations they know about, because tomorrow they will first ensure that they indeed have a common class consensus model and explanation and then begin to work to see whether that model can explain other seasonal patterns such as average temperature variation between winter and summer. 

Grade 8 Vignette

Wave application as a biologist tool

In a previous unit, students constructed knowledge on performance expectations related to genetics and evolution to prepare for this lesson sequence.  They also made sense of the evolutionary history of several species, including sharks, one of the most ancient vertebrate species with approximately 400 million years of history. 

Transitioning students to the next unit on waves, Mrs. G decided to help her students see the application of understanding waves in answering some of the biggest questions beach visitors, beach city leaders, and biologists are asking today about sharks: Why are White Sharks, Carcharodon carcharias, off the coast of California and why are they doing what they are doing? 
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(Rocha 2015)
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Students enter the room and are presented with copies of news articles featuring recent shark sightings on their desks.  The intent of the articles is to pique interest and common understanding.  Students excitedly start sharing stories of things they have heard about great whites.  Many of the stories are outlandish and eventually lead to rumors about sharks attacking or eating humans. 

Mrs. G simply solicits information from the students and lets the excitement in the room build.  

Mrs. G then begins to direct the conversation.  After all the students agree that sometimes we embellish stories and some things may not be true, she asks how they can distinguish accurate information on sharks from the fantastical stories friends and families share.  Consequently, students in the room agree that the media can embellished or glorify stories.  She asks students to chat in their groups and think about what we know about sharks in the past, and how we might now be able to build an accurate record of information on Great Whites that have visited the coast in recent history (for the past 100 years).  Some students think we might be able to get information on shark teeth that fall to sediments.  Mrs. G redirects the thought by asking if there were other ways that humans could have built a record of Great Whites encountered at the coast, besides looking at teeth in sediments.  Students struggle with this once they realize that Google did not exist 100 years ago, so as she visits teams, Mrs. G asks them to think if there was anyone who would have had consistent access to the coast and might have documented information on sharks.  Students continue to stumble, but come up with ideas such as lifeguards or someone who lives at the beach. They acknowledge that they probably cannot see sharks very well from the shore.  

At one team, Minh has a very different idea.  She often goes to the pier to fish with her family and sometimes catches small “sand sharks”.  She explains that even her grandfather tells stories of catching sharks when he was a small boy in Vietnam.  Mrs. G asks if Minh minds sharing with the class, and pauses the class to have Minh share.  As she does, José’s eyes light up and he begins frantically waving his hand.  He, too, goes fishing with his family, and sometimes goes on a sport fishing boat.  When the boat returns to the dock, they have to report what they caught on the trip, and someone at the dock inspects their buckets.  The class quickly begins to realize that fisher logbooks might be a good source of information. 

One student quietly raises her hand and asks, “Why would someone catch a sand shark or a Great White anyway?”  Students offer suggestions such as they are good to eat, sometimes they are caught by accident, some people will catch them so they can brag about what they catch, and some people think sharks are dangerous so catching them makes the water safe.  The class decides they would like to see more information on shark catches to help them.  

During the next lesson, Mrs. G informs the class that she will be providing them with data on reported White Shark captures.  Once students have a chance to explore the figure and share a little bit about what they are observing with their team, she engages the class in a discussion on what they are noticing.  She asks them where the title is, students realize it’s at the bottom.  She asks if anyone has any idea what “temporal trends” means.  One student suggests temperature, and several agree.  Mrs. G continues, “What if I told you the word came from a Latin word, tempus”?  Kim, a music student, looks excited as she raises her hand, “Is that like tempo? We use that word in music, it like, deals with time or something”.  “Oh, good connection, Kim”, says Mrs. G., “It does have to do with time, so here we are looking at temporal trends, or trends over time”. Referring to the Key in the top left had corner of the temporal trends graph, she asks students to share what they think YOY, Juvenile, Subadult-adult, and Unk. are, and to color code the categories so they are easier to see. 
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Figure 14.1 Temporal trends in reported Southern California White Shark captures by age class, 1935—-2009.
YOY, <175 cm TL; juveniles, 1776—300 cm TL; subadult/adult, >300 cm TL; and Unk, size unknown.



 

(Lowe et al. 2012) 

Mrs. G now narrows the focus.  Using their science notebooks, she asks teams to now apply the crosscutting concept of cause and effect.  What questions can their team generate about the figure when considering cause and effect?  Using classroom established protocols, teams facilitate each other in generating ideas.  Students invite each other to share an idea before any one person shares more than one idea.  Students often invite someone who is reluctant to share to be the first one to speak.  Mrs. G overhears Minh’s group.  Minh restates the question for Maria, an English Language Learner who is often reluctant to speak, “Maria, what is your question about this?” pointing to the data in the figure, “This is effect.  What happened, what cause?” 

Students begin working and charting questions: why are there so few sharks reported before 1980?  Why do the numbers of sharks reported go down in the late 1990’s – early 2000’s?  Why are there so many young sharks and so few adults, etc? Students are then asked to narrow down to one question, and consider possible causes or factors that could have led to that result.  One team charted the following:

Question: 

Why are there so few sharks reported before 1980?

Possible causes: 

There weren’t very many Great White sharks.

People didn’t fish as much.

Fewer people lived in California so there weren’t as many fisherman.

There wasn’t good fishing technology before so it was harder to catch a Great White.

There wasn’t someone to track information and there weren’t computers yet.

Once people learned about sharks they were scared and they wanted to kill sharks. 

Although Mrs. G could really go deeper here with her students and spend more time exploring available data that may address their multiple possible causes, her purpose in introducing Great Whites was to help them understand how application of wave technology is helping researchers understand what is going on with the Great Whites off the coast of California.  She sets the stage by helping students to see the impact of a lot of variables on data.  She now provides the students with an article adapted from a paper written by researchers at California State University, Long Beach and the Monterey Bay Aquarium reviewing the history of Great Whites in California.  


Each team is asked to read a part and then report a key finding on the class white board.  From this, students comment on how messy and confusing the data can be and how there is a lot of information they have to take into account in order to make sense of it without misinterpreting it. For example, in some cases it might look like the Great White population is increasing, but at the same time the population of humans living and playing at the coast increased, this could have resulted in increased reports.  They were shocked to learn that a movie had an impact on the data.  The release of the movie Jaws resulted in an increase in White Shark reporting in the early 1980’s, as people set out to kill Great Whites.  However, some of this increase was due to more sharks were tangled in nets when commercial fishing as demand for human consumption and updated fishing technology increased. Scientists acknowledge that relying on fishing data is helpful because we can start to build some understanding, but it does not give them a very clear sense of what is actually going on with respect Great White behavior. 

The following next day, Mrs. G asks, “Is there a better way to find answers as to why there are so many YOY and juvenile Great Whites off the coast?  When are they here?  Also, what are they doing other than looking at information from fishers reports?  Can you think of a way we might get some more reliable data?”

Students begin sharing ideas and eventually Victor raises his hand and mentions that we should make a drone to track sharks, and the class erupts in laughter.  Mrs. G smiles and says, “Victor is on to something!  Drones work in the air, and some life guards have tried using a drone rather than sending a life guard out on a jet ski just to see where they are.  Even with a drone, however, we cannot see the sharks if they are not at the surface.  Can you think of something that could work in the water”?  Victor lights up and says, “An underwater robot!” “I think you are on to something, Victor”, says Mrs. G.

Mrs. G brings up the webpage for the Oceanographic Systems Lab at the Woods Hole Oceanographic Institution to show them video for the Autonomous Underwater Vehicle (AUV), REMUS. Students are asked to record any “aha moments” as they view the video.  

Students are asked to consider what information on sharks REMUS can provide.  The excited students begin listing things like sharks are awesome, sharks can bite hard, sharks don’t like the AUV.  Mrs. G redirects them and asks them to remember that even though data can be confusing, we can clearly see that humans have an impact on the shark population through our activities.  So, when considering REMUS, think of asking questions generated from the crosscutting concept of cause and effect.  What cause and effect questions could REMUS help us answer about Great Whites? Students are given some time to generate questions in their notebook.  

Mrs. G then points out that just like with the Woods Hole REMUS team, there are several labs focusing on sharks here in California where researchers locate and tag sharks, then release them.  Scientists also have the capability of getting information from the tags themselves.  This advancement in technology is providing more information than ever before on Great Whites.  

Mrs. G asks the class to consider how this might be done. What would the tag measure in order to help scientists understand Great Whites better?  How would we get information from the tag (for example, how did REMUS locate the tagged shark in the video)?  She asks students to use their team white boards to model a tag and how a scientist could get information from it.  Students can include sketches with labels and rationale.  Students quickly think of things they want to measure but become perplexed as to how a tag works.  There is some conversation about having a chip to store data, but they are especially stumped about how scientists would get the information from the tag unless they caught the same shark again.  Sophia comments that “Maybe it works like a television – somehow the television gets the show from the television station, don’t towers do this?  It’s called a signal, right”?

After sufficient time for students to grapple over the workings of a tag, Mrs. G asks them to just think about what the tag would record. She partners students who have mobile devices with those that do not to look up the sorts of things such a tag can actually measure, and suggests they look up SPOT and PAT tags as these are commonly used on Great Whites.  The students develop a list of things the tags can measure such as temperature, depth, and light intensity.  At one team, Trinh wonders aloud how this will tell them anything about what’s going on with the shark and how we would get the information from the tracker.  Her teammate, Oscar, reading from his phone, mentions that, “The SPOT tags transmit using radio waves and so the shark would have to be at the surface to transmit to a satellite.  When it swims up to the surface, we would know where the shark is, but the PAT tags are designed to pop off and float to the surface”.  Trinh comments, “That’s strange, why does it have to transmit at the surface”?  

When the class arrives the next day, Mrs. G asks the teams to make sure they recorded what they learned yesterday in their science notebooks.  She then asks the class to consider the limitations of a radio wave tracker.  Students share ideas such as having to wait to get data because radio waves do not work well underwater and that they can only get some types of information. 

Mrs. G asks the students what might transmit better in the water than radio waves.  “Can you think of any other way we get information underwater?”  Victor raises his hand and mentions he remembers his uncle talking about Navy submarines using sonar that use sound.  “Let’s see what we can find out about sound waves then”, says Mrs. G., and she invites those with web devices to look up information on sound waves.  The class excitedly confirms that a sound wave can move through water.    

Although her students have heard of radios and sound before, the idea of thinking of these as waves is new for them.  For the rest of the period, Mrs. G gives the class time to dig deeper into radio waves and sound waves and explore the phenomenon of what happens to waves in water.  She asks them to think of objects in the classroom that use radio waves and those that use sound waves. A student thinks of a radio and grabs a small hand-held AM/FM radio.  One student questions if radio is the same as sound.  Acknowledging this, Mrs. G asks him to think of something that has sound that is not a radio.  He grabs the class digital timer.  Mrs. G has a large saltwater tank set up that had been donated to the class, already filled with a saltwater solution she made that morning.  She sets out zip-top bags and asks the students to turn on the devices and seal them up tight.  As they work, she asks them to record procedures, predictions of what will happen when they submerge devices, and give a rationale for their thinking.  After each team confirms everyone has their predictions with rationale, students with short sleeves hold the devices in the center of the tank, surrounded by about a foot of water on all sides. To their delight, they can no longer hear the radio after submerging, but can hear a faint buzzer of the timer.  

The subsequent day, Mrs. G continues to let the students test, but wants them to work with a little more information.  She also asks them what type of energy radio waves and sound waves are considered.  Mrs. G seeds the conversation by letting students know that radio waves are the same type of energy as light energy.  Students remember hearing about light energy from their work last year with photosynthesis, and they recall that light is also electromagnetic energy.  She asks why one is called light and the other radio.  Kim says she thinks it has something to do with how big the wave is.  Pulling out a poster of the EM spectrum, Mrs. G confirms that radio waves are bigger.  Mrs. G is intentionally allowing students to use their own words to describe the energy: students will be exploring waves further after this lesson sequence and will refine their ideas and vocabulary then. 

Mrs. G directs their attention to sound energy and she asks why our ears can detect sound.  One student recalls from 6th grade that they explored that sounds made waves and something on a cell moved and the brain got a signal.  Mrs. G confirms that this is called mechanical energy.  She asks the students to build a Venn diagram in their notebooks so they could compare and contrast electromagnetic energy with mechanical energy.  Today students are free to test any type of EM or mechanical energy in water, not just radio or sound waves.  Students test a variety of objects like flashlights, remote control, tuning forks, windup toys, even Principal M’s outdated cell phone (she said she didn’t mind if it accidentally got wet, it would be an excuse to get a new one).  Students are documenting everything in their science notebooks. 

These past two days have been an opportunity for students to engage and make their own sense of the energy at this point.  They will refine their thinking and align with scientific understanding energy and waves in the next unit. 

The next class period, Mrs. G asks students to consider their testing and the cross cutting Concept of cause and effect – what question were you investigating with your test?  Which type of tests were the most meaningful? If you wanted to apply to be a student researcher with the Shark Lab at CSULB, what type of wave would you suggest the lab use in its tags and why?  After giving the class time to discuss in teams, Mrs. G asks students to take the question and build a claim-evidence-data-reasoning table.

	Question
	What wave would you choose for a Great White tag and why?

	Claim

This answers the question
	

	Evidence
	Data

observations, measurements that support the claim
	Reasoning

your explanation that relates the science ideas you have learned to the claim

	
	
	

	
	
	


After drafting their own table, Mrs. G decides to have a claim-evidence-data-reasoning table “throw down”.  Each team is to now generate one claim-evidence-data-reasoning table and they must reach consensus on it.  Teams will then do a gallery walk of the tables and decide the “best” one in the class – which had the most solid evidence (whose was the most persuasive, clearly organized, good explanation linking data to the claim, accurate science ideas).   The students in that winning team will earn tokens that students can cash in for extra credit.

The final two days of the learning sequence Mrs. G has her classes return to the initial phenomenon: Why are White Sharks off our coast, and why are they doing what they are doing?  She also wants to address the question everyone has on their mind, should we be worried?  


Mrs. G informs the students they will be holding a town hall meeting.  Concerned residents want to know what’s going on with Great Whites spotted close to shore.  The mayor has called for a special town hall meeting to figure out what’s going on and to decide if we should let people in the water.  Mrs. G assigns each team a designated “role” in the town hall meeting, which also includes their “position” on the issue. Students have a day to write a 2-minute statement that their team will read at the meeting (Mrs. G suggests structuring this as a claim-evidence-data-reasoning statement, using the table as a pre-write to the statement) and to think of possible counter arguments or rebuttals from opposing viewpoints, and how they might address these.  


Collaborating with the 8th grade Language Arts teacher, Mrs. G learns that the students are familiar with ethos, pathos, and logos and have had practice embedding these into essays, which would work perfectly for this sort of real-world simulation.  It would not only give students an outlet for their emotion (pathos, plea to feelings or morals), but would force them to have evidence for arguments (logos, use logical proof/actual evidence), and cite a credible expert (ethos, revealing experts with credentials that agree with your side).   Supporting them in this process, Mrs. G reserves the school library so all students will have access to computers as well as other resources (Mrs. G has a basket ready to go with some relevant resources she has gathered over the past year knowing she wanted to do this project.  Having all of these resources gathered will save a little time as they only have one day for this part of the lesson sequence).  

Day two is reserved to hold the actual meeting and ask the Mayor’s Special Committee (a roles assigned to a non-biased team who would use good judgment and listen to the arguments) to make a recommendation based on the arguments.  The team representing the Mayor’s special committee runs the meeting, times the speakers, and evaluates the quality of arguments from a rubric.  The team with the highest quality arguments is the position that they will recommend to the mayor. 

Grades 6-8 Discipline Specific 

Middle School Vignette 

Using Models of Space Systems to Describe and Explain Patterns of Moon’s Phases

 (Adapted from NGSS Lead States 2013a, Case Study 3)

The vignette presents an example of how teaching and learning may look like in the classroom when the CA NGSS are implemented.  The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunity to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses.   In addition, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year. 

Introduction

The students in Mr. O. sixth grade classroom receive science instruction five days a week for 50 minutes each day.  The students also receive instruction in reading/language arts and mathematics in an integrated fashion.  Strategic grouping of students provides opportunities for peer-to-peer collaboration, facilitating support for struggling students, including English Language Learner students. 

In the lesson sequence in this vignette, Mr. O. uses multiple means of representations for allowing students to make sense of the view of the Moon phases as seen from Earth. These representations include: computer models using planetarium software (available free online
), physical models (foam balls, a lamp, golf balls), and diagrams such as foldables (three-dimensional interactive graphic representations with templates available online). Engaging the students in these multiple experiences to explain the same phenomenon and allowing them to develop their own models or evaluate alternative representations of the same model facilitates students’ development of a conceptual model of the Earth-Sun-Moon system. In addition, the multiple experiences support language development as students discuss and ask questions about the experiences.

Mr. O. has been preparing for this unit for the past four months and he had strategically alerted students to look at the Moon in the sky throughout multiple days and notice changes in what they saw. Also, he often started the day by showing pictures of the Moon he had taken with his cell phone or had found online and had posted those picture in a corner of the classroom with a label indicating date and time. Most of the students knew already that the Moon appears different across different days of the month. Most of them, however, had not observed the Moon during daytime and they were surprised when Mr. O. pointed out to the Moon in the sky one morning while they were playing in the playground before class. This preparation increased students’ interest and everybody was excited when Mr. O. announced, “Today we are going to learn about the Moon.” 

Day 1 - Exploring the Earth-Moon-Sun relationship. 

Mr. O. initiated the unit by asking students to open their notebooks, write the numbers 1-8 down the next blank page, and title it “Relative Diameters.” On the interactive whiteboard, he projected a slide from a multi-media presentation Two Astronomy Games that showed nine images each identified by a letter and a label (Morrow 2004).  The images were the Sun, Earth, a space shuttle, the Moon, the solar system, Mars, a galaxy, and Jupiter.  Students were asked to number the objects in order from smallest (number 1) to largest (number 8) and from nearest to the surface of the Earth to farthest from the surface of the Earth. As the students marked their choices on their own, Mr. O walked among the students’ tables to gain insight regarding their prior knowledge. He planned to have students come back to this page later. Kevin, one of the most talkative students, seemed pleased and announced, “I love to study space!”

Mr. O. moved to the front of the classroom and picked up a standard-sized playground ball in his hand. He asked the class to imagine the ball was Earth and he wrote down the class’ consensus of the ball’s dimensions that they had measured in math class. The diameter of the ball was 42 cm. Then he presented the class with a box of seven balls in a variety of sizes and listed their dimensions on the interactive whiteboard.  He asked:  “If Earth was the size of this playground ball, which of these balls would be the size of the Moon?”  One student (from each table) came up and chose the ball they thought would be correct.  Their choices varied from a softball to a small marble.

Before going further, the class reviewed the term diameter and Mr. O. asked, “If you know that Earth’s diameter is 12,756 kilometers and the Moon’s diameter is 3,476 kilometers, with your table groups, come up with a method to see if the ball you chose is the right size for this size Earth (holding up the playground ball).” (using mathematics and computational thinking) (scale, proportion, and quantity) (CA CCSSM .6.RP.1)
After some discussion time, students reported their calculations.  One group noticed that there was a proportional relationship in the diameters of approximately 1:4, Earth to Moon.  A student asked how they made that determination.  Jeff responded, “If you estimate using 12,000 and 3,000, three goes into twelve four times.” He showed on the interactive whiteboard how four circles of a Moon model fit across the diameter of an Earth model.  Mr. O. said, “Now look at your ball as a Moon model and decide if you think it is the correct size.  What can you do to be sure?  Decide on a process.” He let them use the playground ball as needed. (MS-ESS1.A)
Each group reported their findings and methods for determining whether or not their choice would be correct.  One group made lines on paper where the endpoint of their ball was and did the same for the playground ball.  Using those measurements and the 1:4 ratio, they decided if their Moon was the correct size.  Another group used string to measure the diameter of the balls and then determined whether or not it was correct.  Still another group held their ball up against the playground ball and moved their ball four times while marking the playground ball with a finger to see if their ball was the correct size for the model of Earth.

All groups reported their findings to the classroom. Kevin was agitated as he explained, “I told my group they were not right. The racquetball is the only one that is possible as the Moon, but they wouldn’t believe me.”  Mr. O. asked Kevin to restate the rule for when his group disagrees. Kevin thought and said, “When my group disagrees, I listen and then tell them what I think.” The classroom came to a consensus that the racquetball was the correct size ball to represent the Moon for the playground ball to represent the Earth.  

Day 2 - Exploring the Earth-Moon-Sun relationship. 

On the next day, Mr. O. showed the students the actual distance from Earth to the moon and the circumference of Earth in kilometers.  He asked them to figure out the distance between Earth and Moon in the model and to show it using string.  Students were shocked at the distance the Moon was from Earth in this model. Their estimates had been much lower.

The class continued this activity by choosing correct size balls for the sun and Earth. Students also considered the relative size of the Sun and the distance of the Sun from Earth in the model.  They used the evidence of the diameter of the Sun and its distance from Earth in the same way they determined the size and distance of the Moon from Earth.  Some students were surprised at the size of the Sun and its distance from Earth in this model.  Jeff decided that they could not fit the Sun in the room.  He explained that it would take over 100 playground balls to approximate the Sun’s diameter. Jeff was eager to share his mathematical skill at finding the answer: “I know the answer! It would take almost 12,000 playground balls lined up to show how far away the Sun would be in this model.” (scale, proportion, and quantity)
The students returned to their initial ideas on the “Relative Diameters” page in their notebooks, renumber the objects, and write any ideas that had changed after making the model. After giving students time to record their responses, Mr. O. showed images of the items on the interactive whiteboard and led a discussion of the great distances between objects in the solar system in preparation for modeling the Moon’s phases. (MS-ESS1.B)

Day 3 - Exploring Moon phases: Computer representation



For this lesson sequence, Mr. O. considered the make-up of the table groupings of students.  He wanted all students to have support while determining methods to check their choice of the Moon model, so he grouped students with that concern in mind.  He used physical representations of Earth and the Moon and had students represent the distance physically, thereby assisting them in visualization and comprehension. 

Mr. O. downloaded an open-source planetarium software onto his interactive whiteboard- connected computer as well as onto the 14 student computers he had in his classroom.  Each student also received a one-page calendar and they were instructed to use it to collect data using the software. Mr. O. launched the program on the interactive whiteboard, introduced the students to the software, and showed them how to change the date and set up the scale Moon so they could see the phases. Mr. O. also showed how the Moon’s and Earth’s orbital planes are offset by 5 degrees in an effort to help students understand how light can illuminate the Moon when it is on the other side of Earth without being blocked by Earth’s shadow.  

Recording began on the first Sunday on the calendar and ended on the last Saturday, resulting in five weeks of data to analyze (analyzing and interpreting data) Mr. O. modeled how to record the data on the whiteboard next to the interactive whiteboard.  Students recorded the time and direction of moonrise and moonset as well as the apparent shape of the Moon in the sky for each date.  To make sure that students understood the process and were recording accurately, he walked through the room and checked student work throughout the lesson.  

During this data collection process, the students were told to focus their attention to the Sun-Moon relationship so they could see the light from the Sun traveling in a straight line to the Moon. The Moon was in the sky as the Sun was rising, and they focused on the Moon so that they could use the model for predictions. Mr. O. asked, “Does anyone know where the Sun is right now?” Brady responded, “It’s more to the east and still rising.”  Using the time and date function in the program, Mr. O. advanced the time to show the sunrise and said, “Look at the Sun and Moon.  What pattern do you notice about the light on the Moon in relation to the Sun?” (Patterns) Hillary answered, “It is going from the Sun to the Moon.”  Mr. O. responded, “Hmm. The light travels in a straight path from the Sun to the Moon.  You have already learned that light travels in a straight line.  Can we use that information to predict the position of the Sun even if we can’t see it?  Let’s try as we continue.” After collecting six days of data, Mr. O. asked students to look at the pattern in their data and predict the time and direction for moonrise and moonset on the next day. Bringing their attention to the patterns in the data he asked, “What time do you think the Moon will set on this day?  The last time was 12:09.” Mark said, “I think 12:59.” Mr. O. advanced the time in the software until the moonset – at 13:08.  Jeff called out, “So it is setting about an hour later each time.” To reinforce the language Mr. O. will use on many occasions throughout the unit the following question, “What does that tell us about the planets and the Moon?  They all move…” and students responded, “…in predictable patterns.”

A student said, “So let’s see if that pattern continues the whole month.” Once Mr. O. was satisfied that the students had a foundation for data collection and that they were not just copying numbers from the software into their worksheet calendar, he told them to move to their computers in partners so they could work more independently to complete the data collection on the calendar. The students continued to record data about sunrise and moonrise until all the days in the handout calendar were filled.

Day 4 – Exploring moon phases: Physical representation 

After students worked at the computers to complete the calendar, Mr. O. started a related activity in which they modeled Moon phases using Styrofoam balls, their heads, and a lamp with a bare bulb.  In small groups students stood in a circle around a lamp representing the Sun, holding a Styrofoam ball on a stick representing the Moon.  They held the ball at arm’s length and rotated their bodies using their heads as a representation of Earth so they could see the earth view of the Moon in all its phases in the lit portion of the ball.  Mr. O. directed Nicole to look at the Styrofoam ball and the changing shadow. “What? I don’t see the shadow.” Mr. O. pointed out the curve of light on the Moon. “I see it!” Nicole said. The students went through the phases, making a drawing in their notebook and naming each one. Small groups allowed Mr. O to make sure that all students could see the lit portion on the Styrofoam balls for each phase and were able to [image: image57.png]


accurately illustrate the phases in the model, giving him the opportunity to physically move them into position as necessary.  He frequently checked with students in the groups to show him to reproduce the position of the Styrofoam ball corresponding to the drawings in their notebook. 

For this activity, Mr. O. expected all students to observe that the lit segment of the Moon’s face increased, decreased, and increased again relative to the part in shadow.  He also expected students to notice that the lit side of the Moon was on the left after the full Moon phase, and on the right after the new Moon phase, as viewed from Earth. 
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Day 5-7 – Developing a model to explain the Moon phases. 

Next day, Mr. O. pulled out large whiteboards and instructed the students to collaborate and make a drawing to explain how the model of the Moon phases illustrated changes in the apparent shape of the Moon.  They discussed limitations of the models – the things that a model is unable to show accurately. For example, the students identified the relative sizes of the Sun, Earth, and Moon as well as the relative distances between each as being inaccurate in this model. They had learned that in the previous days. (developing and using models)

Over the next two days Mr. O. again pulled small groups of students to use another physical model showing Moon phases. (developing and using models) This one used golf balls that were painted black on half of the sphere, leaving the other half showing the side of the Moon lit by the Sun (Young and Guy 2008). The golf balls were drilled and mounted on tees so they would stand up on a surface.  Mr. O. had two sets – one set up on a table that showed the Moon in orbit around the earth in eight phase positions as the “space view” model (Figure 1), and the other with the model Moons set on eight chairs circled in the eight phase positions to show the “earth view” model (Figure 2).
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First, students were shown the space view model and asked what they noticed about the Moons.  Mr. O. wanted them to notice that the white sides of all the balls (showing light) faced the same direction.  He asked them to identify the direction of the Sun.  Then Mr. O. drew the students’ attention to the model on the chairs, the earth view model.  All the balls in this model faced the same direction as those in the space view model. Students again identified the direction of the Sun and noted that the position of the Moons in both models was the same (MS-ESS1.A). One at a time, students physically got into the center of the circle of chairs and viewed the phases at eye level, which simulated the earth view of each phase. Also, students compared their drawing on the whiteboard illustrating the model of the Earth-Sun-Moon system with what they were seeing now.  This activity made the diagram, often found in books and worksheets showing both views on the same diagram, less confusing to the students (developing and using models). 

Throughout the lesson sequence, Mr. O. continually formatively assessed students’ progression of learning through observations and classroom discourse.  If he noticed students needed more experience with Moon phases, he provided them with additional activities such as videos and Moon phase cards. In one formal assessment of understanding, Mr. O. paired students together so that one was assigned to be the earth and the other the Moon.  He designated one wall of the classroom as the Sun and then asked the Moons to show different phases.  The students switched roles so that Mr. O. could assess everyone.  He also used this model to demonstrate the Moon’s coincident rotation and revolution.  In another formal assessment, he asked students to draw a model on whiteboards showing the relationship of the earth, Moon, and Sun in full Moon phase.

Day 8 – Solidify learning about Moon phases and extend learning through readings. 

Mr. O. brought all students together the next day to create a foldable showing the earth view of the Moon phases similar to diagrams found in books. Students created their Moon phases using eight black circles and four white circles, cutting the white circles to make two crescent Moons, two gibbous Moons and two-quarter Moons.  The white circle pieces were placed on the black circles to create the phases, and later glued on the foldable.  

Students partnered to read The Moon by Seymour Simon (2003). Students used the information in the book to label the Moon phases on their foldable, write about the Moon’s surface, and record any new questions that arose from their reading. Kevin asked, “When is the next solar and lunar eclipse?” Jeanette questioned, “What samples were brought back from the Moon?” And Nicole wanted to know, “Where did Americans land on the Moon?” To support their reading of the text, the teacher gave Hillary, Brady, and Jeff the option of being paired with students who had more advanced reading skills. The teacher allowed students who finished with the entire reading task to use text materials and Internet resources to research answers to the questions they developed when reading The Moon. The teacher will use these answers to these questions during the next few days. For example, Mr. O. may have students revisit the physical model of the Earth-Sun-Moon system to explain solar and lunar eclipses (MS-ESS1-1). 
NGSS Connections and Three-Dimensional Learning

	Performance Expectations

	MS-ESS1-1 Earth’s Place in the Universe
Develop and use a model of the Earth-sun-moon system to predict and describe the cyclic patterns of lunar phases, eclipses of the sun and moon, and seasons.
MS-ESS1-3 Earth’s Place in the Universe
Analyze and interpret data to determine scale properties of objects in the solar system.

	Science and engineering practices
	Disciplinary core ideas
	Cross cutting concepts

	Developing and Using Models
Develop and use a model to describe phenomena.
Analyzing and Interpreting Data
Analyze and interpret data to determine similarities and differences in findings
	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.
ESS1.B Earth and the Solar System
The solar system consists of the sun and a collection of objects, including planets, their moons, and asteroids that are held in orbit around the sun by its gravitational pull on them. This model of the solar system can explain tides and eclipses of the sun and the moon.


	Patterns
Patterns can be used to identify cause-and-effect relationships
Scale, Proportion, and Quantity
Time, space, and energy phenomena can be observed at various scales using models to study systems that are too large or too small.

	Connections to the CA CCSSM: MP. 1, MP. 2, MP. 3

	Connections to CA CCSS for ELA/Literacy: RI.7, RI.8, SL.8.1, SL 8.2, RST.6-8.2, RST.6-8.3

	Connection to CA ELD Standards: ELD.PI.8.1, ELD.PI.8.5, ELD.PI.8.6a-b, 


Vignette Debrief

The CA NGSS require that students engage in science and engineering practices to develop deeper understanding of the disciplinary core ideas and crosscutting concepts. The lessons give students multiple opportunities to engage with the core ideas in space science (moon phases), helping them to move towards mastery of the three components described in the CA NGSS performance expectation.

In this vignette, the teacher selected two performance expectations and in the lessons described above and he engaged students only in selected portions of these PEs. Full mastery of the PEs will be achieved throughout subsequent units. 

Students were engaged in a number of science practices with a focus on developing and using models and analyzing and interpreting data. Space science lends itself well to the use of models to describe patterns in phenomena and to construct explanations based on evidence.

With guidance from their teacher, students used the ratios of the diameters of Earth and its moon to construct a class model of the relative sizes of the two objects.  Using distance and Earth’s diameter or circumference ratios, they also constructed a distance model of those objects.  In addition, the relative size of the Sun and the relative distance from Earth in this model was calculated and described, although not constructed (due to the constraints of the room and location).  Throughout the vignette, a variety of models were used to help students identify patterns in the relative positions of the Earth, Moon and Sun, and to explain moon phases.

Students made predictions about the data collected and recorded them on the calendar, using the lens of the crosscutting concept of patterns.  When analyzing and interpreting the data, they identified the patterns in the Earth-Moon-Sun relationship. The pattern made by the lit portion of the moon was observed and recorded.  In addition, students considered the crosscutting concept of scale, proportion, and quantity as they constructed models of relative sizes and distance of the sun and planets.

CCSS Connections to English Language Arts and Mathematics
Students are engaged in small group work activities, both listening to their peers ideas and sharing their own thoughts. Students used the text in The Moon Book to label each phase of the Moon in their graphic organizer foldable. This connects to the CA CCSS for ELA/Literacy Reading Informational Text standard (RI.7). In addition, they summarized information about the surface of the moon inside their foldable, which corresponds to Reading Informational Text Standard 8 (RI.8).

When comparing sizes and distances, students were challenged to find ways of comparing numbers, applying the CA CCSSM Standard for Mathematical Practice 1 (MP.1). In addition, students used rounding and estimation to calculate the quotients in the ratios, both skills developed in earlier grades. Throughout the unit, students reasoned quantitatively as they compared the sizes of the Earth and Moon, Standard for Mathematical Practice 2 (MP.2). As students made conclusions about which ball was the moon, they argued for their selection and agreed or disagreed with each other using their calculation, Standard for Mathematical Practice 3 (MP.3)

MP.1 Make sense of problems and persevere in solving them.

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoning of others.

 Resources for the Vignette
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Middle School Vignette

Mass and Energy in Photosynthesis

Day 1: The mass in photosynthesis
Mr. G displays a simple food web on the board and asks students to trace out how material flows from one organism to the next, applying their model from 5th grade (5-LS2-1) and unit 1. He writes two questions on the board and tells students that they will form the basis of the next several lessons: "If the mouse eats only blades of grass, how come it doesn't just look like a bunch of chewed up grass all stuck together?" and "From where does the blade of grass get its mass?". Mr. G tells students that they will begin with the first question and asks students to discuss the following questions in groups: 'Which contributes the most to the mass of a plant: Soil, air, water, or sunshine? What makes you think this? Plan an investigation to figure out if you are correct." There is no overall consensus between the teams and all the teams demonstrate some sort of preconception – Soledad reports that the mass comes from sunshine since she knows plants grow in the desert where there is no water. Robert claims that the mass must come from the soil because it is the heaviest thing that plants need in order to grow. Most teams agree that it cannot be the air since air "doesn't weigh anything." Most of the teams have proposed worthwhile experiments where they vary just a single parameter and make measurements of the inputs and outputs. For example, Soledad's team wants to grow plants with different amounts of sunlight and compare the mass of the final plant. Robert's team argues that such an experiment could still prove his team correct; maybe the plant that grew more got all its mass from the soil. "You have to measure the soil," complains Robert's teammate. Mr G then begins to describe a famous investigation published in 1648 by Jan Baptist von Helmont (Hershey 2003). He had this same question and decided to plant a small tree in a pot and water it with the same amount of water every day for five years. At the end of this long period, von Helmont measured the mass of the tree and the mass of the soil. The tree had gained 164 pounds while the soil had an almost identical mass to the start of the experiment. Von Helmont correctly concluded that the mass of the tree could not have come from the soil, but he jumped to the conclusion that the water must have been the source of the mass too hastily – he hadn't measured the mass of the water. Mr. G then provides students data from a more modern experiment in a controlled environment. They calculate the amount of water added and find it is less than the mass increase by the tree (CA CCSSM 7.EE.4). That leaves students debating between only the air and the sunlight. Mr. G intervenes and asks Soledad's teammates if sunlight carries any mass and her teammates uniformly agree that sunlight isn't heavy or light, with Soledad herself mentioning, "you can feel air pushing against you like when it's windy, but you can't feel light pushing on you in a room. I don't think light has any mass, but air does." Students agree, but remain skeptical. How can air turn into a tree? 
Day 2: Modeling Chemical Reactions
The next day, students return and Mr. G reminds them of the two questions they wrote on the board the day before. For their warm-up, he has them write a brief scientific explanation about where the mass of a tree comes from, prompting them to include evidence along with their reasoning. Most of the students are able to reproduce the argument from the day before, but they don't necessarily believe it. Mr G writes balanced equation for photosynthesis on the board using both element symbols and common names for each compound. He tells students that this equation is how scientists represent the chemical change going on inside the tree. He uses the term 'chemical change' without defining it in a technical sense. The distinction between physical and chemical changes or chemical reactions is not essential for this discussion. He described how the letters are abbreviations of different types of atoms, and that each combination of atoms is called a molecule. He also spent a few minutes describing how the left side of the equation represented the starting ingredients and the right side represented the material after it had been rearranged to make a tree. He explained the meaning of the numbers for the subscripts (explaining them as analogous to the numbers in front of variables in mathematical equations). Mr. G then challenged the students to model that reaction using LEGOs. Each group of students had a variety of LEGO pieces that they could assemble in their work areas. 
Marco, the reporter for one student group, communicates how they used a different type of LEGO for each molecule. Mr. G had noticed that almost all of the other student groups had used a similar type of modeling. Marco explained how their model represented carbon dioxide with the small black LEGO (“just like coal”), water with the small blue LEGO (“just like the ocean”), glucose with the big white LEGO (“just like a sugar cube”), and oxygen with the small red LEGO (“just like fire”). Kelly, another member of the same student group, proudly added that they had used six of each type of LEGO except for only one white LEGO so their model was just as correct as the equation that Mr. G had put on the board.  
Mr. G then had everybody gather around the group that included Juanita and Alex. Alex explained that they had tried to use models where each type of LEGO represented a different kind of atom in the chemical equation. "Each letter in the chemical names is a different color," described Alex, "so we only used three colors." Juanita interjected that, "but we couldn't agree about how to put together the glucose molecule."
Mr. G had everybody return to their working group areas, and he projected illustrations of models that scientists use to represent the bonding within and the shapes of common molecules (carbon dioxide, water, glucose and oxygen). He challenged the groups to discuss what kind of materials that they might use to represent those molecules and the equation. Walking around the room, he helped steer the conversations toward a consensus on using different colored sticky notes to represent the three different types of atoms involved. Mr. G told them they could use a smaller size sticky notes to represent hydrogen since it is the smallest atom.
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Figure 18. Model of glucose from one of the student groups.
The next day, each of the student groups gathered their supplies of sticky notes and began to assemble them to model photosynthesis (a preview of MS-PS1-1 that students will master in grade 8). As shown in Figure 18, most of the student groups successfully created a model of a glucose molecule. They had also used the correct numbers of all the molecules. They were able to use evidence to explain that in the reaction none of the atoms had disappeared, and that there were also no new atoms in the products (a preview of MS-PS1-5). The products side of their model had exactly the same numbers and kinds of atoms as the reactants side of their model. Mr. G reinforced their use of the term “conservation of matter” to describe this feature of the chemical change. The tree is made up of a combination of water and carbon dioxide. With this model of rearranging atoms, students were finally able to accept the idea that air played an important role in making up the mass of the tree. 
Day 3: Energy and the chemical reaction of respiration
In the next lesson, Mr. G. wrote up an equation representing cellular respiration. He asked students what happens to the atoms of a tree leaf or a blade of grass when an animal eats them. He encourages them to use their understanding of conservation of mass to reason out that the atoms must be rearranged again inside the organism. 
Following that introduction, Mr. G challenged the students to use the sticky notes to model the reaction of respiration. There was some grumbling about having to make the sugar molecule again, but Mr. G reminded them that not only did plants always make sugar without any whining, the plants also did not complain about being eaten. As always, Mr. G interacted with the different student groups and helped guide the actions and conversations in educationally productive directions.
When it was time to share in groups, the students seemed comfortable with the concept that photosynthesis and respiration were examples of atoms being rearranged and that the amount of mass remained constant. Mr. G felt the students now had the foundation to understand the relationship between matter and energy in biomass. He returned to a food web and asked where the mouse got its energy for staying alive. Students easily answered that the energy came from the grass, but did not yet make the link between respiration and energy. Mr G gave a brief lecture about how the linkages between different atoms are called chemical bonds, and that breaking apart chemical bonds and creating new ones involves transfers of energy. It takes quite a bit of energy to build up the complex glucose molecule during photosynthesis, and that energy comes from the Sun. Breaking apart glucose molecules and forming carbon dioxide and water molecules releases energy that organisms can harness for their daily lives. The more glucose they 'burn,' the more energy they can access.
Day 4: Photosynthesis and Respiration in Ecosystems
Mr. G transitioned the class to considering the cycles of matter and the flows of energy from the point of view of whole organisms. He first elicited from the students what they knew about systems and system models in terms of drawing the boundary of a system, identifying the parts of the system, and identifying the system’s inputs and outputs. As a whole class, they agreed on the conventions they would use in drawing the system. 
Returning to the river environment diagram, Mr. G asked the students to work in pairs and use a system model to illustrate the flows of matter and energy into and out of the deer and also into and out of the grass. The students generally had no or few problems identifying flows of matter and energy into and out of these organisms. By sharing their diagrams with each other, they were able to fill in missing items or correct mistakes without needing Mr. G to point it out for them. A whole class sharing and discussion cleared up any remaining inconsistencies relating to the diagrams.
Mr. G then challenged the students to create a diagram of a system consisting of the deer and grass, and to show in their model the flows of matter and energy focusing on the processes of photosynthesis and respiration. Figure 19 shows the consensus diagram that emerged after students worked on their individual team diagrams, critiqued each other’s diagrams, iteratively improved them, and then finalized the diagram after whole class discussion. Mr. G guided the class to keep simplifying the diagram so that it highlighted the cycling of matter within the system and the flows of energy into and out of the system.
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Figure 19. A deer-grass system
	Performance Expectations

	

	MS-LS1-6. From Molecules to Organisms: Structures and Processes
Construct a scientific explanation based on evidence for the role of photosynthesis in the cycling of matter and flow of energy into and out of organisms.

MS-LS1-7. From Molecules to Organisms: Structures and Processes
Develop a model to describe how food is rearranged through chemical reactions forming new molecules that support growth and/or release energy as this matter moves through an organism.

	Science and engineering practices
	Disciplinary core ideas
	Cross cutting concepts

	Developing and Using Models
Develop a model to describe phenomena.
Constructing Explanations and Designing Solutions

Construct a scientific explanation based on valid and reliable evidence obtained from sources 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.
	LS1.C: Organization for Matter and Energy Flow in Organisms

Plants, algae (including phytoplankton), and many microorganisms use the energy from light to make sugars (food) from carbon dioxide from the atmosphere and water through the process of photosynthesis, which also releases oxygen. These sugars can be used immediately or stored for growth or later use. 

Within individual organisms, food moves through a series of chemical reactions in which it is broken down and rearranged to form new molecules, to support growth, or to release energy. 

PS3.D: Energy in Chemical Processes and Everyday Life

The chemical reaction by which plants produce complex food molecules (sugars) requires an energy input (i.e., from sunlight) to occur. In this reaction, carbon dioxide and water combine to form carbon-based organic molecules and release oxygen. 

Cellular respiration in plants and animals involve chemical reactions with oxygen that release stored energy. In these processes, complex molecules containing carbon react with oxygen to produce carbon dioxide and other materials. 
	Systems and System Models
Energy and Matter 

Matter is conserved because atoms are conserved in physical and chemical processes. 

Within a natural system, the transfer of energy drives the motion and/or cycling of matter.

	California’s Environmental Principles and Concepts

	Principle III. Natural Systems Change in Ways that People Benefit from and can Influence


Middle School Vignette

Structure, Function, and Information Processing

The vignette presents an example of how teaching and learning may look in a 7th grade classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Introduction

Day 1 – Organisms: The Sum of their Sub-Systems

Ms. K begins the second part of her unit after completing her lessons about cells as tiny living systems. She tells her students that the focus of the next several lessons will be to build models of how these cells interact and work together to make more complicated organisms involving more complicated interacting subsystems (MS-LS1-3). 

Ms. K asks her students to think about a pine tree. She has them visualize the pine tree as a whole organism then slowly walks them through the various parts of the tree: the trunk, the crown, the limbs, the branches and smaller twigs, and finally the needles on the twigs. They also discuss the purpose and function of the bark, needles, pinecones, and root system of the tree. Ms. K explains that the tree can be considered a system, made up of several sub-systems. She then asks students to consider several questions including: “What would happen if the root system were damaged?” “What if the trunk and bark were compromised due to fire or a lightning strike?” Ms. K projects several images of the giant sequoia, Sequoiadendron giganteum, for the class to view, including the cross sections of the sub-systems discussed in class, trunk, roots, and bark. To further engage students in this discussion she asks them, “How many of you have ever seen a tree this big?” A few students mention family trips to some of California's national parks while others describe large trees they pass along the way to school. Ms. K then raises the rhetorical question, "How can something that large stay alive?" and prompts students to think about what it must take for this tree to live and grow. Students share some of their background knowledge about plants from elementary grades, mentioning things about plants needing water, light, nutrients, and air to function. She asks students which parts of the tree are responsible for obtaining each of these resources and sets up the problem that no single part of the tree has access to all these resources in one place. Ms. K then asks students to draw and name some the tree’s sub-systems that might enable a tree this large to obtain energy and matter and move them around so that each part has everything it needs. They write about their observations of the subsystems and briefly explain how these systems interact.

Building on the base of students’ knowledge, Ms. K leads a brief class discussion about the importance of each sub-system to the overall health and function of the tree as a complete system. As a follow-up, she asks students if they think that all organisms, including humans, have systems and sub-systems that affect their normal functioning.

Day 2 – Going on an Interactive Body Tour

The following day, Ms. K helps her students transition to the concept, “the body is a system of multiple interacting sub-systems” by asking them first to think of the human body as a complete organism and then prompting them to name the organ systems in the body. As they speak, she writes these down on the whiteboard, while prompting them to discuss the function of each organ. She then introduces the concept of tissues, drawing a Venn diagram on the board to emphasize similarities and differences between these scientific terms. After providing an example of muscle tissue, she asks students to name as many more tissues as they can think of. Ms. K explains that in these lessons they will make observations about the interactive relationship between sub-systems and the body as a system.

Ms. K arranges her class into small groups of 2-4 students and directs them to an online Interactive Body Tour (such as that at http://donatelifecalifornia.org/bodytour) and one other digital source they select. She assigns each group to obtain information about one organ and one tissue. She reminds them that as they gather relevant information from the online digital source, they should evaluate the credibility of each source; and take brief notes about the structure and function by quoting or paraphrasing the data and conclusions they are reading. She also asks students to keep track of at least three questions their team has. She emphasizes that these questions can be things that they are curious about after exploring the resources. (Other teachers take a slightly different approach: Mr. S., who does not have time for his students to research in class, assigns this research as homework. Mrs. C., whose students do not have access to computers, reviews the Interactive Body Tour in a whole group setting and gives her students additional printed materials.)

Day 3 – Exploring the Impact of a Sub-System Break Down

Following the students' group research assignments, Ms. K has each small group communicate their findings for the class. One student from each group writes down the key points on the class whiteboard. Ms. K guides students to focus their comments on the topic of how the structure of the organ or tissue lends itself to its function. She also writes down the questions they had during their group research, and sets them aside for later in the lesson.

Following the presentations, Ms. K extends and guides the discussion by asking the students to think of organs and tissues as sub-systems, and asks students how sub-systems work together in the body to complete a task or regulate body functions, and how the sub-systems communicate with each other. She specifically covers some of the systems with which the students are most familiar: the circulatory, excretory, digestive, respiratory, muscular, and nervous systems. Finally, Ms. K asks her students to think of what might happen to the body if one of the sub-systems is compromised. Asking, for example, “If our lungs don’t work, how would it affect the functioning of our circulatory system?” “What other systems and sub-systems in the human body might be affected?”  Ms. K follows with several more specific examples such as, “If the pancreas doesn’t work due to diabetes, how might it affect the digestive system?” “If a ligament is injured, how might it affect other parts of the muscular system?” 

Ms. K asks students to consider that in many cases, the body can heal itself, as is the case with the flu or a broken bone. In other cases, medical technology or another strategy may be helpful to a person who is deaf or has diabetes. She asks them, “In a case where a particular sub-system of the human body is critical to the overall well-being and functionality of the complete system, how might it affect the body as a complete system?” 

To help her student understand that human health and survival depends on the many different components of the body, body systems, and the interactions among them, Ms. K. reminds students that humans have two kidneys and although it is possible to live a healthy life with one, if both kidneys fail and cannot clean the blood of toxins and excess fluids, the toxins will build up in the blood and the person will not survive. In the case of kidney failure, an individual can have their blood artificially cleansed by a dialysis machine that does the work of the kidneys. In some cases, a person can get a “new” kidney, or a kidney transplant, from a living donor or from someone who died recently, for example in an automobile accident. Ms. K explains the concept of organ transplant and explains that one person can donate their tissue—corneas, skin, bones, ligaments and tendons—and up to eight organs—kidneys, lungs, heart, liver, and intestine—upon their death. She asks the students if they know anybody who has received a transplant, is waiting for a transplant, or was an organ donor. Ms. K asks if any of the students are comfortable sharing their example and suggests that they discuss this important topic with their parents.

Day 4-5 – Synthesizing and Applying Lessons Learned

Ms. K asks the small groups to refer back to the information they collected about organs and tissues. First, she reviews the class questions from earlier in the lesson, addressing any that were not yet answered. Then she has the small groups choose one of the organs or tissues that interest them and discuss the question, “If the organ or tissue you chose partially or completely failed, which other sub-system(s) would it affect, and how might it affect the functioning of the human body as a whole?” She instructs students to gather evidence from additional research utilizing print and online sources if necessary, and present their results to the class, citing specific evidence for their conclusions based on their analysis of science and technical texts they found online or in the library. As an individual assessment, Ms. K requires each student to write a paper arguing that the body is a system of multiple interacting sub-systems (MS-LS1-3). The argument should focus on one organ or tissue sub-system, explain its structure and function, and address how a compromised sub-system affects the human body system. The students’ writing should draw on several sources and present their argument, including evidence that supports role of the sub-system’s function in survival, growth and/or behavior. Ms. K tells them that they must draw evidence from informational texts to support analysis, reflection, and research; include logical reasoning, accurate data and evidence; and be presented in a formal writing style. Final manuscripts must also include responses to three questions, citing specific examples: “How might human activity negatively or positively affect the sub-system?” “When a sub-system is compromised, what are some alternatives to support survival, growth and/or behavior in the body system?” and “What are some examples of the impact of disease in our society?” Students may quote or paraphrase the data and conclusions from their research, while avoiding plagiarism and providing basic bibliographic information for sources. This activity should help students develop their understanding that the systems of the human body interact to perform all of the functions required for healthy lives, and failure of one or more of these human body systems may lead to illness or death.

	Performance Expectations

	MS-LS1-3. From Molecules to Organisms: Structures and Processes

Use argument supported by evidence for how the body is a system of interacting sub-systems composed of groups of cells.

	Science and engineering practices
	Disciplinary core ideas
	Cross cutting concepts

	Engaging in Argument from Evidence
Use an oral and written argument supported by empirical evidence and scientific reasoning to support or refute an explanation or a model for a phenomenon or a solution to a problem.
Obtaining, Evaluating, and Communicating Information

Gather, read, and synthesize information from multiple appropriate sources and assess the credibility, accuracy, and possible bias of each publication and method used, and describe how they are supported or not supported by evidence.
	LS1.A: From Molecules to Organisms: Structures and Processes
In multicellular organisms the body is a system of multiple interacting sub-systems. These sub-systems are groups of cells that work together to form tissues and organs that are specialize for particular body functions.
	Systems and System Models

Systems may interact with other systems; they may have sub-systems and be a part of larger complex systems.

Structure and Function

Complex and microscopic structures and systems can be visualized, modeled, and used to describe how their function depends on the relationships among its parts; therefore, complex natural and designs structures/systems can be to determine how they function.


Vignette Debrief

The CA NGSS require that students engage in science and engineering practices to develop deeper understanding of the disciplinary core ideas and crosscutting concepts. The lessons give students multiple opportunities to engage with the core ideas in life sciences related to an organism as a system of interacting sub-systems, helping them to move towards mastery of the three components described in the CA NGSS performance expectation.

In this vignette, the teacher selected one performance expectation and in the lessons described above she engaged students only in selected portions of this PE. Full mastery of the PEs will be achieved throughout subsequent units.

Students were engaged in a number of science practices with a focus on obtaining, evaluating and communicating information and engaging in argument from evidence. Life sciences lend themselves well to developing students’ abilities to gather information from a variety of sources, consider the validity and importance of data, and communicate what they have learned to others; as well as developing students’ abilities to make oral and written arguments supported by empirical evidence and sound scientific reasoning 
With guidance from their teacher, students developed and used a model that described phenomena, in this case a system of interacting sub-systems. They used a giant sequoia as a model of interacting systems and applied it to the human body as evidence of the structure and function of an organisms system and sub-systems. Students performed additional research and connected what they learned from the giant sequoia model to the structure and function of the organ and tissue sub-systems in the human body. Through further discussions and research, students applied this knowledge to explain, through in-class presentations, that the systems of the human body interact to perform all of the functions required for healthy lives, and failure of one or more sub-system may lead to the organism’s end.

CCSS Connections to English Language Arts
Students used the Interactive Body Guide from Donate Life California and one other resource to research the different structures and functions of the human body. This connects to the CA CCSS for ELA/Literacy Reading Informational Text standards (RI.7). In addition, they participated in a range of collaborative discussions (SL.1) and presented their claims and findings about the human body’s sub-systems in front of the classroom (SL.4).

RST.6-8.1 Cite specific textual evidence to support analysis of science and technical texts.  

WHST.6-8.1 Write arguments focused on discipline content.
WHST.6-8.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions that allow for multiple avenues of exploration.
WHST.6-8.8 Gather relevant information from multiple print and digital sources; assess the credibility of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and providing basic bibliographic information for sources. 

WHST.6-8.9 Draw evidence from informational texts to support analysis, reflection, and research.

Connections to CA ELD Standards

Resources for the Vignette
· Donate Life California. 2015. Interactive Body Tour. http://www.donatelifecalifornia.org/bodytour (accessed August 5, 2015).
	7th Grade Snapshot: Asexual and Sexual Reproduction

	Ms. Z wanted to use an engaging activity to help students to transition from their analyses of the causal connections between genes and traits into models comparing asexual and sexual reproduction (MS-LS3-2). Basing the activity on an interactive lesson from the University of Utah Learn.Genetics website,
 Ms. Z provided background information about reproduction in sunflowers, earthworms, strawberries, and whiptail lizards. Students discussed in teams how to describe the reproductive process in each organism (asexual, sexual, or both) and the evidence for their categorizations. Whole class sharing resulted in common answers and evidence. Small student teams then had time to explore the website (possibilities would be in computer lab, in class with tablets, at home, in a library) in order to select two organisms that have different processes of sexual reproduction.
The following day, student teams made system models of the reproduction processes for each of their two selected organisms. Each of the system models had to explain why the progeny would have identical or different genetic information from each other. Students posted one of their system models on the wall, and then individually walked around the room, and analyzed each posted model. They pasted sticky notes next to the models with any questions or disagreements they had with respect to the conclusions and/or evidence. After the presenters had time to look at the sticky notes, the whole class paid attention as each presenting team appropriately responded to the comments.


	Connections to the CA NGSS:

Science and engineering practices
Disciplinary core ideas
Cross cutting concepts
Developing and Using a Model; Constructing Explanations; Engaging in Argument from Evidence 

LS1.B: Growth and Development of Organisms;

LS3.B: Variation of Traits
Patterns; Cause and effect 


	Connections to the CA CCSSM: <CDE, PLEASE INSERT>


	Connections to CA CCSS for ELA/Literacy: <CDE, PLEASE INSERT>


	Connection to CA ELD Standards : <CDE, PLEASE INSERT>


	Connections to the CA EP & Cs: 




	7th Grade Snapshot: Graphing fish populations 

	     Mr. M. motivates an activity where students will analyze population data (MS-LS2-1) by showing a video clip of a news story about how large numbers of sea lion pups have been showing up on the beach abandoned by their parents and malnourished in southern California. While this is known to happen, the newscast emphasized that this year had a lot more than usual. After the news story, Mr. M. asks students to suggest possible causes for this problem. Students had recently created a food web that included sea lions and they knew that the pups depended on sardine and anchovy as their primary food source. Freddy suggests that something caused these populations to drop. 

Mr. M. provides students with a data table showing the number of sardines and anchovies caught every month over a ten-year period. He explains that the number of fish caught is a good way to estimate the total population size because nets will catch more fish when there are more fish in the ocean. He says that the nets are somewhat analogous to a random sample of the ocean’s fish population density (CA CCSSM 7.SP.1). 

     He assigns different groups of students to plot different subsets of the data. One set of groups plots the total of fish per year while another set plots the total fish per month over a three year span. A third set calculates the total catch for two different five-year periods and creates a graph comparing them. By analyzing their own graphs, the groups plotting anchovies by year notice a general downward trend while the groups plotting sardines notice several years where the catch was incredibly high, with most other years having almost no fish at all. The groups plotting catch by month see that anchovies appear each year in early summer while sardines are usually caught in the early autumn. The groups plotting the total over five year periods find big differences between them; the first five years are dominated by anchovies while the latter 5 year period is dominated by sardines.

     Mr. M. asks the students to provide evidence in favor or against the argument that “sardine and anchovy population stay the same over time.” All groups strongly disagree with the statement and cite their own graphs as evidence. Mr. M. then has students do a gallery walk and analyze the different graphs created by each team. He then asks students to provide evidence in favor or against the argument that “each graph of anchovy data shows the same thing.” Students then discuss how each graph reveals a slightly different pattern, and the conclusions they draw from these patterns differ. 

     Mr. M. then provides another graph showing cycles of ocean temperature along the California coast during the same time interval and they read an informational article about El Niño. Students recognize that the timing of pattern of surface temperatures caused by El Niño corresponds to patterns in the fish populations, which is evidence that it may be the cause of the changes over time. He asks students to speculate about what will happen to the different fish and sea lion populations if El Niño effects intensify due to global climate change. Students will work over the next few days to create an infographic communicating the complex chain of events that has been causing the sea lion population to change.

Based on California Academy of Sciences 2015 



	Connections to the CA NGSS:

Science and engineering practices
Disciplinary core ideas
Cross cutting concepts
Analyzing and interpreting data; Communicating information
LS2.A (analyzing data about populations in an ecosystem is part of MS-LS2-1)
Patterns; Cause and effect (the patterns in population changes give clues about the cause)


	Connections to the CA CCSSM: Review of 6.SP.4, 7.SP.1, <CDE, PLEASE AUGMENT>


	Connections to CA CCSS for ELA/Literacy: <CDE, PLEASE INSERT>


	Connection to CA ELD Standards : <CDE, PLEASE INSERT>


	Connections to the CA EP & Cs: EP & C Principles I & III



Middle School Vignette

Analyzing the past, present, and future of marine mammal evolution

Introduction

The vignette below begins with a look at natural cycles and changes and ends with the dramatic impact humans can have. The vignette is designed to be a culmination of the entire course, so it draws on a wide range of PE’s. In some cases, PE’s are listed in parentheses even when the scientific practice in the vignette differs slightly from the practice specified in the PE. In such cases, the activity described will support successful completion of the PE even if it is not a direct exemplification of it.

In this series of activities, students will explore the amazing story of marine mammal evolution. While there are a number of different categories of marine mammals, this study focuses on three: cetaceans (whales and dolphins), sireneans (manatees and dugongs), and pinnipeds (seals and sea lions). For simplicity, this activity refers to each by their common names. Despite their many similarities, these organisms evolved independently from different land mammals all around the same times and in response to the same environmental conditions. Alongside the expansion of marine mammals was the explosion of large sharks that preyed upon the new proliferation of large sea life. 

Lesson Hook

Ms. L assigns students to a group for a jigsaw format activity about each of the types of marine mammals so that they can be familiar with what they eat and the environments in which they live. Each person is assigned to a group that becomes an expert on one of these groups of animals. They reorganize into new groups with one expert from each group and play a game called ‘Name that Marine Organism” in which they are given a list of behaviors and characteristics and must match them to the correct animal. Once familiar with all the animals, Ms. L gives each student a notecard and asks them to write one question about these creatures. She warns them that they may not be able to answer all of the questions, but she is excited to see what they want to know. She then shares some of the questions she has about the evolutionary history of marine mammals, such as: How are these populations related? Do they share a common marine ancestor, or did they evolve as marine mammals separately? What led them to become ocean dwelling? How long did the transition take?

Day 1 – Measuring biodiversity

Ms. L gives each pair of students receives a stack of fossil cards. Each stack represents all the fossils found in a certain layer of rock at a certain location, but the students are not told which layer or which location just yet. To make the problem more manageable for her middle school students, Ms. L found pictures that show the entire skeleton of a fossil marine creature rather than incomplete bone fragments like researchers would actually find. For the sharks, the cards only show the teeth because it is much more common to find teeth than any other fossilized part. This is because shark bones are made of cartilage and softer than most other vertebrates, but also because a shark’s mouth is set up so that it has several layers of teeth and each layer falls out every few weeks. This adaptation prevents its teeth from ever getting too dull to pierce the bodies of its prey, but it also means that a shark will lose thousands or even tens of thousands of teeth over its lifetime. 

Fossils from a given layer allow scientists to figure out who lived together in an ecosystem. Ms. L asks the students to sort the cards from their pile into different species, determining the number of species present and the relative proportion of each. She has not provided the students any species names or shown them pictures of what the different species look like; they are simply identifying skeletons that look similar and grouping them into the same species. Students submit their findings into an online collaborative spreadsheet that automatically generates a graph comparing the data from all the groups. Ms. L points to the graph displayed on her computer projector and emphasizes that some groups have very similar findings to one another and some groups have very different results. She then asks students to interpret these patterns in the data and to identify which groups they think were collected from nearby locations and/or adjacent layers. A real paleontologist keeps meticulous track of this information and always interprets fossils in the context of where and when they lived, but Ms. L has hidden this information to give her students practice at data analysis. She leads a class discussion addressing a series of questions: What might cause one site to have a different distribution of animals than another if they came from the same layer representing the same time in Earth’s history? What would cause the distribution of animals to change over time from layer to layer if you stay at the same site? 

Day 2: Predator-prey relationships 

Ms. L reminds students that the fossils in each pile of cards lived in the same place at the same time, so they must have interacted. In an ecosystem, one form of interaction is that organisms eat one another (MS-LS2-3). For homework, students obtained information from an interactive tutorial about how to interpret fossils to infer the eating habits of an organism. They use the shape of the teeth and mouth, the relative size of the different animals, and other adaptations apparent in their body structure (such as inferring the relative speed that each would run or swim). In the classroom, groups then apply this knowledge to construct a model of energy flow in the form of a food web that includes the different species at their site (MS-LS2-2). Who ate whom? Who was predator and who was prey?

Days 3-4 – Establishing a picture of past environments

Students continue the investigation of their fossil site and Ms. L motivates the next few lessons with the question, “What were the environmental conditions like at this site at the time that this particular layer formed?” She gives a short lecture about modern tools that scientists use to help answer this question very specifically. As the enamel on the teeth of marine mammals grow, it incorporates chemical information about the water in which the organism lived. In particular, scientists can infer the temperature and salinity of the water from the chemical signatures in the enamel. A paleontologist might collaborate with an isotope geochemist to make measurements of these chemical signatures. Ms. L hands each group a sheet with chemical signatures for several of their fossils. Students analyze the data, looking for similarities and outliers. Do all the species have similar measurements? (Some species migrate over long distances and live in different environments during their lifetime.) How much difference is there between individuals within each species? Students calculate the average conditions of all the fossils and report their result in an online spreadsheet. They communicate their interpretation of the data by drawing a picture illustrating what the environment probably looked like at the time these animals lived (MS-LS2-4). How deep was the water? What types of plants would they expect to find there? What other types of animals might there be that were not fossilized? 

Day 5: Evidence of evolution

How have organisms changed over time? The next day, Ms. L gives each group a different stack of fossil cards that have of an evolutionary progression of different species, but she has shuffled them into a random order. Students use detailed observations of the animal anatomy to place the organisms in the order in which they evolved, noting how the different species change over time (MS-LS4-1). Students then identify features that remain constant throughout the entire evolutionary sequence (MS-LS4-2). Ms. L then gives them a new fossil and has them construct an argument that supports or refutes the idea that this new fossil belongs in the evolutionary sequence in their cards. What is most amazing about this example is that all three different marine mammal categories, whales, dolphins, and manatees have similar adaptations to their marine environment. Ms. L then has the students to compare the oldest fossil in each sequence and asks them, “Did all of these organisms originate from a common marine ancestor?” The answer is no. They all independently adapted to marine environments, a fantastic example of convergent evolution. Ms. L assigns them homework to read more about other examples of convergent evolution.

Day 6: Adaptations and evolution

Ms. L reminds the students that different organisms are adapted to live in different environments, and that many of these adaptations are at the individual cell level. Ms. L explains one cellular adaptation of marine mammals like the ones they have been studying. Cells depend on diffusion caused by concentration differences between inside and outside of the cell to exchange many atoms across their cell membranes (MS-LS1-2). The body system includes organs such as the kidney whose role is to maintain the optimum concentration of salt and other materials within the system to ensure that every cell in their body is surrounded by a fluid with an optimal concentration (MS-LS1-3). Kidneys have specific structures that help them accomplish this function, including a loop of a tissue called ‘Henle’ that helps concentrate sodium and other ions in the urine and retain fresh water in the body. Animals living in saltwater require more efficient kidney systems, and there is evidence that one way they accomplish this is with longer Henle loops than their freshwater counterparts. Like all body parts, there are slight variations from individual to individual in the length of this tube. Ms. L gives students data about the length of Henle tubes in a set of organisms and asks them to apply their model of sexual reproduction to play ‘matchmaker.’ They need to select the two individuals that are most likely to produce offspring that will survive if the ocean becomes slightly more salty (MS-LS3-2). For homework, she assigns students to write a paragraph explaining how sexual reproduction enabled freshwater ancestors of whales to evolve so that modern whales can now live in saltwater (MS-LS4-4). Their explanation should also consider the role that mutations may have played in speeding up and/or slowing down this process (MS-LS3-1). She also invites her students to consider the fact that all three of the marine mammal types they have been studying (whales, manatees, and seals) must have independently evolved more efficient kidneys to deal with the salt water. 

Days 7-8: Connecting changes in environment to evolutionary changes

Ms. L is very excited because the students are finally ready to put together all these pieces of information to create an evolutionary story showing the interaction of all these marine organisms. She demonstrates how students will construct a timeline to communicate when whales, manatees, seals, and sharks evolved and when they transitioned from fresh water (for the marine mammals). She instructs them to depict the relative abundance of each type of organism during different time periods (From Day 1) and how the temperature of the environment changed over time (from Days 3-4). They will need to draw on the data from the whole class spreadsheets collected by their own group and the other groups in the class. Ms. L emphasizes that science is a human endeavor that depends on collaboration. Students identify many times when changes in climate seem to cause changes in the diversity of all four types of animals. There are also inter-relations between the different animal types that relate to their predator-prey relationships. Students’ timelines reveal several key features: 1) Manatees and whales left land around the same time during a period when the temperature were warming; 2) Shortly after the marine mammals evolved, sharks populations expanded; 3) Whales and manatees both had large expansions in their diversity around the same time as seals first evolved; 3) The diversity of sharks drops dramatically as climate cools. Students analyze the data depicted on the timeline and identify some of these patterns of existence, diversity, and extinction (MS-LS4-1; EP&C III). Ms. L then asks students to choose one of these events and construct an argument that the change in the environment would have caused the growth of individual organisms (MS-LS1-5) and caused changes in the populations of each species that existed at the time (MS-LS2-4).

Day 9: Human impacts

Ms. L tells students that today they will fast-forward to historical times to examine the fate of one specific species of manatee. Students review videos and internet resources to obtain information about the Steller’s sea cow, finding that it was first discovered in the Bering sea 1741 and is the largest manatee species known (growing up to 9 meters – nearly three times the size of Florida’s well known manatees). It is also one of the few manatees that can withstand cold water. When explorers first encountered it, it was abundant but only found in a few isolated pockets around uninhabited islands off the far west tip of the Aleutian Islands close to Russia. Within 27 years after it was first discovered by Europeans, it was hunted to extinction. It is the last branch on part of the genetic tree that diverged from the rest of the manatee and dugong family more than 20 million years ago. As recently as 20,000 years ago, it extended along the rim of the North Pacific as far south as Japan and Monterey Bay, California. Scientists speculate that the rapid advance of human hunting in the last 10,000 years may have contributed to their demise (an impact of a technology on the natural world that parallels the debate about the cause of the extinction of the wooly mammoth). The fact that Steller’s sea cows were so abundant around the one island with no known population of humans certainly supports that theory. Students collect evidence and engage in a debate about whether early humans, European explorers, or natural climate change were most responsible for their extinction (MS-LS2-4; EP&C II). 

Day 10: Human solutions

Ms. L tells students that in a few years they will be in high school. In their high school science courses, they will explore the effect of modern-day climate change on ecosystems, which might explore the future outlook for marine mammals in light of changing global temperatures and ocean circulation patterns. Ms. L tells the students that they will finish this unit with an investigation into solutions for maintaining biodiversity in marine mammal populations (MS-LS2-5). She asks her students to decide between activities comparing competing design solutions for preserving habitat for seals and sea lions in coastal California or plans for managing overfishing in the waters of the Gulf of California where humpback whales birth their calves. They choose the problem related to humpback whales. She presents different teams with handouts summarizing the problem and different alternatives and asks them to create a presentation communicating the key elements of the plan. The students will continue this activity next week.

	Performance Expectations

	MS-LS1-2, MS-LS1-3, MS-LS1-5, MS-LS2-2, MS-LS2-3, MS-LS2-4, MS-LS2-5, MS-LS3-1, MS-LS3-2, MS-LS4-1, MS-LS4-2, MS-LS4-4

	Connections to the CA CCSSM: <CDE ADD>

	Connections to CA CCSS for ELA/Literacy: <CDE ADD>

	Connection to CA ELD Standards: <CDE ADD>

	Connections to the CA EP & Cs: 

Principle II. People influence natural systems
Principle III. Natural systems proceed through cycles that humans depend upon, benefit from and can alter.




Vignette Debrief

As the culmination of the entire course, this vignette tries to establish the links between a large number of course ideas through a series of investigations about marine mammals. The vignette itself is too brief to illustrate all of these connections, so the description of each day may sound disconnected in the written narrative above. The implementation of the lesson should try to emphasize these connections. For example, evolution in kidney structure was in response to direct environmental pressures revealed in the temperature data on days 3-4. These adaptations allowed organisms to shift from freshwater environments to food-rich saltwater environments, a process recorded in the salinity data on days 3-4. The loss of megatooth sharks as the climate warmed may parallel some of the pressures felt by the Steller’s sea cow described on Day 9. If teachers feel that some of these connections are too complicated, they could extract smaller lessons from this activity sequence.

The basic premise of the lesson is to reproduce a number of scientific practices starting with data analysis and interpretation and moving towards explanations, arguments, and communications products. Note that this vignette has very little data collection, illustrating the shift in the CA NGSS from simply receiving information or doing hands-on activities to an emphasis on making sense of data and communicating it. 

Resources for the Vignette
About the evolutionary relationship between sharks and marine mammals: http://www.scirp.org/journal/PaperInformation.aspx?paperID=39487#.VaLFkBNVhBc
Newsome, S., M. Clementz, and P. Koch. 2010. “Using Stable Isotope Biogeochemistry to Study Marine Mammal Ecology.” Marine Mammal Science 26 (3): 509–572. http://onlinelibrary.wiley.com/doi/10.1111/j.1748-7692.2009.00354.x/full 

About kidney functions in marine mammals: Kenney, R. 2001. “How Can Sea Mammals Drink Saltwater?” Scientific American. http://www.scientificamerican.com/article/how-can-sea-mammals-drink/ (accessed August 5, 2015).

About the Steller’s sea cow and its extinction: 

Whitmore, Jr., F.C., and L.M. Gard, Jr. 1977. “Steller's Sea Cow (Hydrodamalis gigas} of Late Pleistocene Age from Amchitka, Aleutian Islands, Alaska.” Geological Survey Professional Paper 1036. Washington, DC: United States Government Printing Office. http://pubs.usgs.gov/pp/1036/report.pdf (accessed August 5, 2015). 

Turvey, S.T., and C.L. Risley. 2006. “Modelling the Extinction of Steller's Sea Cow.” Biology Letters 2 (1): 94–97. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1617197/ (accessed August 5, 2015) .
Middle School Vignette

Developing and Using Models to Understand Properties of Gases

(Adapted from NGSS Lead States 2013a – Case Study 1)

The vignette presents an example of how teaching and learning may look in the classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunity to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit. In particular, this vignette illustrates one approach to instruction that blends MS-PS1-4 with MS-ETS1-1, MS-ETS1-2, and MS-ETS1-3.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses.  

Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year. 

Introduction

The students in Ms. S.’s eighth grade classroom are investigating structure and properties of matter. They are challenged to be precise with their scientific language and revise their conceptual models as new evidence is produced through the classroom’s investigations or presented by the teacher. The students gain experience with some of the practices and core ideas of the NGSS over 14 school days of science instruction the students in Ms. S.’s class built on their prior knowledge of the particle nature of matter to further explore the behavior of atoms and molecules. The learning outcomes of the unit included the concept that matter, specifically a gas, is composed of particles called molecules that move faster or slower, depending on the temperature of the gas. In addition, the students extended their learning to incorporate a relationship between the relative speed of the particles in a system and the pressure exerted on the sides of the container.

The teacher promoted student learning through real life examples and student-constructed models. She enabled the students to develop their own conceptual models, use the models in predicting relationships between the model components, and evaluate the models for their explanatory power (developing and using models). As the students gained understanding of the core ideas through use of the additional NGSS practices of planning and carrying out investigations and obtaining, evaluating, and communicating information, they addressed the limitations presented in the different models and worked together to revise the models as new evidence came to light.

Day 1 - Developing an initial conceptual model. 

Ms. S. started a unit on matter and its interactions that involved analysis of the forces between atoms and molecules, but first wanted to find out if her students had an understanding of the molecular nature of matter. She used a whole class discussion to bring out students’ prior knowledge. They reviewed phase change and molecular movement in relation to temperature. Based on this informal assessment, she learned that some of the class remembered previous experiences with phase changes that occur with water.

The teacher began by asking the class to describe what they already knew about how gases behave. This allows her to build new learning on their prior knowledge and choose questioning and investigations more appropriate for her students. “We looked at air, carbon dioxide, and water vapor. What do you know about the molecules of a gas? How do they move? What affects their movement? What is a gas?” As students volunteered, she wrote down several students’ responses on a chart paper, for example, “Gases expand when heated.” “As a liquid evaporates, it becomes a gas and the molecules move rapidly.” “There is a difference in density.” “Gas is a phase.” 

“Molecules are small for gas and large for solid,” Canyon offered. Ms. S. asked Canyon if he had any examples of his idea and he said, “No examples.” She stated, “That’s a question,” and wrote Canyon’s words on the question side of the chart paper. She added, “Does anyone want to comment on Canyon’s remark?” Lorenzo contributed that he thought molecules stay the same size and that as molecules heat up, they move faster. After listing many student responses, Ms. S. asked the driving question, “How do gases and their behavior affect matter?”

The students then evaluate information about a real world scenario, using photographs and video. In the video, a railroad tank car (tanker) was washed out with steam and then all the outlet valves were closed. The video revealed the tanker dramatically imploding the next day. After watching the video twice, the students began to speculate why the tanker crushed. They thought that the car froze, exploded, or compressed, and the steam caused the tanker to collapse inward. An understanding of the cause and effect concept helped students make sense of this phenomenon. 

Rick called out, “Okay, that’s crazy!” Ms. S. asked the class to write in their journals their descriptions of why the tanker was crushed. “Do you want to guess?” she asked. “I have no idea,” one student replied. The teacher encouraged the class by asking them to continue to think and work in their regular discussion groups. Each group’s task was to decide on one model to explain why the tanker imploded, making sure the drawings included molecules and arrows indicating the direction of the overall forces they apply to the tanker. Ms. S. circulated among the students and asked guiding questions, such as, “What happens when water vapor turns into liquid?” She directed students to include their ideas in the models they were creating. The students were drawing and discussing their models in their groups. “Steam inside is moving fast.” “Maybe it was cold.” “Didn’t explode; it imploded,” clarified a student. “Big, but sealed. Nothing in it but air and steam in there,” said another. 

Lorenzo decided that there was a tornado inside. Ms. S. directed the group to review what happens when steam turns into a liquid. She reminded students of a previous balloon experiment where they had identified a pressure difference and asked, “What would cause pressure or a pressure difference?” She also encouraged students to incorporate the observation that heating a substance adds more pressure. Circulating among the four groups, she asked students about their drawings, “Why did the tanker crush the next day? How do temperature changes affect molecules? Is there pressure against the walls? Why?” Cristiano answered, “Pressure in air is more than inside,” and his partner Jasmine offered, “The steam inside turned to liquid.” Ms. S. redirected their conversation with a new question, “Why would it implode?” Jasmine answered immediately, “Heat expands molecules!” “The molecules are getting smaller,” contradicted Cristiano. After thinking a moment, he said, “They don’t do that, do they?” 
Ms. S. asked the group about the air pressure arrows at the top of the tanker, “Why only at the top of the tanker?” Cristiano ventured, “There’s more air on top, not at the bottom.” Al added, “Molecules combine to take up less space.” Ms. S. emphasized, “When molecules combine, they make new substances.” Jasmine reminded the group that temperature has to do something. Ms. S. moved over to another group that had just broken into laughter and asked what was so funny. Rick related, “I see smashed cans all the time. I think an airfoot stomped the tanker down. And the molecules transformed into a molecule foot.” Ms. S. asked, “What is this imaginary foot?” Latasia answered, “Air.” Ms. S. guided the students, “Let’s add that idea to the model.” 
As the discussions continued, several students began making connections between the steam turning to liquid overnight and the resulting changes in collisions of molecules with the walls inside and outside of the tanker. Through further questioning and reminders of previous learning that contradicted students’ claims, Ms. S. pressed the students to prioritize evidence while, at the same time, allowing them to generate their own incomplete conceptual model. Ms. S. was well aware that she needed to allow her students to construct an understanding of phenomena by putting their ideas together. She also knew that through guided experiences and meaningful dialogue students would adapt their model and demonstrate authentic learning.

Day 2 - Gathering new evidence to evaluate and revise conceptual models. 

The following day Ms. S. encouraged students to reflect on how their ideas had evolved from the beginning of the unit. She wondered whether changes in students’ ideas would be apparent in their developing models: air molecules slow down; water changes phase to liquid; pressure arrows show the collisions of molecules against the edge of the tanker; and when the gas molecules turn to liquid, there is less pressure on the inside causing the tanker to crumple. Reviewing the driving question from the day before, “What would cause pressure or a pressure difference?” the class identified two key factors: temperature and pressure. The molecules that made up the steam were also hitting the inside of the tanker, balancing the air molecules hitting the tanker on the outside. Students are thus able to use their model of particles to explain a macroscopic phenomenon.

Ms. S. asked the class a new question, “What caused the pressure inside the tanker to change?” The students did not respond at first. Then Lorenzo concluded that outside air pressure pressed on the tanker to crush it. Ms. S. asked, “Why would it do that?” This question led Ms. S. to introduce the pop can investigation. She asked the class to make predictions, “What will happen to the pop can if water is heated inside, and the pop can is rapidly cooled?” Students called out their predictions, “It’s going to do what the tanker did.” “Crush!” “Implode.” Jasmine asked, “Are we going to seal the container?”, showing her understanding of the variables involved.

Working in their groups, the class prepared for a simulation of the crushed tanker using an aluminum soda can. The can was filled with a small amount of water, heated to boiling on a hot plate, and then submerged upside down in an ice bath using tongs. The can immediately crushed. The enthusiastic reactions from the students included: “OOOH” “It’s cool!” “Awesome, it sucked it in!” (Some comments were based on incomplete understanding.) The teacher asked the students to draw new models by showing the molecules of gas in the can and writing down their ideas in their science journals. 
The following day, Ms. S. provided students with a checklist to guide their review of the can implosion investigation from the day before. The checklist included: movement of molecules (speed), phase of matter, and causes of pressure inside and outside of the can. Ms. S asked the students to write answers in their science journals. Then they discussed their ideas in groups. As she met with each group, Ms. S. pressed students to verbalize core ideas about the behavior of molecules, and left the group with questions to consider. Finally, she directed the students to write about their ideas so far. Ms. S. provided a scaffold for writing complete ideas by giving the class this sentence: When  
, the can crushed more because 
_____.
As their understanding grew, students refined their models and planned further investigations to explore changes in the variables. Calling the class back together, Ms. S. summarized the variables suggested by the groups: amount of water in the can, temperature of the water bath, amount of time on the hot plate, size of the can, and amount of seal when the can is flipped into the bath. Ms. S. also reminded the students of the connection between the tanker implosion and their can implosion: the molecules of air hitting on the outside were not balanced with the molecules of steam hitting the inside.

Day 3 - Using literacy, discourse, and argumentation to develop a shared understanding. 

The following day the investigations continued, using students’ ideas. Ms. S. asked questions as to why more steam caused more pressure. The class regrouped to perform five experiments with each group taking one idea: amount of water, temperature of bath, time on hot plate, volume of can, and amount of seal. Each group identified three variables to test in order to help develop a more causal explanation. As the groups worked, the teacher questioned the students on their predictions and probed to provide evidence to support their explanations. Lorenzo offered, “Steam vapor cools down inside the can when the can is placed in the ice bath and turns into water.” “Water liquid molecules move slower than water gas molecules and the water liquid molecules take up less space because the gas condensed into water,” added Jaylynn. 

The group that turned the can upward in the ice water bath was surprised the can did not crush. Latasia thought there was too much space, so the can did not crush. Mia thought that with more air there was more space because of the ratio between the air and space. As shown in Mia’s response, Ms. S. had identified a gap in students’ understanding of pressure differences. She assigned a reading assignment on air pressure for homework to help students obtain information. 

Day 4 – Using revised models to explain phenomena 

When students returned the next day, they drew a model of air pressure on people in their science journals. Alicia described her picture of pressure on Earth and pointed out that higher up there was less pressure due to fewer molecules. The class reviewed the meaning of forces and how force arrows explained pressure in the model they were refining for the tanker question.

Student responses became more confident as the lessons continued. Students used a computer simulation of pressure vs. temperature and Ms. S asked them to predict what would happen; the class buzzed with conversation. Next, the students improved their models. Again, Ms. S gave her students incomplete sentences to finish and reflect on what happened with their soda can investigations. Ms. S. reminded students to provide evidence for their explanations, “What are the molecules doing? Let’s say the molecules are at a popular hip-hop concert trying to see the band. What would the molecules be doing?” Jaylynn conjectured that the quantity of molecules influenced the pressure in the can, “The kids would be pushing each other to get a better view of the band. Therefore, in the can more molecules would mean less space in the can. Alicia offered, “And molecules hitting the can from the outside would not be able to push the can in.” Canyon added,

“When the steam cooled in the can, it meant less steam and less pressure. Because fewer molecules were hitting the inside of the can, the can collapsed.” The students’ responses showed they understood the concept that as the temperature decreases, the molecules move slower with fewer collisions. 

The students compared the results of the soda can investigations with the implosion of the tanker. As they constructed explanations, their understanding of gas behavior concepts was evident and their models were more complete. “The tanker imploded and the can got crushed because the number of air molecules hitting the outside far exceed the number of air molecules or water molecules hitting the inside.” “It is the number of molecules that hit the side that causes pressure.” The students concluded that under normal conditions, the tanker would not implode because the number of molecules hitting the outside would equal the number hitting the inside.

Following Days - Application of scientific knowledge to an engineering problem. 

At the end of the two- week unit, Ms. S. challenged the teams to apply their knowledge of thermal energy and pressure to design a tanker that would not implode after cleaning. The design constraints included the use of local materials, and a feature that would ensure even poorly trained technicians would not accidentally cause the tanker to implode. Ms. S. led a discussion about how to evaluate the competing design solutions, and the class agreed upon two criteria: cost effectiveness and no implosion. 

The students were given additional aluminum soda cans to allow them to test their ideas. After about 30 minutes of small-group brainstorming, designing, and building, each group had a model to test. Cristiano, Jasmine, and Al proposed keeping the tanker in a warm room after cleaning so that it would cool very gradually. To test their idea, they immersed it in warm water, not ice water. It imploded very slightly. Al suggested, “Let’s use hot water instead of warm. Then it would cool off very slowly.” The group agreed to try that.

Lorenzo’s group punched a small hole at the opposite end of the can and when they immersed the can in the ice bath (with the punched hole just above the waterline), the can did not collapse at all. Lorenzo and Latasia whooped for joy! Mia reacted, “Wait! What happens to the liquid inside if there’s a hole in the tanker?” “What do you mean?” asked Lorenzo. “Well, if the tanker has something like oil in it, the oil will evaporate out of the hole!” The others agreed, but liked their design anyway, and thought that the problem was not that important.

Canyon, Alicia, and Jaylynn whispered together for a long time before asking Ms. S. for materials. Jaylynn argued successfully to immerse a room temperature can (not heated) in ice water. When the group tried that, the can did not implode. Alicia was worried, “Do you think we’re cheating?” Ms. S. pointed out that it was a design worth considering and asked the group if they could think of any problems with this design. Canyon offered, “This design is great! But what if the tanker had a liquid inside that would not clean well with cold water?”

Rick’s group made a sign that they said they would paint on the tank, so it would never come off. The sign said: “After cleaning, open all doors.” They demonstrated how it would work by immersing the can right side up, so that cool air could flow into the tank.

Ms. S. concluded the class by pointing out that engineering problems often had many solutions, with some better than others. The next day, the groups presented their design solutions. Based on the two criteria that they had established earlier, the class discussed which of the solutions was best. 

	Performance Expectations

	MS-PS1-4 Structure and Properties of Matter
Develop a model that predicts and describes changes in atomic motion, temperature, and state of a pure substance when thermal energy is added or removed.
MS-ETS1-2 Engineering Design
Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.

	Science and engineering practices
	Disciplinary core ideas
	Cross cutting concepts

	Developing and Using Models 
Planning and Carrying Out Investigations 
Constructing Explanations
Engaging in Argument from Evidence
Obtaining, Evaluating, and Communicating Information 
	PS1.A Structure and Properties of Matter
Gases and liquids are made of molecules or inert atoms that are moving about relative to each other. The changes of state that occur with variations in temperature or pressure can be described and predicted using these models of matter.
ETS1.B Developing Possible Solutions

	Cause and Effect

Structure and Function

	Connections to the CA CCSSM: MP. 2, SP, S.IC <CDE PLEASE AUGMENT>

	Connections to CA CCSS for ELA/Literacy: RST.9-10.9, RST.11-12.9, SL.9-10.2, W.9-10.7, WHST.9-10.1

	Connection to CA ELD Standards: <CDE PLEASE INSERT> 

	Connections to the CA EP & Cs: N/A


Vignette Debrief

The CA NGSS vision of blending disciplinary core ideas, scientific and engineering practices, and crosscutting concepts is exemplified in this vignette. The learning progressions of the NGSS disciplinary core ideas allow teachers to assess whether students have the needed foundation for the new concepts. The teacher presented engineering practices when she introduced the tanker design engineering problem. Students were asked to apply the evidence from the soda can experiment to the real-world problem of preventing a tanker from crushing if maintained properly.

The vignette also highlights that learning science has important implications in the real world. In the vignette, the worker who cleaned the tanks had no conceptual understanding – or at least no accurate mental model – of what would happen if he/she closed all the valves after steam cleaning the tank. That was an expensive mistake for the company, and the worker might have lost his/her job over it. This is a lesson about the importance of science in using and maintaining equipment and illustrates the interdependence of science, technology, and engineering.

The students in the vignette engaged in many science and engineering practices, thereby building a comprehensive understanding of what it means to do science. The scientific practice of developing and using models is highlighted throughout the vignette. In the course of study, the students constructed two conceptual models: the first for the tanker’s implosion and the second for the implosion or lack of implosion of the soda can. The second model was more sophisticated and built on the first model, as new evidence was presented. A third model was based on the concepts from the other two and illustrated a design solution. Throughout the unit, the students were challenged to modify and revise their models as they gained an understanding of the disciplinary core ideas of the pressure and temperature variables. In addition, the students were engaged in the scientific practices of planning and carrying out investigations and engaging in argument from evidence. In small group and whole group discussions, the students constructed scientific explanations for the tanker implosion, revised their explanations as they synthesized the tanker information, used their understanding of core ideas to construct a design solution, and supported or refuted claims. Students completed assignments by obtaining, evaluation, and communication information about pressure differences and design explanations.

The NGSS crosscutting concept of cause and effect was highlighted in the vignette as students described the effect of the forces applied on the tanker and soda can, and made comparisons. The students’ observations guided them to provide evidence for the causality of the tanker and soda can collapse. They made predictions about scientific phenomena based on their developing understandings of effects of molecular movement and causes for phase changes. Later the NGSS crosscutting concept of structure and function applied to the purpose of engineering a solution to prevent the implosion of a tanker

CCSS Connections to English Language Arts and Mathematics
The NGSS supports an interdisciplinary approach to science learning in order to provide experiences across disciplines. It is for this reason that each science standard explains its connections to the CCSS for ELA and mathematics. The students in the vignette grappled with core ideas in physical science while meeting the CCSS for ELA by discussing, writing and revising explanations and evaluating the scientific arguments presented by others.

RST.9-10.9 Compare and contrast findings presented in a text to those from other sources (including their own experiments), noting when the findings support or contradict previous explanations or accounts.
Students had reading assignments throughout the unit: pressure and how pressure differentials are established.

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understanding of a process, phenomenon, or concept, resolving conflicting information when possible.
Students synthesized information from the video of the tanker, their experiments, and the gas pressure vs. temperature simulation.

SL.9-10.2 Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.
Students analyzed the simulation and compared the results of the simulation questions to their models.

W.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.
Investigations of the soda can questions were short research projects.

WHST.9-10.1 Write arguments focused on discipline-specific content.
With the help of the teacher, the students wrote arguments about their models and their learning.

The unit also addressed grade appropriate CCSS for mathematics throughout the exploration with core ideas in physical science. In the vignette the students strove to successfully combine math and science practices to present valid explanations.

Math Practice 2 Reason abstractly and quantitatively.
In the vignette, student models reflected abstract reasoning, using a symbol system including comparisons of relative pressure.

SP Investigate patterns of association in bivariate data.
Students drew the conclusion that as one variable (temperature) increased, the other variable (pressure) increased.

S.IC Make inferences and justify conclusions from sample surveys, experiments, and observational studies.
Students inferred the properties of matter from their observations and experiments and justified their conclusions using the models they create.  
Grades 9-12 HS 3 Course Model with ESS
Biology (3 Course Model) Snapshot: Effect on Genetic Selection (Kin Selection)
 
Mr. T starts class by showing a 3 minute Youtube video on Prairie Dogs and how they sound alarms to protect their family units against snakes as filmed by National Geographic
. He then asks the students to do a quick write on what behavior the prairie dogs use to protect themselves and how did that behavior help their family? 

Now he explains the demonstration game they will be playing.

Since Mr. T has 30 students he designates 2 students who will act as predators.  He needs an even number of students as prey, so the 28 students that are left are now prey. Mr. T now randomly hands each prey a white index card that has a color code on it (Mr. T set the cards up ahead of time so that there are 2 cards for each color (each color representing a different genotype) i.e. 2 blue cards, 2 yellow cards, 2 green cards, 2 red cards etc.).

For the first round (Individual Fitness round) the predators and prey will NOT have knowledge about individual’s genetics (in other words they will not know who is genetically related to whom). Mr. T instructs the 28 prey to randomly wander around the open area and after one minute he signals the predators to “attack”. The predators then tag a prey. That individual steps out of the group and the rest of the students continue wandering and again Mr. T signals for “attack” and again each predator selects an individual who then steps out of the group. After 7 attacks 14 individuals should have been tagged (this represents half of the population of prey). Now a recorder can tally all the colors left on a shared class spreadsheet showing the numbers and the genotypes that survived (for example, 0 blue, 1 yellow, …)

Now Mr. T assigns two different students as predators and tells them to go sit in the corner and hide their eyes while he re-distributes the index cards to the remaining 28 students who are again the prey. This time he tells the prey students to quietly (so the predators do not know) find the other student who has the same color as they do. These two students now represent a “family unit”, they are kin who have the same genotypes (they each have the same color on their index card). The second round (Inclusive Fitness) now begins. Since Mr. T has a big open area he will blind-fold the predators. This is so they cannot "learn" about genotypes and relatives within the prey groups.  The family units now randomly wander in the space and again Mr. T signals the predators to “attack”. When they have tagged an individual prey the other member of that family unit can yell ‘save” and that prey does not get eliminated. Each genotype/color gets only ONE save in this round and after that save if they or their partner is tagged they will be eliminated (note this is not for each individual but rather for each color (or genotype). Then Mr. T signals for the “attack” again and the predator tags another prey. If this prey’s genotype has been saved ONCE then they are to step out of the game (they are caught) if not the genotype will save the prey (For example, if the first attack saved a red card family unit, and if a red card individual, whether the same individual or their partner, is tagged in subsequent attacks then the red person tagged is eliminated). The game continues for a total of 7 “attacks”/rounds. This time there will be less than 14 individuals that were eliminated due to the individuals who were saved by their kin. Now a recorder can tally all the colors and numbers of individuals for each color left in the group on the shared class spreadsheet.

Mr. T reassigns the roles of each of the students (picking new predators and shuffling the genotype cards) to prevent "learning" by predators. And does each scenario one more time. 

After the class completes the four rounds of the game, Mr. T has the students look at the whole class data that has been recorded. He defines the terms

Individual Fitness – Your ability to pass on your genes.

Inclusive Fitness – Your individual fitness plus indirect fitness due to close relatives surviving and passing on their genes (which are similar to yours).  Inclusive fitness drives the concept of kin selection.

Mr. T then asks the students to complete a questionnaire about the similarities and differences they saw between the two scenarios using the defined terms and explain why inclusive behavior (group behavior) may be advantageous for some populations.  Mr. T wants the students to specifically address what the “save” meant in the inclusive fitness scenario. Students should use examples of animals that they know use Inclusive fitness behaviors. The students may talk about the prairie dogs (as in the video) or dolphin pods, rabbit warrens, bird flocks, monkey troops, or any other social, family or group behavior.

Mr. T ends class showing a 1 minute and 30 second clip where water buffalo as group counter attack lions who have surrounded an individual water buffalo
.  

	Connections to the CA NGSS:

Science and engineering practices
Disciplinary core ideas
Crosscutting concepts
Engaging in argument from evidence; Scientific Knowledge is Open to Revision in Light of New Evidence  
LS2.D: Social Interactions and Group Behavior (Group behavior has evolved because of increase in chance of survival)
Cause and Effect


	Connections to the CA CCSSM: N/A


	Connections to CA CCSS for ELA/Literacy: RST.9-10.8, RST.11-12.1 RST.11-12.7 RST.11-12.8 

	Connection to CA ELD Standards : < CDE, please add connections>


	Connections to the CA EP & Cs: N/


	Living Earth (Three Course Model) Snapshot: Shrinking Pika Habitat

	Mr. R starts class off by showing a slideshow of adorable creatures called pikas that live in the eastern Sierra Nevada mountains and other mountains around the world. Pikas bodies are so well adapted to the colder climates of higher elevation that they can overheat in temperatures and die in temperatures as low as 80 degrees for a few hours.  While other animals can relocate higher up in the mountains, pikas already live at the highest elevations and they couldn’t survive the migration down from one high peak to another. The pikas serve a unique role in the high altitude ecosystems in which they live: they build piles of grass that help fertilize the soil and fix nitrogen and they are also a food source for larger predators within the sparsely populated high altitude regions. Without an understanding of the interweaving of life with the Earth’s systems it is hard to justify  “what all the fuss is about” for a single small organism. 

     Mr. R tells students that they will be making a kinesthetic model, a model using their bodies, of the effects of climate change on pikas. Mr. R scattered wooden sticks supplies outside on the soccer field before class to represent plants that the pikas will collect for their winter food supplies. He placed orange cones out in a triangle shape with the peak of the triangle representing the peak of a mountain and the long side representing the lowest point on the mountain that pikas can survive. If they stray below the line, they will overheat and could die. Each person plays the part of a pika and must collect sticks and bring them back to their burrow, one at a time (pikas cannot carry much). By the time winter comes, they must have collected 10 sticks. Students run around and frantically collect the sticks until Mr. R announces the coming of winter. He then shrinks areas enclosed by the cones announcing that global warming has limited the area. Students find that there are insufficient sticks for all of them to survive. He repeats the process a third time, keeping the size of the mountain constant but giving students more time to search for sticks, representing a longer summer. More of the pikas survive.

     Students return to the computer lab and Mr. R shows them a computer simulation of the exact situation that they encountered in the kinesthetic activity. He emphasizes that both are examples of models. Students can adjust the temperature and watch how the size of the pika habitat shrinks and grows. The simulation is sophisticated and students can adjust the temperature month by month. They can explore the effect of longer summers and see how that affects vegetation growth (so that pikas have more food available) or warmer winters, in which pikas need less food in order to survive. Students then visit the Cal-Adapt website (http://cal-adapt.org/) run by the California Energy Commission and find specific temperature forecasts for the habitat of the pika in the Eastern Sierra. They see that the average temperature in August is expected to rise by 10°F between 2000 and 2100 under one scenario, but only 3° if humans emit less carbon dioxide from their use of fossil fuels. Students quickly enter the temperature changes into their simulator to explore the prediction of the impacts on the pika.
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Climate simulations from the Cal-Adapt website run by the California Energy Commission.

     Students recognize from the simulator that pikas do much better under the low emission scenario than the high emissions scenario. Students can analyze the problem and identify protection of the entire ecosystem as part of their criteria for their solution (HS-ETS1-1). As the environment warms what can humans do to help the pikas and their ecosystem? Students need to break the problem down into smaller, more manageable problems (HS-ETS1-2), identifying criteria and constraints for successful solutions, and then comparing alternative solutions against the criteria and constraints to determine which are most likely to succeed. 

Inspired by: http://parksclimatechallenge.org/lessons/Pikas_in_Peril.pdf

	Connections to the CA NGSS:

Science and engineering practices
Disciplinary core ideas
Crosscutting concepts
Analyzing Data

Defining problems

LS2.C Ecosystem Dynamics, Functioning, and Resilience

LS4.D Biodiversity and Humans

ESS2.D Weather and Climate

ESS2.E Biogeology

ESS3.C Human Impacts on the Earth System

ESS3.D Global Climate Change

ETS1.A Defining and Delimiting Engineering Problems

Cause and Effect



	Connections to the CA CCSSM: < CDE, please add connections>


	Connections to CA CCSS for ELA/Literacy: < CDE, please add connections>

	Connection to CA ELD Standards : < CDE, please add connections>


	Connections to the CA EP & Cs: < CDE, please add connections>



	Snapshot: "Dear Editor," evaluating climate change graphs

	Earlier in the year, Ms. Q had her students read about how to evaluate the scientific arguments made in media sources using a checklist called the Science Toolkit from the UC Museum of Paleontology (http://undsci.berkeley.edu/article/sciencetoolkit_01). She now has them read two internet articles with radically different headlines that each use a graph of global temperature as evidence. Students work in pairs to evaluate the two articles based on the criteria outlined in the Science Toolkit. Walking around the room, Fernando asks her about the sources: "this article is from NASA, but what is the Daily Mail? Who wrote it?" She encourages him to do a quick internet search about the newspaper's editorial board. A bit later, Cynthia mentions that both articles use graphs, "but they look totally different." 



	Global warming stopped 16 years ago, reveals Met Office report quietly released... and here is the chart to prove it

Long-Term Global Warming Trend Continues
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	Ms. Q then asks the whole class to discuss the graphs and construct an argument about which graph contains stronger evidence. Ali notices that one graph includes a much longer span of time, "and climate is supposed to be a long term thing." Jenni says, "this graph has four lines from scientists all over the world that all show the same ups and downs. That shows science is repeatable, and I like that." To conclude the lesson, students write letters to the editor in response to the Daily Mail article articulating their argument. 



	Connections to the CA NGSS:

Science and engineering practices
Disciplinary core ideas
Crosscutting concepts
Obtaining and evaluating information; Engaging in argument from evidence
ESS3.D Global Climate Change (analyzing geoscience data about the rate of climate change is part of HS-ESS3-5)
Scale (timescales of the graphs)


	Connections to the CA CCSSM: MP. 1, MP. 2, MP. 3

	Connections to CA CCSS for ELA/Literacy: WHST.9-10.4, WHST.9-10.6, WHST.9-10.9, WHST.9-10.10, RST.9-10.1, RST.9-10.7, RST.9-10.9.

	Connection to CA ELD Standards : ELD.PI.9-10.1.Ex, ELD.PI.9-10.2.Ex, ELD.PI.9-10.3.Ex, ELD.PI.9-10.6a-b.Ex, ELD.PI.9-10.11a.Ex, ELD.PII.9-10.1.Ex

	Connections to the CA EP & Cs: EP & C Principle II


Snapshot: Science and Engineering Practices and the History of Gravity


Although scientists have studied gravity and electromagnetism intensely for centuries, many mysteries remain concerning the nature of these forces. The CA NGSS learning progression mirrors the historical development of our understanding of gravity and orbital motion. In 1576, Danish scientist Tycho Brahe set up the world’s most sophisticated astronomical observatory of its time. He methodically investigated and recorded the motion of celestial objects across the sky. Just before he died, Brahe took on Johannes Kepler as a student who analyzed the data to develop a simple descriptive model. Even though his model did a superb job of predicting the motion of objects in the sky, it was incomplete because it could not explain the fundamental forces driving the motions. In late 1600’s, Isaac Newton extended Kepler’s model by describing the nature of gravitational forces. From his fundamental equations of gravity, Newton was able to derive Kepler’s geometric laws and match the observations of Brahe. Despite the fact that Newton’s work was revolutionary, he became so well-known because his book, Principia Mathematica, did such a good job of communicating information. In NGSS, elementary students mirror the work of Brahe, recognizing patterns in the sky (1-ESS1-1, 5-ESS1-2). At the middle grade level, students mirror the work of Kepler by making simple models that describe how galaxies and the solar system are shaped (MS-ESS1-2). In high school, students add mathematical thinking to their descriptive model (using Kepler’s laws, HS-ESS1-4) and then finally extend their model to a full explanation with the equations of the force of gravity from Newton’s model (HS-PS2-4). 

Coulomb’s Law, Newton’s Gravitation, and CA CCSSM Geometry 


Imagine throwing a rock into a glassy-smooth pond. Waves emanate in all directions from the point where the rock hits the surface of the pond. As a wave moves from the point of impact, the same energy is spread over an increasingly large area. Initially the waves are tall, but as the waves get farther from the source, they become more diffuse. What is true of the water wave along the surface of the pond is similar to what happens to any point source that spreads its influence equally in all directions. Although the water waves are confined to the surface of the water, point sources, such as radiation, sound, seismic waves, illumination, magnetism, electrostatics and gravity display a similar attenuation with distance (Figure 3). 


Students can model this effect mathematically with just a simple understanding of the surface area of a sphere (CA CCSSM G-GMD.1). The energy from a point source radiates out as a sphere so that energy initially concentrated at the source is distributed over an imaginary spherical surface. To determine the intensity of the energy at a given radius (r), we need to divide the source energy (S) by the surface area of the sphere to which the energy is distributed. Since the surface area of a sphere can be calculated as A=4(r2, the intensity at one radius (r) can be calculated as [image: image23.emf]
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, where S is the initial energy of the source, and I is the intensity at any radius (r) to which the energy has been dispersed. As the energy continues to radiate, the intensity will decrease as a function of the inverse square (1/r2) of the radius, even though the amount of energy (S) remains constant. If the intensity of the energy at r=1 is defined as [image: image24.emf]
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. The intensity falls off as the inverse square of the distance from the source simply because the surface area of the spherical front increases as a function of the radius squared. 


Understanding of the geometric foundations of the inverse square principle is an important tool for understanding the mathematical representations of Newton’s Law of Gravitation and Coulomb’s Law (HS-PS2-4).
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Figure 4. Equations representing how different phenomena all obey the inverse square law. (Herr 2008, 285)

Snapshot: Asking Questions About Patterns in Stars

Students review a table of a number of properties of the 100 nearest stars and the 100 brightest stars using a spreadsheet. They construct graphs of different properties looking for patterns in this data. They find that many of the factors, are uncorrelated (“It looks like bright stars can be located both near and far from us.”), but they should see a definite pattern between brightness and temperature—hotter stars are brighter and colder stars are dimmer. They may begin with a linear scale, but with such a large range in the brightness of stars (less than 1% as bright up to 100 times brighter than the Sun), they discover will need to adjust to a logarithmic scale.
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Anaya: Not all the bright stars are hot, though. Are those outliers?

Cole: And not all the dim stars are cold.

Ms. M.: Why do you think that is? Should we graph more data?

Jordan: Maybe those dim ones are farther away.

Diego: I don’t think so. We graphed distance versus brightness and there wasn’t any trend. But I’ll look specifically at the data for those stars to make sure.

Jordan: Well maybe they’re smaller then. If they’re small, maybe they wouldn’t be very bright even if they were hot. 

Anaya: And maybe those cold ones would be bright if they were really big.

Students ask questions that lead them to further investigation. The example student dialog is idealized, but effective talk moves can help structure conversations so that students move towards this ideal (as outlined in the Instructional Strategies for CA NGSS Teaching and Learning in the 21st Century chapter)). 


This pattern in the data was discovered by Ejnar Hertzsprung and Henry Russell around 1910 and is commonly referred to as a Hertzsprung-Russell (H-R) Diagram. It appears in several different forms including color or “spectral type” instead of temperature. Like the coals in a fire, cooler stars are red and hotter stars are orange, yellow, or even blue. (Several online simulations are available to allow students to explore this relationship between temperature and color.) Students can add this relationship to their model of the Sun’s energy emissions (HS-ESS1-1) because it helps explain the overall broad range of colors emitted by the Sun in Figure 11. It relates to the star’s lifecycle because most of the stars fall along the central diagonal line in the H-R diagram, which is referred to as the main sequence. As they move through their life cycle and stop fusing elements in their core, stars plot in different sections of the H-R diagram than they did during their main sequence.

Grades 9-12 HS 4 Course Model  

	Biology (4 course Model) Snapshot: Effect on Genetic Selection (Kin Selection)Mr. T starts class showing a 3 minute YouTube video on Prairie Dogs and how they sound alarms to protect their family units against snakes as filmed by National Geographic
. He then asks the students to do a quick write on what behavior the prairie dogs use to protect themselves and how did that behavior help their family? 

Now he explains the demonstration game they will be playing.

Since Mr. T has 30 students he designates 2 students who will act as predators. He needs an even number of students as prey, so the 28 students that are left are now prey. Mr. T now randomly hands each prey a white index card that has a color code on it (Mr. T set the cards up ahead of time so that there are 2 cards for each color (each color representing a different genotype) i.e. 2 blue cards, 2 yellow cards, 2 green cards, 2 red cards etc.,).

For the first round (Individual Fitness round) the predators and prey will NOT have knowledge about individual’s genetics (in other words they will not know who is genetically related to whom). Mr. T instructs the 28 prey to randomly wander around the open area and after one minute he signals the predators to “attack”. The predators then tag a prey. That individual steps out of the group and the rest of the students continue wandering and again Mr. T signals for “attack” and again each predator selects an individual who then steps out of the group. After 7 attacks 14 individuals should have been tagged (this represents half of the population of prey). Now a recorder can tally all the colors left on a shared class spreadsheet showing  how many of each genotype survived (for example, 0 blue, 1 yellow, …)


	Now Mr. T assigns two different students as predators and tells them to go sit in the corner and hide their eyes while he re-distributes the index cards to the remaining 28 students who are again the prey. This time he tells the prey students to quietly (so the predators don’t know) find the other student who has the same color as they do. These two students now represent a “family unit”, they are kin who have the same genotypes (they each have the same color on their index card). The second round (Inclusive Fitness) now begins. Since Mr. T has a big open area he will blind-fold the predators. This is so they cannot "learn" about genotypes and relatives within the prey groups. The family units now randomly wander in the space and again Mr. T signals the predators to “attack”. When they have tagged an individual prey the other member of that family unit can yell “save”. And that prey does not get eliminated. Each genotype/color gets only ONE save in this round and after that save if they or their partner is tagged they will be eliminated (note this is not for each individual but rather for each color (or genotype)). Then Mr. T signals for the “attack” again and the predator tags another prey. If this prey’s genotype has been saved ONCE then they are to step out of the game (they are caught) if not the genotype will save the prey (For example, if the first attack saved a red card family unit, and if a red card individual (whether the same individual or their partner) is tagged in subsequent attacks then the red person tagged is eliminated). The game continues for a total of 7 “attacks”/rounds. This time there will be less than 14 individuals that were eliminated due to the individuals who were saved by their kin. Now a recorder can tally all the colors and numbers of individuals for each color left in the group on the shared class spreadsheet.

Mr. T reassigns the roles of each of the students (picking new predators and shuffling the genotype cards) to prevent "learning" by predators. And does each scenario one more time. 

After the class completes the four rounds of the game, Mr. T has the students look at the whole class data that has been recorded. He defines the terms

Individual Fitness – Your ability to pass on your genes.

Inclusive Fitness – Your individual fitness plus indirect fitness due to close relatives surviving and passing on their genes (which are similar to yours). Inclusive fitness drives the concept of kin selection.

Mr. T then asks the students to complete a questionnaire about the similarities and differences they saw between the two scenarios using the defined terms and explain why inclusive behavior (group behavior) may be advantageous for some populations. Mr. T wants the students to specifically address what the “save” meant in the inclusive fitness scenario. Students should use examples of animals that they know use Inclusive fitness behaviors. The students may talk about the prairie dogs (as in the video) or dolphin pods, rabbit warrens, bird flocks, monkey troops, or any other social, family or group behavior.

Mr. T ends class showing a 1min 30 second clip where water buffalo as group counter attack lions who have surrounded an individual water buffalo
. 

	Connections to the CA NGSS:

Science and engineering practices

Disciplinary core ideas

Crosscutting concepts

Engaging in argument from evidence; Scientific Knowledge is Open to Revision in Light of New Evidence  
LS2.D: Social Interactions and Group Behavior (Group behavior has evolved because of increase in chance of survival)
Cause and Effect



	Connections to the CA CCSSM: N/A

	Connections to CA CCSS for ELA/Literacy: RST.9-10.8, RST.11-12.1 RST.11-12.7 RST.11-12.8 

	Connection to CA ELD Standards : ELD Pt.I.9-10.1-2, 5, 6b, 9, 10a, 10b. Ex,


High School Vignette

Natural Selection

This vignette describes how students develop understanding of how variation, genotype and phenotype play a role in evolution by addressing the following overarching questions: What processes influence natural selection? What do changes in patterns of phenotypes mean? What are the causes and the effects of changes in environments on variation in populations? 

This vignette illustrates how teachers could engage students in the topics of unit 11 and part of unit 12. It encompasses natural selection and adaptation and outlines sections that would come before and after the instruction and learning described below. 

This vignette assumes students have prior knowledge based on the following middle school performance expectations:

MS.LS2-1- Analyze and interpret data to provide evidence for the effects of resource availability on organisms and populations of organisms in an ecosystem

MS.LS.2-4- Construct an argument supported by empirical evidence that changes to physical or biological components of an ecosystem affect populations.

MS.LS4-4- Construct an explanation based on evidence that describes how genetic variations of traits in a population increase some individuals’ probability of surviving and reproducing in a specific environment.

MS.LS4-6- Use mathematical representations to support explanations of how natural selection may lead to increases and decreases of specific traits in populations over time.

Students will need to know how obtain raw data and construct graphs, both by hand and using spreadsheets on the computer. There is a bit of guidance in some of the documents used for the vignette, but it assumes that students have already some experience with graphing. 

The teacher’s background knowledge should include how Darwin’s observations led to his inferences and how his observations and inferences are used today as the foundation of the Theory of Evolution. Teachers also need to take care to dispel Lamarckian misconceptions (this should be done with the students before starting this vignette), including the fact that evolution is not goal directed and that adaptations are not the result of a change in the environment, but rather are traits or characteristics the organism already has that increases the fitness (the ability to reproduce living offspring) of an individual compared to individuals without these traits. Though natural selection acts on individuals, it is not changing the characteristics of individuals; instead, it changes the frequency of characteristics/traits in a population (in other words, the frequency of particular alleles in the population gene pool). Natural selection can only select from the variation in phenotypes that are present at the moment, it cannot create a new variation. Only mutation and recombination in sexual organisms can create new allele combinations that might result in phenotypic variation. Natural selection acts on the phenotype, but evolution consists of changes in allele frequencies. Therefore, evolution only occurs if the selected traits have a genetic basis. Teachers should also know that the individual postulates of the theory of evolution are testable. 

Unit plan

5E Learning – This vignette is based on an iterative 5E instructional model where students engage, explore, explain, elaborate and evaluate each topic (http://bscs.org/bscs-5e-instructional-model). Each activity has a role in the 5Es, but each activity also needs to include each of the 5Es along the way. The 5Es are one approach to teaching the CA NGSS science and engineering practices (SEPs) and while SEPs should be shared explicitly with students, the 5Es are not necessarily relevant to the students, so this information is for the teachers’ notes (Table 1 is an overview adapted from BSCS’s model available on the Web site above).

Table 1: Outline of the 5E model as modified from the BSCS model 
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 Engage
	This portion of the activity is designed to generate student interest through the introduction of interesting and relevant activities that access prior knowledge and set parameters for the focus of the lesson.
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Explore
	Students participate in activities that facilitate conceptual change by experimenting, probing, inquiring, questioning, and examining their thinking.

	[image: image62.png]


Explain
	Based upon their discoveries, students generate explanations and designs, connecting prior knowledge to new discoveries.
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Elaborate / Extend
	Students must now apply their new understanding to novel situations. Using academic language, they explain concepts and designs.
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Evaluate
	Finally, students assess their understanding of phenomenon and success of designs and offer new applications of scientific principles as well as next steps for engineering designs. 


Each day is a 50-55 minute lesson. Many of the activities do require some set-up before class starts in order to use time wisely. Though homework is encouraged, it is not spelled out in all cases for this plan. Table 2 provides a snapshot of the 12-day plan.

Table 2: 12-day overview of unit on Natural Selection

	
	Overview of Lesson
	Teacher Does
	Student Does
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Day 1
	Engage: lesson on variations in human populations using height as an example
	Ask guiding questions and model how to measure and record data
	Recognize PATTERNS

What is the variation in height in their classroom?
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Day 2


	Engage: use a pinto bean to show more variation. Watch HHMI video on Galápagos Islands and discuss beak variation.
	Ask guiding questions and lead discussion on variation. Show video to link to tomorrow’s lesson
	Recognize PATTERNS in pinto beans and understand the differences in the beaks that the Grant’s observed on the Galápagos Islands
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ore than a dozen juvenile great white sharks were spotted Tuesday night in the waters
off Sunset Beach in Huntington Beach, police said.

Ahelicopter with the Huntington Beach Police Department spotted 13 6- to 10-foot sharks feeding in
the water about 50 feet from the shore, Officer Jennifer Marlatt said.

It was about 6 p.m. when the flight crew saw the young sharks. There were no swimmers or surfers in
the water.

Reports of the sightings were forwarded to Huntington Beach lifeguards. No swim advisories or
warning have been posted at Sunset Beach.

‘The lifeguard unit has received other reports of shark sightings in recent weeks.

‘The juvenile sharks are typically between 5- to 6-feet and have been spotted swimming close to shore,
lifeguard officials said.

It is unclear why the sharks are swimming closer to shore or have been in the area recently.
On May 11, at least six 5- to 6-foot sharks were seen near Seal Beach and Huntington Beach.

Farther north, officials issued warnings after two 5- to 7-foot juvenile sharks were spotted in April
swimming outside the surf line near paddleboarders at Surfside Beach.



Day 3
	Explore: Island Beak Lab- Simulate survival of the fittest in different conditions and collect data.
	Set-up materials and monitor students’ progress 
	Participate in the island simulations. Collect data

	Day 4
	Explore: Analyze and interpret data collected from Island Beak Lab. 
	Guide students through analysis of the Beak Lab data.
	Summarize beak lab data for cause and effect linkage.

	Day 5
	Explain: Read about Darwin’s observations and make concept maps of what he saw and the inferences he drew from that data
	Guide the reading and the concept mapping to keep students involved
	Reading and concept mapping.

	Day 6 
	Explain: Darwin continued. Finish concept maps and share them out, allowing other students to ask questions in a share out or walk around.


	Guide discussion of concept maps. 


	Engage in SEP for Communicating Information 

	Day 7
	Explore: Darwin continued. Graph finch data obtained from Peter and Rosemary Grant. Use the SEP of analyzing and interpreting data
	Guide students in graphing and analysis of data. 
	Graph data set and look for cause and effect linkage

	Day 8


	Explain and Elaborate: Present findings from Darwin data. Use SEP practices of analyzing and interpreting data, using mathematics and computational thinking, and engaging in argument from evidence. 
	Finish analysis of data and assess presentations. Help class reach consensus on the results.
	 Analyze data and look at cause and effect and present findings to the class.

	Day 9 
	Explore: Simulate population changes over time (colored dot activity) 

Explain: Use SEP of analyzing and interpreting data, constructing explanations and designing solutions, using mathematics and computational thinking, and engaging in argument from evidence. 
	Set-up selection pressure over time activity. Monitor student progress and help class reach consensus.
	Do the activity and analyze the results and look at cause and effect


	Day 10


	Elaborate: Lesson 3 from EEI Differential Survival of Organisms

Have students look at selection pressures that are biotic and/or abiotic factors. Use SEP of constructing explanations and designing solutions
	Present the lesson with the cards and have students work in group to finish project. 
	Make connections to what biotic and abiotic pressures result in what phenotype in these marine organisms

	Day 11


	Evaluate: Case Study: Great Barrier Reef from EEI Differential Survival of Organisms. 

Examine the impact of humans on species survival. 

Use SEP of constructing explanations and designing solutions
	Guide students through reading and responding to questions.
	Work in groups to understand the issues and design solutions. 

	Day 12
	Share out results of the case study analysis. Use SEP engaging in argument from evidence.
	Invite constructive feedback from students on results of case study.
	Present findings to the class.


Narrative

Before beginning this narrative it should be noted that Ms. O’s class has electronic devices for each student. She makes use of online collaborative documents (e.g., Google documents and spreadsheets). A description of how to provide this instruction without technology or with limited technology is provided at the end of this narrative.

Day 1:  Engage activity-Ms. O’s goal for the day is for students to recognize that height variation exists in the classroom and that height has changed over time in baseball and basketball players. 

Before class starts Ms. O has taped up measuring tapes exactly 36 inches/ 91.4 centimeters from the ground on the wall at 8 stations around the room.

As the students enter the classroom, Ms. O hands them an index card and tells them to put down their books and with a partner go to a station and measure their height and their partner’s height in inches and centimeters. Each person will write their measurements and their partner’s measurements on their index card. Ms. O then asks them to enter their own data onto the class online spreadsheet, the students also indicate whether they are male or female but they leave their names off. 

Ms. O now asks the students, “What do you notice about your height and your partner’s height?” They respond by raising their hands. She spends only a minute on this as she then projects the data from the entire class on the screen. She displays the data in a table format with male/female as one column and inches in another and centimeters in the last column. She asks the students a few questions:

“What do you notice? Are there any patterns to this distribution? Are your classmates all tall or all short? How tall is tall? How short is short?”

Students respond on the class online spreadsheet for quick writes. (This is a pre-set online spreadsheet with each student’s name as a row and the question in the column closest to their name. The students are used to this protocol, which they have used since the beginning of the school year. See example below.)
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Ms. O then notes some of the commonalities of their answers and asks students the next guiding question: 

“You all noticed that there are differences in the heights of you and your classmates. We call this variation. Why is there variation in height? Answer on the quick write.”

Ms. O reminds the students that in their genetics unit they learned how genotype connects to our phenotype and that the main reason for height in humans is the result of our genotype and that proper nutrition contributes a small part to height. 

“Do you think human’s average height has changed over the years? Are people today taller than they were say 100 years ago?” Ms. O takes a quick show of hands and writes down the responses. 

“Now we are going to look at data on height and weight of baseball and basketball players in the last century.” Ms. O then has the students open the class Web site and click on the link for Baseball and Basketball statistics (see links below). Working in established pairs or groups of three, the students are asked to write down some observations of the trends they see over time of height changes. They are asked, “What stands out for you in this data?”

Link to baseball statistics

http://www.azsnakepit.com/2010/7/5/1550963/baseball-players-does-size-matter
Link to basketball statistics

http://www.basketball-reference.com/leagues/NBA_stats.html#stats::none
Day 2: Ms. O’s goal today is to have the students recognize that there is variation in many different populations (not only in humans), including in pinto beans. She also will prepare them for the hands-on activity tomorrow on Islands and variation in beaks of birds. Some of this preparation will be done by watching the HMMI video. 

Before class Ms. O puts out small metric rulers on the desks of the students, has the spreadsheets of data ready from the day before, and cues up the HHMI video.

Ms. O reviews with the students their comments about the data from the day before; students see that evidence shows that the average height and weight of baseball players and basketball players has increased over the years. She then hands out 2-3 pinto beans to each student and asks them to write down a few observations about what each looks like. They are allowed to measure and draw what they see. Ms. O encourages them to look at their neighbors’ beans too. Then, she collects all the beans and puts them into a few bowls that have some additional beans in them too. Ms. O asks the students within the groups to pick out their beans from among the beans in the bowls. She allows about five minutes for students to pick out the beans and then asks the class to come back together. 

Ms. O. asks the students if variation is part of all populations. She asks students to call out a few variations that bird populations might have, guiding the students to think about beaks, body size, wing spans, and so on. Then she shows a 15 minute video on the Galápagos Island finch. She also links the video to the class Web site in case students want to review it on their own. She asks the students to fill out an online form on their understanding of what the film was about. She uses the questions that are associated with the video on HHMI website http://www.hhmi.org/biointeractive/evolution-action-data-analysis.
Before class ends, Ms. O explains that tomorrow they will be coming in and starting their assignment immediately on exploring island beaks and how different tools represent different ways of acquiring food. She hands out the worksheets and asks students to read through them tonight, emphasizing that tomorrow part of their grade will be based on whether they were prepared to do the assignment or not. 

Day 3: Explore- Ms. O’s expectation for the students is that they will complete as many stations as possible and participate in the activity.

Before class, Ms. O sets up each of the islands in duplicate (she has a class of 36 students and has them divided into groups of four). There are 8 stations, so in total she has 16 stations for the students.

Students enter class ready to start at their stations. Yesterday they were assigned roles that they will rotate at each station. Directions are included in the worksheet which Ms. O handed out yesterday, a copy is also linked to the class Web site. 

At Ms. O’s directions, each student group starts at a station on their side of the room. She lets them have about 7 minutes a station so each group gets through about 6-7 of the 8 stations, depending on whether they are being efficient. As the students perform the tasks of each station, Ms. O walks around helping the students stay on task and making sure the supplies are sufficient. She gives students a one minute warning, then calls time, and has students rotate to the next station. 

Students’ homework is to put their data into the cloud- based class spreadsheet that Ms. O has linked to the class Web site and to answer the questions for each of the stations they completed. Ms. O makes it clear that they will receive points based on data input BEFORE class starts.

Day 4: The class objective today is to make connections between cause and effect and apply analyzing and interpreting data techniques to the data collected yesterday. 

Before class starts, Ms. O double checks that the spreadsheet has been filled out by the students and sets up a quick formative assessment that she will give during class this day. 

Students enter class and take out their electronic devices and their worksheets. Ms. O calls the class together and projects the data that was inputted into the class spreadsheet. She asks students to look at the data and complete their worksheets based on what they see in the data sets. The students also have access to the data on their devices. For the stations that they did not get to on Day 3, they can use the class data to answer the questions. She gives them about 15 minutes to finish this and then collects their worksheets. 

Next Ms. O directs their attention to the data and asks some guiding questions about the data. Some of the answers she will collect on the class quick-write so that all students can respond. Ms. O first asks, “What patterns do you notice within and between islands? Which beaks worked best for each island? Is there any beak type that worked well on more than one island? Why or why not? How does this relate to cause and effect?” She has the students input their responses and then talk within their groups to decide if they want to improve on their answers. 

For the last 15 minutes of the class, she has the students do a formative assessment by filling out an online form (this will ensure individual responses are gathered as students cannot see other students’ responses). They can look at the spreadsheet that Ms. O has projected. She does not let the students go to the sheet on their devices as she wants to see what they know, not their partners. 

The Questions for the assessment are:

1. What overall patterns did you observe in the use of the beak tools on each island? Give evidence from the data to support. 

2. Did there seem to be a “best” tool for every island? Why or why not? Use data to support your answer.

3. Now that you have had a chance to look at data collected for each island, write a few sentences on how variation affects the ability of birds to gather food. Provide examples of cause and effect. What will happen to the separate bird populations over time? Provide evidence for your explanations. Use class data to support your observations. 

(Note this question was asked already but before the discussion, so students should now have more evidence to support their answers). 

Ms. O assigns homework for the student that involves reading the section of their textbook on Darwin’s observations and inferences. 

Day 5-6: Explain: Students will have produced a concept map outlining Darwin’s observations and the inferences he made and how they connect to the activities done in class already. 
Ms. O will have sheets of poster paper and pens at each group’s table.

Ms. O will have the students sit in their assigned groups of four. Students will be tasked with discussing within their groups Darwin’s observations and the inferences he drew from them. Ms. O travels to each group to answer any questions and/or clarify for the students anything about Darwin’s findings. Students will then work together to create a concept map of each of Darwin’s observations and link it to each of his inferences (Ms. O encourages them to be creative. They can use pictures, drawings, or sketches). Once this is done, Ms. O instructs the students to add another layer to their maps by indicating connections to the activities already done in this unit. Ms. O expects these concept maps to be completed half-way through the second day. These will be displayed around the room. The concept map is part of the Explain process of the 5E model for this unit.

Ms. O checks each concept map to make sure it has a representation for each of the following of Darwin’s observations:

1. Populations have the potential for rapid reproduction.

2. Over time amount of resources and populations don’t change in size. 

3. Within populations there is variability in structures and behavior.

4. Some of that variability is inherited.

Ms. O also checks for representation of Darwin’s inferences, postulates, or conclusions:

1. Individuals within populations are variable 

2. The variation among individuals are, at least in part, passed from parent to offspring.

3. In every generation, some individuals are more successful at surviving and reproducing then others.

4. The survival and reproduction of individuals is not random; instead they are tied to the variation among individuals. The individuals with the most favorable variations, those who are better at surviving and reproducing, are naturally selected. 

(Darwin 1859, 459): 

Ms. O now asks students do a gallery walk and write a question or a comment on a sticky note and attach to each concept map. After the galley walk, each poster is taken down. If clarification of the concept map is needed, the group makes the necessary changes in their concept map. Ms. O then collects the concept maps and takes a photo that she uploads into an online class presentation file that the students will have access to on the class Web site. The students will add information to these posters over the next week. 

This exercise is modeled after an assignment described in Passmore et al., 2013. 

Ms. O assigns homework for the students to read pp 965-968 of the Bioscience paper, which is linked to the class Web site (Grant and Grant 2003). This paper is a review of the work featured in the HHMI video shown on Day 2. 

Day 7-8: Explain and Elaborate: At the end of these two days, Ms. O expects students to take real data collected by the Grants and calculate cause and effect in a population of finches that have experienced a drought as well as apply the SEPs of analyzing and interpreting data, using mathematics and computational thinking, and engaging in argument from evidence. 
Before class, Ms. O links the raw data in a spread sheet for each group. She downloads this from the HHMI Web site http://www.hhmi.org/biointeractive/evolution-action-data-analysis. 
The lesson below is modified from the teacher and students sheets available on this website. 
After students enter the room, Ms. O asks them to sit in their groups. She gives each group the same spreadsheet with the raw data gathered by the Grants and their students on Daphne Major in the Galápagos Islands. She explains the data is for wing length, body mass, and beak depth, taken from a sample of 100 medium ground finches (Geospiza fortis) living on the island of Daphne Major in the Galápagos archipelago. She projects the picture of a ground finch (shown below) so that students have a visual representation of what the bird looks like. All the finches were born between the years of 1973 and 1976. Before the students begin to look at the data, Ms. O asks a quick write question, “What do you think will happen to birds after a drought and why?” Then, Ms. O asks the students to look at the data and she asks, “Do you see any patterns in this data before you graph it? Are all the birds of similar size? What measurements seem to vary the most from individual to individual? Why do you think the sample only includes adult birds? Is there a best approach to graphing beak depth measurements?” 
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Once students recognize that half of the measurements are from finches that died in 1977 (the year of the drought) and that half of the measurements are from finches that survived the drought, Ms. O asks them to graph the two groups on separate graphs as histograms. After the students generate their graphs, Ms. O has the students analyze and interpret the data and she asks them to work in pairs to complete an online form that contains the questions listed below. (She suggests that students first type their answers on a shared word document so they can look back at their answers when studying). Ms. O wants the hypotheses to use evidence from what students know about natural selection where they will engage in argument from evidence. 

1. What observations can you make about the overall shape of each graph? (Imagine that you are drawing a line that connects the tops of the horizontal bars). 

2. What do the shapes of the two graphs indicate about the distribution of beak-depth measurements in these two groups of medium ground finches? 

3. Compare the distribution of beak depths between survivors and non-survivors. In your answer, include the shape of the distributions, the range of the data, and the most common measurements. 

4. Based on what you saw in the film last week (it is linked to the class website if you want to refer back to it), think about how changes in the environment may have affected which birds survived the drought. Propose a hypothesis to explain differences in the distribution of beak depths between survivors and non-survivors. Use evidence from what you have learned about Natural Selection. 

Ms. O has the students determine the mean and standard deviation of the wing length and body length of the survivors and non-survivors and then construct bar graphs to compare the average wing length and average body mass data between survivors and non-survivors. This extension provides an opportunity for students to use mathematics and computational thinking. 

As a quick formative assessment she asks the following questions:

1. Are there any differences between survivors and non-survivors average wing span? 

2. Are there any differences between survivors and non-survivors average body mass?

3. Back to the graphs on beak depth are there any differences between survivors and non-survivors?

4. Why do you think there are differences or if no differences, why do you think that is?

5. Which trait seems to have the most differences and what effect will that have on the finch population over time? Why? 

On the second day, the students share out their results and add new information and observations to their concept map. 

Day 9: Explore and Explain: Students will experience through a hands-on model how variation within populations can change over time due to cause and effect as well as the SEPs of analyzing and interpreting data, using mathematics and computational thinking, and engaging in argument from evidence. 

Ms. O sets out two types of fabric. One half the room will have swatches of one type of fabric, and the other half will have swatches of the other type. Students will work in their assigned group of four. Each group will also receive a bag with 20 dots each of six different colors made out of construction paper that has been hole punched (red, green, yellow, blue, black, pink). She also puts a bag of additional dots at each of the stations (these have lots of each color in them, no specific number is counted). She also sets up a cloud-based class spreadsheet with color-coded columns for the students to input their data.

Ms. O welcomes the students and tells them that today half of them are going to be birds again, but this time they will all have the same beak type which will be their forefinger and their thumb. One person in the group will be the timer, another person in the group will be a producer who spreads out the colored dots from the baggie on the fabric and the other two individuals will be birds of prey. The individual who is the timer will also be the data entry person and to start with will put 20 for each color under “first generation” on the spreadsheet. When Ms. O gives the okay .the birds turn their back and the producer spreads the dots on the fabric. When the timer says GO, the two birds of prey turn around and quickly pick up dots using just their thumb and forefinger and picking up one dot at a time for 20 seconds. They place the dots into a half of a petri dish. After they are done each member of the group helps count the dots. Ms. O asks them to figure out the number of dots that are left on the fabric. She gently reminds them that this is easy to do because if the birds picked up 8 green dots then there should be 20-8 or 12 dots left on the fabric. Now using a baggie that has “extra” prey in it, the team members count out the new offspring. For every dot left on the fabric, two more dots of that color will be added. So if 12 green dots are left then they need to count out 24 more green dots. Before the next round starts, the timer enters the starting number for each color under “second generation” (for example under green they would put 36). The students repeat the actions of the first round with the producers spreading the dots on the fabric and the birds picking up dots with their forefingers and thumbs for 20 seconds. Again the team counts the dots and calculates how many dots are left, multiplies that number by three, and enters that number onto the spreadsheet as the total number for the start of “third generation” (for example, if the birds picked up 10 green dots that means there are 36-10 or 26 dots left so the beginning of the next generation would be 26 * 3 or 78). Now the students can create bar graphs of their data for each generation and use mathematics and computational thinking to come to a consensus on their analysis. 

After all students have generated their graphs, Ms. O has them complete an online form answering the following questions which require them to analyze and interpret the data and engage in argument from evidence. 

1. Which, if any, colors of paper dots survived better than others in the second- and third-generation beginning populations of paper dots?

2. What might be the reason that predators did not select these colors as much as they did other colors? Use evidence from your results and what you know about Natural Selection to support your reason. 

3. What effect did capturing a particular color dot have on the numbers of that color in the following generations? How does this relate to what you know about Natural Selection?

4. How well does the class data support your team's data and conclusions? Again use evidence from your results and what you know about Natural Selection to support your reason.

If the students run out of time, answering these questions will be homework. 

Day 10: Elaborate This lesson has students elaborate on what they learned about Natural Selection as they apply it to selection pressures on marine organisms. They will be using one of the biology lessons from the EEI curriculum, Differential Survival of Organisms, and observe patterns and use the SEP of constructing explanations and designing solutions. 

Ms. O makes enough copies of the Adaptations to Selection Pressures information cards available on the EEI site http://www.calrecycle.ca.gov/eei/UnitDocs/Biology/B8a/B8aIC.pdf for every group to have a set. She will also make up the selection pressure cards so that each group can have one (some groups will have the same card). She also sets up four slides per group in a cloud-based presentation that has a replica of the worksheet available for the students on the Web site. The slides are copies of the table shown below, one for each of the four organisms. 

Once students are in their groups they will receive one of the following EEI Selection Pressure Cards. Within their groups, they will discuss the card, add their own examples, and then create a five word poster (they can use drawings and symbols but only five words, besides the title) that demonstrates the pressure and characteristics that might exist in organisms. 

Selection Pressures Cards (copied from the EEI teacher pages)

	Need for Energy

Examples of survival traits: teeth that can grasp prey, large eyes that help find prey, sensitive noses to smell prey
	Predation

Examples of survival traits: speed for escaping from predators, camouflage to hide from predators, hard exoskeleton

	Abiotic Environmental Factors

Examples of survival traits: layers of fat to protect from cold, feathers that shed water, feet that help running through sand
	Need to Reproduce 

Examples of survival traits: ability to sing to find mates, pouches to carry young, nest-building behavior


After asking if there are any questions or clarifications that are needed, Ms. O distributes the marine organism information cards and has each group fill in their four slides on the presentation. She will use this as an assessment of their understanding. 

As an exit ticket she has all students complete one question on an online form.

"What selective pressures have led to the characteristics commonly seen in sea otters? Use evidence from Natural Selection and what you learned about today in class.” 

The last exercises should be added to the concept maps. Ms. O then takes a new picture of the concept maps and re-uploads them to the class presentation Web site. 

Day 11-12: Evaluate: Students will apply the knowledge gained during this unit to the Case Study: Great Barrier Reef, Australia, presented in EEI curriculum unit, Differential Survival of Organisms. 

Before class, Ms. O makes copies of the readings and the questions associated with the case study which she downloaded from the EEI curriculum website http://www.californiaeei.org/curriculum/.
The case study is available in the EEI biology unit, Differential Survival of Organisms (Student Edition, 8–11). 

Students work in small groups to read through the short case study and begin to answer the questions on the worksheet. Besides the questions on the worksheet, she also asks students to use evidence based on the activities and on what they learned for Natural Selection to their answers for number 2 and 3 full credit. Students are encouraged to create concept maps, graphs, or other supporting material for their argument.

On Day 11, students complete the worksheet and prepare their argument. Ms. O collects their responses on a collaborative document. On Day 12, each group is given three minutes to make the case for their solution. Ms. O concludes the unit by having students vote on the best solution and asking students if they have any further questions or need further explanations. 

	Performance Expectations

	HS-LS4-2- Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a species to increase in number, (2) the heritable genetic variation of individuals in a species due to mutation and sexual reproduction, (3) competition for limited resources, and (4) the proliferation of those organisms that are better able to survive and reproduce in the environment. 
HS-LS4-3- Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to increase in proportion to organisms lacking this trait.
HS-LS4-4- Construct an explanation based on evidence for how natural selection leads to adaptation of populations. 
HS-LS4-5- Evaluate the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of individuals of some species, (2) the emergence of new species over time, and (3) the extinction of other species. 

	Science and engineering practices
	Disciplinary core ideas
	Crosscutting concepts

	· Analyzing and Interpreting Data
· Constructing Explanations and Designing Solutions

· Using Mathematics and Computational Thinking
· Engaging in Argument from Evidence
	· LS4.B-Natural Selection
· LS4.C-Adaptation
	· Patterns 

· Cause and effect

	California’s Environmental Principles and Concepts

	· Principle II (People Influence Natural Systems)

· Principle III (Natural Systems Change in Ways that People Benefit from and can Influence)

· Principle IV (There are no Permanent or Impermeable Boundaries that Prevent Matter from Flowing Between Systems)


Vignette Debrief

The instructional plan described in this vignette was specifically designed to take into account the three dimensions of learning identified in the CA NGSS. Additionally, because of the cause and effect relationship between environmental conditions and the selection pressures that directly influence natural selection, this series of lessons provides a wide array of opportunities to reinforce students’ understanding of California’s Environmental Principles and Concepts.

Science and engineering practices. There are four practices highlighted in this vignette. The most frequently used practice is analyzing and interpreting data, which is applied after each hands-on activity that used data (for example, the Island Beak lab). In the finch raw data lesson, students were exposed to using mathematics and computational thinking that allowed them to fully analyze the data. The students were involved in constructing explanations and designing solutions when they participated in the dot and fabric activity as well as when they observed the selective pressure on the marine organisms. Throughout the vignette the students were asked to engage in argument from evidence, which is an important part of the final assessment. 

Disciplinary core ideas. The main disciplinary core idea for this vignette was Natural Selection, and it was fully addressed throughout the vignette. The other DCI that was partially addressed was adaptation, especially in the EEI lesson on marine organisms. 

Crosscutting concepts: the main ones discussed are patterns and cause and effect. In the first engagement activity students looked for patterns in human height. There are other examples looking for patterns throughout the vignette. For cause and effect, the best example is the results of the dots and fabric exercise where there is a change in population variation over time. There are other examples of cause and effect throughout the vignette. 

California’s Environmental Principles and Concepts. This vignette incorporates part of the EEI curriculum into the lessons and uses a case study as the final assessment for the unit. This instructional plan provides an opportunity to reinforce three of California’s Environmental Principles and Concepts, including Principle II: The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their relationships with human societies; Principle II: Natural systems proceed through cycles that humans depend upon, benefit from and can alter; and, Principle IV: The exchange of matter between natural systems and human societies affects the long-term functioning of both. Environmental Principle II is emphasized in Day 10.

Note on technology use in the classroom: This vignette integrated many uses of technology within the daily lessons. If the students do not have one to one technology, they can use lab notebooks or index cards for quick writes and guiding questions. A teacher can ask students to put data collection into their notebook first and then for homework enter it into cloud-based spreadsheets or take the students to a computer lab the next day. Also, some teachers have access to a few computers and can use these with lab groups, eliminating the need for one to one access to technology. 
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Vignette for High School

Chemical Equilibrium

Students who are proficient in science understand the core ideas associated with the major scientific disciplines, and are able to reason like scientists and engineers in applying crosscutting concepts across disciplinary lines to build evidence-based models and explanations. Accordingly, each of the NGSS performance expectations (PE) employs science and engineering practices (SEP) disciplinary core ideas (DCI), and crosscutting concepts (CCC) to engage students in three-dimensional (3-D) learning. A 3-D learning environment encourages students to reason and plan like scientists and engineers. 

This vignette illustrates a sample seven-day learning event that addresses the requirements of HS-PS1-6: “Refine the design of a chemical system by specifying a change in conditions that would produce increased amounts of products at equilibrium”, within a larger curricular unit on chemical reactions. Prior to this learning event, students have addressed questions such as, “How can you alter chemical equilibrium and reaction rates?” and “How can you predict the relative quantities of products in a chemical reaction?” In addition, they have gained experience developing and using models, engaging in argument from evidence, using mathematical and computational thinking  and applying the crosscutting concept of flows, cycles, and conservation of energy and matter,.

This learning event requires an understanding of the disciplinary core ideas (DCI) concerning the structure and property of matter (PS1.A) and chemical reactions (PS1.B) introduced in elementary and middle school science, and developed more fully within the preceding curriculum in the high school chemistry course. In addition, this learning event is built upon the Engineering, Technology and applications of Science (ETS) core ideas introduced in both elementary and middle school science classes:  Defining and delimiting engineering problems (ETS1.A), developing possible solutions (ETS1.B), and optimizing the design solution (ETS1.C). 

Introduction

Mr. S is a chemistry teacher in an urban, multi-ethnic, high school with a large percentage of English learners. He has adopted the constructivist paradigm that assumes that learning is an active, contextualized process of constructing knowledge, and has designed this series of lessons to provide opportunities for his students to construct their own understanding through well-designed experiences and reflections. Towards this end, he employs the 5E Instructional model, described below.

· Engagement – This portion of the activity is designed to generate student interest through the introduction of interesting and relevant activities that access prior knowledge and set parameters for the focus of the lesson.

· Exploration – Students participate in activities that facilitate conceptual change by experimenting, probing, inquiring, questioning, and examining their thinking. 

· Explanation – Based upon their discoveries, students generate explanations and designs, connecting prior knowledge to new discoveries.

· Extension / Elaboration – Students must now apply their new understanding to novel situations. Using academic language, they explain concepts and designs.

· Evaluation – Finally, students assess their understanding of phenomenon and success of designs, and offer new applications of scientific principles as well as next steps for engineering designs. (BSCS 2015)

Day 1 – Engagement
In an effort to engage learners in this unit on equilibrium and LeChâtelier’s Principle, Mr. S designs a series of quick, introductory activities that will pique their curiosity and help them connect prior knowledge to new learning. Knowing that his students are fascinated with illusions and tricks, Mr. S prepares a “magic” trick that will leave his students asking, “How did he do that?”  Mr. S selects an activity that he refers to as “Feeling Blue”, a classic discrepant event that generates unexpected results and engenders a “need to know” among his students. Mr. S presents a flask with a clear liquid, and asks his students to write down everything that they observe. He then swirls the flask for fifteen seconds, and the flask “magically” turns blue!  The students are already starting to ask questions, when they notice that the color quickly disappears!  He then asks a student to come up and see if they can repeat the “magic”. Once again, the color turns a vivid blue with swirling and clear upon standing. Additional student volunteers come forward and swirl the flask, but each time the color change is less dramatic than before. 

The students are now begging Mr. S to explain the trick, and he simply asks, “What did you observe?  What might this indicate? What did we learn in the previous unit?”  Emma raises her hand and says, “Doesn’t color change generally indicate that a chemical reaction has taken place?  But no one added any chemicals to the flask!” to which Jackson replies, “But there are chemicals in the air, and maybe one of them is reacting with something in the liquid”. Lamarr then says, “Yeah, but what causes the color to disappear after the swirling stops and the flask is left to sit still?”  Rather than answering their questions directly, Mr. S employs Socratic questioning to stimulate critical thinking and illuminate ideas. Mr. S asks his students to pull out their mobile devices and respond to these questions, interspersed with further discussion and prompts: “What are five indications of a chemical reaction?  What is a chemical indicator?  When have we used chemical indicators in the past?  What chemicals are in the air?  Which one is the most reactive?  Is there any evidence that this might be a redox reaction?  Are all reactions reversible?  What might cause this reaction to reverse upon standing?”

Students enter their responses into a collaborative online spreadsheet that Mr. S monitors. Mr. S scans the answers to look for ideas that demonstrate understanding of the chemical processes involved. He selects students whom he sees have answers that will lead to an accurate discussion of chemical equilibrium, then calls on them to explain their ideas, taking care to engage as many students as possible, particularly those who are generally reluctant to raise their hands. In so doing, he affirms the reasoning and ideas of his students and ensures full engagement in the lesson.

Mr. S’s skillful formative assessment and Socratic questioning has laid the foundation for a discussion on chemical equilibrium. Mr. S introduces LeChâtelier’s Principle, or the Equilibrium Law: When a system at equilibrium is subjected to a change in concentration, pressure, volume, or temperature, then the system readjusts itself to counteract the effect of the applied change until a new equilibrium is established. He confirms student hypotheses that the addition of oxygen upon swirling disrupts equilibrium in the liquid, causing the reaction to proceed to the blue state, and then once again asks students to enter a response with their mobile devices to his question “What might be the cause of the disappearance of color upon standing?”  As he assesses student responses on his computer, Mr. S notes that eighty percent of his students have figured out that the lack of free oxygen in the liquid upon standing must create another stress which favors the reverse reaction, causing the chemical reaction to shift in the direction of the clear reactants.
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Figure 9   A discrepant event is anything that surprises, startles, puzzles, or astonishes the observer. Mr. S uses a discrepant event in which the colors of a liquid spontaneously alternate upon shaking or standing to engage learners in a unit on chemical equilibrium. (Herr and Cunningham 1999)
Recognizing that his students are progressing well in the construction of their models of this chemical system, Mr. S discusses the phenomenon and its implications. He explains that the solution was prepared by adding 8 g of potassium hydroxide (KOH) to 300 mL of water in a flask, and then cooled prior to the addition of 10 g of glucose and 2 drops of methylene blue indicator (Figure 11). To connect to their prior understanding of acids and bases, Mr. S asks them to indicate if the solution he has described will be basic or acidic?  Once again he scans student inputs and notices that more than ninety percent remember that hydroxides create basic environments. He then explains that in a basic environment, glucose (represented here as RH), is ionized to the R- anion, which then reacts to reduce methylene blue to the colorless state, 
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When the flask is shaken, oxygen in the air oxidizes methylene blue, turning it blue.
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If the flask is allowed to rest on a table, equilibrium is reached and the flask remains colorless. When the flask is shaken, oxygen from the atmosphere dissolves into the solution, disrupting equilibrium. LeChâtelier's Principle states that if any of the factors determining equilibrium is changed, the system will adjust so that the change is minimized. Thus, as oxygen levels rise as a result of shaking, methylene blue is again oxidized and the blue color returns, but as oxygen levels fall with time upon standing, the reduction reaction prevails and the solution returns to its colorless equilibrium state. Students are reminded of safety precautions and provided materials to test the reaction on their own.
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Figure 10  Students explore dynamic equilibrium using a kinesthetic, visual analogy in which the opposing transfers of liquid between beakers represent forward and reverse chemical reactions. (YouTube 2009)
Day 2 – Explore
During the “explore-phase” of this unit, students develop concepts, processes, and skills through exploration and manipulation. To help students conceptualize the invisible molecular processes required to reach chemical equilibrium, Mr. S provides an analogous tangible activity in which students manipulate variables to observe how they affect a physical equilibrium. Students are provided with two 1000 mL containers as well as one 50 mL and one 100 mL beaker. Seven hundred mL of water is placed in container-A, but none in container-B. Food coloring is added to the water to increase visibility. Students record the volumes in both beakers at “exchange zero”. They then use the 100 mL beaker to transfer water from container-A to container-B, while simultaneously using the 50 mL beaker to transfer water from container-B to container-A, while keeping both containers flat on the table. An “exchange” is defined as one transfer from A to B accompanied by a simultaneous transfer from B to A (Figure 12). Students repeat the process, recording the volumes following each exchange. The exchange process is halted once the levels in the containers do not change noticeably for five or more exchanges, and students subsequently plot their data using online spreadsheets as shown in Figure 13. Mr. S explains that a dynamic physical equilibrium has been reached when the levels no longer change, and that this activity is analogous to chemical equilibrium. Students are then asked to explain the analogy in an online form. Mr. S assesses their understanding and confirms that the water level in container-A indeed represents the concentration of reactants, while the water level in container-B represents the concentration of products, and that the water level in the 100 mL beaker represents the rate of the forward reaction while the water level in the 50 mL beaker represents the rate of the reverse reaction, and that the final water levels in containers-A and B represent the concentrations of reactants and products once dynamic equilibrium has been reached. This activity encourages students to develop and use models as well as to apply the crosscutting concept of systems and system models. 
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Figure 11  Students share their data using an online form that inputs data into a collaborative spreadsheet. The data is instantly averaged and plotted and is accessible to all students for analysis and discussion. (Prepared by author with Google Sheets)
Mr. S asks his students to predict what the final water levels in the containers will be, given specific ratios of water in the containers at “exchange zero”. Each lab group is assigned a different ratio of water in the “reactants” container to water in the “products” container, and asked to measure the water levels once dynamic equilibrium is reached. Students report their values in a collaborative online database, which they reference when writing a lab report explaining class results for all starting ratios. Many students are surprised to find that equilibrium levels are the same, regardless of the starting water levels in the “reactants” and “products” containers. By the end of this activity, students have developed a tangible system model to explain chemical equilibrium. In their model, dynamic equilibrium is dependent upon the size of the transfer beakers, not on the initial water levels in the containers. Student models explain that water levels in the transfer beakers are analogous to forward and reverse chemical reaction rates, and that equilibrium levels of water in the containers are analogous to equilibrium concentrations of reactants and products. 

Mr. S finds that this activity is helpful in dispelling a number of misconceptions concerning equilibrium. Students often hold the misconception that “equilibrium” means “equal concentrations of reactants and products”. As students examine the equilibrium conditions, they note that although the water levels in container-A and container B are not changing, the amount of water in both containers at equilibrium is different, and by analogy, the concentrations of reactants and products in a chemical reaction may be quite different from each other once chemical equilibrium has been reached. This activity is also helpful in dispelling misconceptions regarding the directionality of reactions. Chemical equations in textbooks and handouts are often written with one right-pointing single-tipped arrow, creating the impression that reactions proceed only in that direction. This activity illuminates this misconception, as students realize that the equilibrium state can be approached from either direction. In addition, many students hold the misconception that chemical reactions cease once equilibrium has been reached. In this activity, they note that although equilibrium has been reached, liquid continues to flow from container-A to container-B, and from container-B to container-A, and by inference realize that invisible molecular reactions continue even though equilibrium has been reached. At this point, Mr. S explains that “dynamic” equilibrium implies that there is no net change in reactants and products, not that reactions have ceased. 

Mr. S then asks his students, “What will happen if we add 200 mL of water to container-B once dynamic equilibrium has been reached, and continue with the exchanges?”  Students engage in a think-pair-share activity (a collaborative learning strategy in which students individually think about the question before sharing their ideas with their classmates). Once students have explained the rationale for their predictions, Mr. S asks them to resume the activity, adding 200 mL of water to container-B while continuing to make exchanges and record water levels. In the process, students notice that the addition of 200 mL to container-B results in a subsequent rise in the water level in container-A, providing a nice segue to LeChâtelier’s Principle:  When a system at equilibrium is subjected to a change in concentration, pressure, volume, or temperature, then the system readjusts itself to counteract the effect of the applied change until a new equilibrium is established. Thus, a change in the water level in container-B, (representing the concentration of the products), causes a readjustment in the system such that there is a net movement of water from container-B to container-A (representing the dominance of the reverse reaction relative to the forward reaction) until dynamic equilibrium is re-established. 

Days 3-4 – Explain
During the “explain” phase of this unit, Mr. S introduces key terminology, clarifies concepts, and provides students with the opportunity to verbalize their conceptual understandings and demonstrate their skills applying LeChâtelier’s Principle. Mr. S provides instruction using interactive lecture, slideshows, and online movies. 

To assist language learners, Mr. S introduces the prefixes, roots and suffixes embedded in key terms, such as dynamic, equilibrium, transfer, exchange, reaction, molecule, reactant, and product. To encourage transfer, Mr. S instructs his students to provide terms from everyday English that contain these prefixes, roots, and suffixes. Mr. S has found that this activity not only assists English language learners in acquiring academic language, but it also benefits native speakers as they learn to analyze structure and see patterns in both scientific and everyday vocabulary.

To encourage and assess student learning, Mr. S develops a “zaption” (zaption.com), adding images, text, and quizzes to an exemplary online video concerning LeChâtelier’s Principle. During playback, the video pauses, requiring student responses to teacher prompts. The “zaption” records student inputs to each prompt before proceeding, providing accountability and insuring that the video is truly an interactive learning experience (Figure 14). Equipped with such formative assessment data from student homework, Mr. S is prepared to begin the next day with interactive explanations to address demonstrated student needs. 
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Figure 12  Homework includes an annotated video that tracks student understanding of concepts, providing Mr. S with formative assessment data that he will use to adjust instruction to meet student needs. (YouTube 2014; Zaption 2015)
Students gain further understanding of equilibrium and LeChâtelier’s Principle by manipulating variables and observing effects in online simulations such as the PhET (phet.colorado.edu) activity illustrated in Figure 13 Students change variables (concentration of reactants, concentration of products, temperature, pressure) one at a time and record changes in the equilibrium conditions. Students enter their observations into an online collaborative database and write a lab report in which they explain their findings in light of class averages. Mr. S assesses student understanding of LeChâtelier’s Principle through quizzes associated with these simulations.
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Figure 13  To understand how stresses affect equilibrium, students change one variable at a time in online simulations, and record and analyze results. (PHET Interactive Simulations 2015)
Days 5-6 – Extend, Elaborate
Now that students have a basic understanding of the chemistry of chemical equilibrium and LeChâtelier’s Principle, they are prepared to address performance expectation HS-PS1-6, which extends student understanding of equilibrium and LeChâtelier’s Principle by requiring learners to “refine the design of a chemical system by specifying a change in conditions that would produce increased amounts of products at equilibrium.”  Mr. S designs this portion of the unit to address all high school engineering, technology and applied science (ETS) standards, by employing engineering solutions to address complex real-world problems such as providing food for a rapidly growing world population. 

Before challenging students to apply LeChâtelier’s Principle to increase product yields, Mr. S introduces a story of the chemistry of nitrogen fixation, a story that deals with the complex real-world problem of feeding the world’s growing population by reasoned application of chemical principles. Using multimedia, lecture, and discussion, Mr. S presents the following information:
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Figure 14  More than 800 million people suffer from chronic undernourishment. Without the Haber process of nitrogen fixation to produce synthetic fertilizers, the number would be much higher. (Food and Agriculture Organization of the United Nations 2012)
According to the United Nations Food and Agriculture Organization, more than 800 million people suffer from chronic undernourishment (Figure 14), mostly in developing countries (Food and Agriculture Organization of the United Nations 2012).   Although the reasons for world hunger and undernourishment are complex, one thing is clear, if it were not for agricultural chemistry, the situation would be much, much worse. Chemistry has revolutionized agriculture and enabled yields far greater than anyone could have imagined a century ago. Of all of the advances in agricultural chemistry, none is as significant as the Haber process for making ammonia. Plants require nitrogen to synthesize proteins, grow, and produce fruit, and although 78% of the Earth’s atmosphere is made of nitrogen, it is not in a form that plants can use. Nitrogen is a fundamental part of chlorophyll, and when leaves contain sufficient nitrogen, photosynthesis can proceed at high rates. Plant growth and crop productivity are greatly enhanced when additional nitrogen is provided in the form of ammonium nitrate, ammonium sulfate, or other nitrogen-rich compounds. The question is, “how does one fix atmospheric nitrogen into a form that can be used by plants?”  Prior to Haber, chemists had established the following equation for the synthesis of ammonia from atmospheric nitrogen:

N2(g) + 3 H2(g) → 2 NH3(g)       ΔH = –92 kJ/mol

Although this reaction was well known, yields of ammonia were very small. Determined to increase yields, Fritz Haber began to study this reaction in great detail, employing LeChâtelier’s Principle to shift the reaction towards the right. Looking at the equation, one will note that there are twice as many molecules of gas on the left side as on the right side. Thus, pressure decreases when proceeding from left to right. LeChâtelier’s Principle suggests that high pressure will force the reaction to the right so as to relieve the applied “stress”. Haber noted that this is an exothermic reaction, as indicated by the 92 kilojoules per mole that are given off (ΔH = –92 kJ/mol), and by applying LeChâtelier’s principle, he determined that yield could be increased if carried out at low temperatures. Applying LeChâtelier’s Principle once more, Haber reasoned that a removal of the product (NH3, ammonia) would shift the reaction towards greater yield. Since the condensation temperature of ammonia is higher than that of nitrogen or hydrogen, Haber was able to increase yields by cooling the reaction mixture until ammonia liquefied and could be removed from the reaction apparatus. Haber also developed an iron-based catalyst to speed the reaction. Eventually, Haber achieved very high yields of ammonia by creating conditions of high pressure and low temperature, accompanied by a catalyst and continuous removal of ammonia (Figure 15). The Haber process of nitrogen fixation revolutionized the production of nitrogen-based fertilizers, providing increased crop yields worldwide. It has been estimated that a third of the earth's 7+ billion people are fed thanks to the Haber process, and that stopping the production of synthetic nitrogen-based fertilizers would lead to mass starvation. 
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Figure 15 An analysis of the Haber process of nitrogen fixation provides students the opportunity to make connections between chemistry, chemical engineering, societal needs and history. (Quarkology 2012)
Now that students understand how LeChâtelier’s principle can be applied to increase yield, they are better prepared for the activities that follow, in which they refine the design of a chemical system by specifying a change in conditions that would produce increased amounts of products at equilibrium. Students now take an online quiz where the must explain how they can change pressure, temperature, reactant concentrations and product concentrations to increase the yield of the products in equations shown in Figure 16 
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Figure 16 Students apply what they have learned to predict how yields of various reactions may be increased by adjusting pressure, temperature, reactant concentration and product concentration. (Public domain data on heats of reaction)

Satisfied with the results of the quiz, Mr. S introduces students to a series of chemical reactions and challenges them to predict how to use temperature, pressure, acids, bases, or other salts or ions to disturb the equilibrium to increase product yield. After completing a safety quiz and acquiring safety goggles, lab coats and gloves, students are provided with a series of six test tubes containing solutions at equilibrium. In each case, students must examine the chemical reaction and determine how the reaction may be shifted towards the products. Students are provided with indicators (phenolphthalein, methyl orange) to determine pH, syringes for increasing or decreasing pressure, acids and bases for adjusting pH, hot plates and ice for changing temperatures, and supplemental chemicals to adjust ion concentrations. Students are encouraged to label all test tubes and containers, and to take photographs of each reaction so that they can review and analyze reactions in greater details. Students must write their predictions in their online lab reports, and upload movies (or before and after photographs) of color changes as evidence.

Na+(aq)+HCO3-(aq) ( Na+(aq) + OH-(aq)+CO2(g)     (indicator: phenolphthalein)

NH3(aq)+H2O(l) ( NH4(aq)+OH-(aq)   (indicator: phenolphthalein)

CH3COOH(aq)+ H2O(l) (  H3O+(aq) + CH3COO- (aq)    (indicator: methyl orange)
Co2+(aq) [pink] + 4Cl- +heat (aq) ( CoCl42- (aq) [blue]    

Cu2+(aq)[blue]+ 4Br-(aq) ( CuBr42-(aq) [yellow]

Fe3+(aq) [yellow] + SCN-(aq) (FeSCN2+ (aq) [red]

Evaluate – During the evaluation phase, learners assess their results and communicate their findings. Mr. S reminds his students that they must engage in argument from evidence as they evaluate their success in increasing the products of each reaction (shifting the equilibrium to the right). For example, in the first reaction, the appearance of pink, or an increased intensity in pink color will serve as evidence that they have achieved success, since the hydroxide ion in the product (OH-) turns phenolphthalein pink. Similarly, a shift from pink or purple to blue in the fourth equation will indicate success in producing more CoCl42-. After reviewing their findings, students must explain how to improve their yields. They then proceed to test these hypotheses, recording results with their cameras as before. Working within the constraints of resource availability and time, students present their final results in an online lab report that is shared with their class. Mr. S concludes this unit by conducting a debriefing session, in which lab groups explain what they learned and how they used this knowledge and their models to maximize yields.

	Performance Expectations

	HS-PS1-6 Chemical Reactions
Refine the design of a chemical system by specifying a change in conditions that would produce increased amounts of products at equilibrium.
HS-ETS1-1 Engineering Design

Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants.
HS-ETS1-2 Engineering Design

Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
HS-ETS1-3 Engineering Design

Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts. 



	Science and engineering practices
	Disciplinary core ideas
	Crosscutting concepts

	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.

Refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff considerations.
	PS1.B: Chemical Reactions

In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction determines the numbers of all types of molecules present.

ETS1.A: 

ETS1.B: 

ETS1.C: Optimizing the Design Solution

Criteria may need to be broken down into simpler ones that can be approached systematically, and decisions about the priority of certain criteria over others (trade-offs) may be needed.
	Stability and Change

Much of science deals with constructing explanations of how things change and how they remain stable.

Systems and System models

Defining the system under study—specifying its boundaries and making explicit a model of that system—provides tools for understanding and testing ideas that are applicable throughout science and engineering.

	Connections to the CA CCSSM: 

	Connections to CA CCSS for ELA/Literacy: 

	Connection to CA ELD Standards: 


Vignette Debrief

This activity illustrates 3-D learning as students address performance expectation HS-PS1-6 to illustrate understanding of the disciplinary core ideas related to chemical equilibrium (PS1.B). In addition, students address all three Engineering, Technology, and applications of Science (ETS) DCIs. They define and delimit the engineering problem (ETS1.A) while working towards criteria and within constraints. They develop possible solutions (ETS1.B) and share their findings with the class through online lab reports. Finally, students optimize their design solutions (ETS1.C) using evidence obtained from their experiments.
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Figure 17 As students proceed through this learning event, they engage in all aspects of the NGSS engineering cycle. (NGSS Lead States 2013a)

As students proceed through the engineering cycle in this activity (Figure 17, they employ most of the NGSS science and engineering practices. First they define the problem: to design a chemical system that will result in the greatest yields at equilibrium given the constraints of the resources provided and the time allotted. Next, they develop and employ models as they apply LeChâtelier’s Principle to chemical equations. They then plan and carry out investigations to determine success as measured by predicted color changes. They then analyze and interpret data to determine factors related to increased yield. Using this data, they construct explanations and design improved solutions and engage in arguments from evidence to defend their new chemical systems. Throughout the activity, students obtain and evaluate data, and communicate their findings by posting in their online lab reports.

It should be emphasized that this learning event employs a variety of crosscutting concepts, particularly systems and system models, as students develop and apply models of equilibrium to chemical environments, and stability and change, as they design environments to disturb equilibrium to increase product yield. After evaluating such data, students defend their redesigns by providing arguments of presumed cause and effect. 
It should be noted that Mr. S’s lessons address portions of most of the high school ETS performance expectations. This lesson addresses global challenges (HS-ETS1-1) related to increasing world food production. In addition, students address complex real-world problems as they learn how to increase the efficiency of chemical systems, examining the effect of single variables at a time (HS-ETS1-2). Finally, each student presents their solutions for maximizing yield within the constraints of the resources provided and the time allotted (HS-ETS1-3).

	Snapshot of a Chemistry Lesson:  Chemical Energetics

	The ability to develop and use models is emphasized as a science and engineering practice in NGSS, as well as a standard for mathematical practice in the Common Core State Standards. CCSS math practice-4 (MP-4) states that high school students should be able to identify important quantities in a practical situation and map their relationships using such tools as diagrams, two-way tables, graphs, flowcharts and formulas. Having taught for a number of years, Mr. S realizes that his chemistry students often memorize diagrams and charts presented in the textbook, while developing little appreciation of what such models represent as well as only a limited understanding of the complex phenomena that they represent.

In an effort to build the science and engineering practice of developing and using models, while addressing the requirements of HS-PS1-4 (Develop a model to illustrate that the release or absorption of energy from a chemical reaction system depends upon the changes in total bond energy), Mr. S develops a two-day lesson as part of a larger unit on chemical reactions to help students discover the power and limitations of models. At the beginning of class, Mr. S distributes reusable hot and cold packs, used to treat sports injuries, and instructs his students to flex the bags, feel the change in temperature, measure the temperature change using infrared thermometers obtained from the local building supply store, and record these change in a collaborative online database. Despite variations in individual recordings among classmates, students will notice similar patterns in the temperature gains or losses for the hot and cold packs.

California ELA Vocabulary and Concept Development Standard 1.2 for grades 11-12 requires students to apply knowledge of Greek, Latin, and Anglo-Saxon roots and affixes to draw inferences concerning the meaning of scientific and mathematical terminology. Mr. H. writes the words “endothermic” and “exothermic” on the board and asks students to enter as many words as they can know or can find that use the roots: end-, ex- and therm- into an online form. Within a couple of minutes, the collaborative cloud-based list has grown to include: endoskeleton, endosperm, endocrine,  endometrium, endothermic, endemic, endoparasite, endoderm; exoskeleton, exocrine,  exotic, extraterrestrial, extinct, exit, exoderm; and homeotherm, thermometer, thermistor, ectotherm, poikilotherm, thermophilic, thermoregulation, thermochemistry, endothermic, exothermic, thermodynamics, thermoelectric, thermocouple, thermonuclear, and thermal. Mr. S then prompts his students to predict the meaning of these roots based upon the meanings shared by the words that contain them. Mr. S monitors their predictions as they enter them in an online database and calls upon students who have demonstrated understanding, but who have not shared with the class recently, to explain the meanings of these roots and predict the meanings of the words “endothermic” and “exothermic”. After clarifying that endothermic means “absorbing heat”, while exothermic means “releasing heat”, Mr. S asks students to identify the hot and cold pack reactions as being either endothermic or exothermic, and once again assesses their responses in the cloud-based spreadsheet. 

Confident that his students have an intuitive understanding of exothermic and endothermic reactions as well as the vocabulary to describe these reactions, Mr. S projects Figure 6 on the screen (graphs, diagrams and drawings that illustrate the release or absorption of energy from chemical reactions) and prompts students to submit to the cloud-based database their observations of patterns among the various graphs. Scanning student responses, Mr. S formatively assesses the ability of his class to observe salient patterns, and notices that the majority have noted that multiple drawings include one or more of the following features: two axes, time/progress axis, energy/enthalpy axis, changing molecular models, changing chemical formulas, changing energy values, and/or arrows indicating that energy is absorbed or released. Mr. S then selects Isabella, a student who has not had an opportunity to share in the last few days, to explain her observations. Isabella is confident that she has something significant to share, because she knows that Mr. S pre-screens student responses in the cloud and only calls on students who have demonstrated that they have something worthy of sharing. Isabella comments on the similarities and differences between the diagrams and explains that the first reaction in Figure 6(a) may represent the heat pack while the second reaction in Figure 6(a) may represent the cold pack. Mr. S then asks other students to share their observations and concludes by emphasizing that there are multiple ways to model or represent natural phenomena, and that each has its strengths and weaknesses. He then emphasizes that some models are better at explaining or predicting phenomena than others, and that we should strive to improve our models of the natural world to better explain the complex processes they represent. 

Mr. S emphasizes the idea that a chemical reaction affects the energy change of a system and can be modeled with molecular-level drawings and diagrams of reactions, graphs showing the relative energies of reactants and products, and representations showing energy is conserved as shown in Figure 6. After explaining each model, Mr. S assigns as homework an online quiz that assesses student understanding of each type of model. 

On day-2, students plan and conduct investigations using probes and computer probeware to continuously monitor the temperature change accompanying the following reactions:

(1)  CaO(s) + H2O(l) -→ Ca(OH)2(s)    (lime + water)

(2) NH4NO3(s) +  H2O (l) → NH4+(aq) + NO3-(aq)  (ionization of ammonium nitrate, a fertilizer)

(3) HCl(dilute) + NaOH(dilute) → H2O + NaCl  (neutralization) 

(4) NaCl + H2O → Na+(aq)  + Cl-(aq)  (dissolving table salt)

(5) CaCl2 + H2O → Ca+ (aq) +2Cl-(aq) (de-icing roads)

(6) NaHCO3(s) + HCl(aq) →H2O(l) + CO2(g) + NaCl(aq)  (neutralization)

(7) CH3COOH(aq)+NaHCO3(s) →CH3COONa(aq)+H2O(l)+CO2(g)  (baking soda & vinegar)

(8) C12H22O11 + H2O (in 0.5M HCl) → C6H12O6 (glucose) + C6H12O6 (fructose)  (decomposing table sugar)

(9) KCl + H2O → K+(aq)  + Cl-(aq)  (dissolving potassium chloride)

(10) NaCl + CH3COOH(aq) → Na+(aq)  + CH3COO- + HCl (preparing HCl to clean tarnished metals)

Students take screen captures of the temperature plots and classify each reaction as endothermic or exothermic, and represent it using two or more of the model-types shown in Figure 6, or an additional model type that they have developed on their own. When writing their lab reports, students apply scientific principles and evidence to construct explanations for the thermal changes that they have observed in each reaction. 

Science and engineering practices
Disciplinary core ideas
Crosscutting concepts
Developing and using models

Planning and carrying out investigations

Constructing explanations

PS1.A:  A stable molecule has less energy than the same set of atoms separated; one must provide at least this energy in order to take the molecule apart. 

PS1.B: Chemical processes, their rates, and whether or not energy is stored or released can be understood in terms of the collisions of molecules and the rearrangements of atoms into new molecules, with consequent changes in the sum of all bond energies in the set of molecules that are matched by changes in kinetic energy. 

Patterns 

Energy and Matter

Stability and Change



	

	Connections to the CA CCSSM:  MP. 4



	Connections to CA CCSS for ELA/Literacy: CA ELA 11-12.1.2



	Connection to CA ELD Standards : ELD.P1.11-12.3, ELD.P2.11-12.6c




	Snapshot of a Physics Lesson:  Newton’s Law of Gravitation and Coulomb’s Law

	The ability to develop and use models is emphasized as a science and engineering practice in CA NGSS, as well as a Standard for Mathematical Practice (MP) in the CA CCSSM. MP.4 states: “By high school, a student might use geometry to solve a design problem or use a function to describe how one quantity of interest depends on another.”  Having taught for a number of years, Mr. H realizes that his physics students generally memorize Coulomb’s Law and Newton’s Universal Law of Gravitation without understanding the common geometric principles upon which both are based. Understanding the importance of crosscutting concepts, Mr. H develops a one-day lesson as part of a larger unit on forces to help students discover the predictive power of the geometric principles underlying energy or forces that radiate from an origin. Prior to his lesson, Mr. H collaborates with the math teachers in his school to insure that students in his physics class will have familiarity with the geometry of a sphere and understand how the surface area of a sphere is calculated. 

As the class opens, students are engaged in a warm-up activity that requires them to estimate the surface area of ping pong balls, baseballs, tennis balls, volleyballs, soccer balls, and basketballs. Although there is initially some confusion, students soon realize that they can estimate the radius of each ball with a ruler and subsequently estimate its surface area using the formula[image: image43.png]


. (MP.2, MP.4). Mr. H has prepared a dynamic, Internet-based collaborative spreadsheet where students submit their measurements using their smartphones. The measurements are automatically added to a plot of surface area as a function of radius that he projects at the front of the class. Students observe that the shape of the surface area to radius graph that develops as students enter their data resembles one half of a parabola.

Mr. H subsequently projects Figure 4 on the screen (equations that show how the intensity of radiation, sound, illumination, magnetism, electrostatic interaction, and gravity vary as a function of distance) and prompts students to electronically submit written observations of patterns between each phenomenon and within each phenomenon as distances are scaled up (RST.11-12.9). Scanning student responses, Mr. H formatively assesses the mathematical thinking of his class and notices that the majority have observed that each equation has an r-squared value in the denominator. He then selects Sophia, a student who has not had an opportunity to share in the last few days, to explain her observations. Sophia is confident that she has something significant to share, because she knows that Mr. H pre-screens student responses in the cloud and only calls on students who have demonstrated understanding of the question. Sophia explains that the intensities vary as the inverse square of the radius from the source. (SL.11-12.4)

The students subsequently engage in a think-pair-share activity where they develop a model to illustrate how intensity varies with distance using any resource in the laboratory. Walking around the room, Mr. H notices that Tom and Min have used a marker to color a square of given dimensions on a balloon and are proceeding to inflate the balloon and observe how the color of the square gets lighter as the balloon is inflated. As Joshua and Maria observe Tom and Min, they get the idea to do the same, but use their cell phones to video their balloon as it is inflated so that they will have a permanent record to share with the class. Julia and Tae realize that Joshua and Maria have a good idea, but are lacking a scale, and improve upon their design by including a ruler in the background. Mr. H subsequently asks all three teams to share their ideas, and then asks Julia and Tae to wirelessly send their movie to the data projector so the class can observe the model (SL.11-12.5). Students now estimate the surface area of the balloon at three different radii and note how the intensity of the marker color decreases significantly with increasing radius.

Once again, Mr. H opens a cloud-based form, asking students to explain what they have observed and learned through this activity. He selects students who have demonstrated that they have something significant to contribute, but have not yet had the opportunity to share with the class. Mr. H has noted that using cloud-based collaborative documents to formatively assess and pre-screen contributions insures engagement and participation of all students. This strategy yields more confident and useful responses from students because they know that they are called on only when they have demonstrated in writing that they have something significant to contribute. 

Mr. H carefully moderates student contributions, and using Socrative questioning, leads the class in the development of a collective model of the inverse square law and an understanding of how it applies to radiating forces such as gravity and electromagnetism. During the discussion, students comment that they built upon the ideas of their peers, and Mr. H uses this opportunity to emphasize the value of collaboration and the iterative process of designing, building, testing, analyzing, and redesigning in engineering endeavors (ETS1.C). Students now complete an online quiz in which they use mathematical representations of Newton’s Law of Gravitation and Coulomb’s Law to describe and predict the gravitational and electrostatic forces between objects as required by HS-PS2-4.

Science and engineering practices
Disciplinary core ideas
Cross cutting concepts
Developing and using models

Using mathematics and computational thinking

PS2.B: 

Newton’s law of universal gravitation and Coulomb’s law provide the mathematical models to describe and predict the effects of gravitational and electrostatic forces between distant objects. 

ETS1.C  Optimizing the design solution

Patterns 

Scale, proportion, and quantity



	

	Connections to the CA CCSSM:  MP.2, MP.4



	Connections to CA CCSS for ELA/Literacy: RST.11-12.9, SL.11-12.4, SL.11-12.5


	Connection to CA ELD Standards :.PI.11-12.3



	Connections to the CA EP&Cs: 

none


High School Vignette

Energy Conversion

The vignette presents an example of how teaching and learning may look in a physics classroom when the CA NGSS are implemented. The purpose is to illustrate how a teacher engages students in three-dimensional learning by providing them with experiences and opportunities to develop and use the science and engineering practices and the crosscutting concepts to understand the disciplinary core ideas associated with the topic in the unit.

It is important to note that the vignette focuses on only a limited number of performance expectations. It should not be viewed as showing all instruction necessary to prepare students to fully achieve these performance expectations or complete the unit. Neither does it indicate that the performance expectations should be taught one at a time. 

The vignette uses specific classroom contexts and themes, but it is not meant to imply that this is the only way or the best way in which students are able to achieve the indicated performance expectations. Rather, the vignette highlights examples of teaching strategies, organization of the lesson structure, and possible students’ responses. Also, science instruction should take into account that student understanding builds over time and that some topics or ideas require activating prior knowledge and extend that knowledge by revisiting it throughout the course of a year.

Introduction

Students who are proficient in science understand the core ideas associated with the major scientific disciplines, and are able to reason like scientists and engineers in applying crosscutting concepts across disciplinary lines to build evidence-based models and explanations. Accordingly, each of the CA NGSS performance expectations employs science and engineering practices, disciplinary core ideas, and crosscutting concepts to engage students in three-dimensional (3D) learning. A 3D learning environment encourages students to reason and plan like scientists and engineers. The following vignette illustrates 3D learning while addressing the performance expectation expressed in HS-PS3-3: “Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.” Although this lesson focuses on the physics of energy conversion (HS-PS3-3), it also touches on all four high school engineering, technology, and applied science standards, as students employ engineering solutions to address complex real world problems.

Length and position in course - This vignette illustrates a sample two-week learning event that enable students to meet the PE HS-PS3-3, to “design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy, and serves as the culmination to the curricular unit on energy. Prior to this learning event, students have addressed questions such as: “What is energy?” “How do nuclear reactions illustrate conservation of energy and mass?” “What is the relationship between energy and force?” and “How can you model force fields?”  In addition, they have gained experience developing and using models, and applying the cross cutting concepts of flows, cycles, and conservation of energy and matter.

Prior knowledge - This learning event requires an understanding of the DCI concerning energy introduced in elementary and middle school science and developed more fully within the preceding curriculum in the high school physics course:  definitions of energy (PS3.A), conservation of energy and energy transfer (PS3.B), relationship between energy and forces (PS3.C), and energy in chemical processes (PS3.D). In addition, this learning event is built upon the Engineering, Technology, and Applications of Science (ETS) core ideas introduced in both elementary and middle school science classes:  Defining and delimiting engineering problems (ETS1.A), developing possible solutions (ETS1.B), and optimizing the design solution (ETS1.C). 

Mr. H is a physics teacher in an urban, multi-ethnic, high school with a large percentage of English learners. He has adopted the 3D learning paradigm (emphasizing disciplinary core ideas, science and engineering practices, and crosscutting concepts) that assumes learning is an active, contextualized process of constructing knowledge. He has designed this series of lessons to provide opportunities for his students to construct their own understanding through well-designed experiences and reflections. Towards this end, he employs the 5E Instructional model (BSCS 2015), (See the Instructional Strategies chapter for more information on the 5E instructional model.)

Days 1 – Engagement
One of the many ways to engage students in learning is to introduce them to surprising and interesting facts and concepts related to a topic of personal relevance. High school students are familiar with food and sports, but may have little understanding about the energy-based connections between them. For example, they have probably never pondered how many French fries must be consumed to run a 5K race. To engage students in a lesson on energy conversion, Mr. H provides an activity that will help answer such questions. 

Students with smart phones are encouraged to download free cell-phone GPS-tracking apps (e.g., Strava®) that map routes, analyze motion, and estimate energy expenditure. He then encourages them to activate the app while walking, jogging, or cycling and to submit their results anonymously to a common database. The results (see Figure 6) are subsequently posted on a lesson website and students are asked to rank the various activities in terms of energy expenditure. On the same webpage, students find a link to a website that provides nutritional information for various fast foods. Mr. H then directed to select foods and portions that will provide equivalent energy content to fuel selected activities. As the lesson progresses, one can hear exclamations such as “Wow, I had no idea that a medium fries could give me enough energy to walk for nearly two hours!” or “Oh no, I need to run 40 minutes just to burn off the 380 Calories I acquired from those fries!”  Such comments indicate that the students are engaged in the lesson and now ready to talk about explore the concept of energy conversion. 
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Figure 6  The concept of energy is better understood when personalized. GPS-enabled mobile apps, such as the one illustrated in a screen recorded from ®Strava, allow students to record their movement with a 2D map, elevation profile, speed profile, and estimated energy expenditure for various exercises, providing information for a personalized understanding of energy requirements for various exercises. (Strava 2015)

Prior to the exploration phase, students are shown online videos of modern Rube Goldberg machines. Rube Goldberg machines are purposely over-engineered contraptions that perform simple tasks through indirect, convoluted means. For example, Goldberg’s "Self-Operating Napkin" (Figure 7) is activated when soup spoon (A) is raised to mouth, pulling string (B) and thereby jerking ladle (C), which throws cracker (D) past parrot (E). The parrot jumps after cracker and perch (F) tilts, upsetting seeds (G) into pail (H). Extra weight in pail pulls cord (I), which opens and lights automatic cigar lighter (J), setting off skyrocket (K) which causes sickle (L) to cut string (M) and allow pendulum with attached napkin to swing back and forth, thereby wiping chin. These amusing devices engage learners and provide an opportunity to discuss processes of energy transfer through a long series of events or interactions.
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Figure 7  Rube Goldberg machines, such as (a) the Self-Operating Napkin, or (b) the immensely popular internet video “This too shall pass” by Mindshare LA,  are purposely over-engineered contraptions that perform simple tasks through indirect, convoluted means. Such entertaining machines can be used to engage learners in concepts of energy conversion. (OK Go 2014)

Day 2 – Explore
During the engagement phase, students participated in activities that illustrated the conversion of chemical potential energy in foods into the kinetic energy of exercise. During the exploration phase, students are encouraged to experiment with and examine processes of energy conversion with inanimate objects. Returning to the class assignment Web page, students find a form prompting them for information regarding energy consumption in their homes. Students record the amount of energy consumed during a 24-hour period (as reported on their home electric meters) as well as the approximate number of minutes each light, appliance, and utility was operating during this period. When they arrive at class, students take note of electricity usage monitors (e.g., Kill a Watt®) connected to the data projector, fan, instructor computer, and other electric-powered devices within the classroom, and record the amount of energy each uses during the class period. As they enter data in online forms, students are prompted to identify types of energy conversions associated with each device. For example, fans convert electrical energy into the kinetic energy of the fan blades, while a toaster converts electrical energy to heat energy, and a data projector converts electrical energy to light energy. 
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Figure 8  (a) Traditional magnetos or (b) modern hand-crank generators can be used to promote an intuitive understanding of energy conversion as mechanical energy is converted to electrical energy and then to light, motion, heat, sound, or other forms of energy. (Arbor Scientific 2015)

To promote a more intuitive understanding of energy conversion, students are provided with hand-crank generators (Figure 8) and given the opportunity to power a variety of simple direct current devices including light bulbs, electromagnets, fans, and motors. As students crank the generators, they feel the resistance created by the devices and gain an appreciation for how much energy is needed to power these devices, as well as for how energy is converted from chemical bonds in food, through muscle movement of their hands, and through electromagnetic energy in the generator into light, heat, motion, and other forms of energy. 

Days 3–4 – Explain
Based upon their discoveries during the exploration phase, students generate explanations regarding energy conversion processes. They are then asked to draw flowcharts to illustrate how thermonuclear energy in the sun is ultimately converted into energy to power our cars, heat our homes, and power our computers. Figure 9 illustrates such a flow chart. As students gain an understanding of the various forms of energy and the processes of energy conversion, they are better prepared to discuss the physics behind these energy conversion processes. 
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Figure 9  Learners can generate explanations of energy conversion processes using flow charts and other types of concept maps such as the one illustrated above. Numerous online concept-mapping applications are available and may incorporate audiovisual material into the diagrams. 

Students now observe and analyze demonstrations, diagrams, and simulations to better understand the physics of energy conversion in such things as waterwheels (gravitational potential to kinetic), photovoltaic cells (solar to electric), solar ovens (solar to thermal), generators (mechanical to electrical), wind turbines (kinetic to electrical), heating coils (electrical to thermal), burners (chemical potential to thermal), motors (electrical to mechanical), and loud speakers (electromagnetic to sound). Note that each of the above can be applied to the task of designing, building, and refining an energy conversion device that meets the demands of HS-PS3-3.

Students gain further understanding of energy transfer by manipulating variables and observing effects in online simulations such as the PhET (phet.colorado.edu) activity illustrated in Figure 10. Mr. H assess student understanding of energy conversion by offering quizzes associated with these simulations
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Figure 10  Online simulations, such as this one on energy forms and changes by PhET, provide the opportunity to quickly manipulate variables and observe and study effects of complex systems. (PhET Interactive Simulations 2015)

Day 5–9 – Extend, Elaborate

Now that students have a basic understanding of the physics of energy transfer, they are prepared to address performance expectation HS-PS3-3, which extends student understanding of energy conversion by requiring learners to “design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.” 

Mr. H introduces this lesson with a series of statistics and photos on the global ecological problem of deforestation, and then reads the following paragraph from the World Wildlife Federation: 

Forests cover 31% of the land area on our planet. They produce vital oxygen and provide homes for people and wildlife. Many of the world’s most threatened and endangered animals live in forests, and 1.6 billion people rely on benefits forests offer, including food, fresh water, clothing, traditional medicine, and shelter. But forests around the world are under threat from deforestation, jeopardizing these benefits. Deforestation comes in many forms, including fires, clear-cutting for agriculture, ranching and development, unsustainable logging for timber, and degradation due to climate change. This impacts people’s livelihoods and threatens a wide range of plant and animal species. Some 46–58 thousand square miles of forest are lost each year—equivalent to 36 football fields every minute. Forests play a critical role in mitigating climate change because they act as a carbon sink—soaking up carbon dioxide that would otherwise be free in the atmosphere and contribute to ongoing changes in climate patterns. Deforestation undermines this important carbon sink function. It is estimated that 15% of all greenhouse gas emissions are the result of deforestation. (WWF, 2015)

Mr. H then discusses the problem of desertification, the process in which fertile land is transformed into desert as a result of deforestation, drought or inappropriate agriculture, and explains that much desertification in developing countries results from people cutting and burning vegetation for fuel. Those who do not have access to natural gas, coal, or electricity, collect and burn firewood to keep warm, cook food, and purify water, and this exacerbates the problem of deforestation and desertification. The problems of deforestation and desertification are examples of the kind of complex real-world problems that students are expected to analyze to meet performance expectation HS-ETS1-1. Mr. H then explains that a number of organizations are encouraging the use of solar cookers in developing countries to reduce the need for firewood and then proceeds with the following solar cooker engineering challenge. Breaking down a complex real-world problem into manageable problems that can be solved through engineering is the skill called for in HS-ETS1-2.
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Figure 11  The engineering cycle can be applied in all science courses (NGSS Lead States 2013a)

Solar Cooker Engineering Challenge – All engineering projects have criteria for success as well as constraints in design and construction. Mr. H introduces the criteria and constraints of this activity in the context of the CA NGSS high school engineering cycle (Figure 11). First, the problem is defined as a competition:  Design and build a solar cooker that reaches a higher temperature in ten minutes than any other design. Student engineers must direct the maximum amount of sunlight to the food by reflection where it is converted to thermal energy. In addition, they must employ insulation to minimize heat loss from the food. To emphasize engineering constraints, students must design their solar ovens using only resources provided by the instructor, in quantities specified by the instructor. Mr. H presents a variety of resources including scissors, string, straws, infrared thermometers, cardboard boxes, tape, aluminum foil, plastic food wrap, paint of various colors, paint brushes, poster board, brass brads, pencils,  nuts, bolts, stiff copper wire, wire cutters, small mirrors, rubber cement, white glue, duct tape, utility knife, felt marker, meter sticks, oven bags, paper, and chocolate squares. Before students can start the build, they must submit a digital photo of their design with a rationale for all of its features (Figure 12). Once plans are approved by the instructor, students are given the opportunity to implement and test their designs. The minimum criteria for success is the ability to melt chocolate squares within ten minutes of exposure to the sunlight. (Note that the amount of time is variable depending on air temperature and the amount of solar radiation.) Although many oven designs may be successful in meeting this basic criteria, there is competition for the hottest oven, as measured through the use of infrared thermometers. 
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Figure 12  Sample designs for solar ovens for converting light energy into thermal energy. Students can get ideas for optimizing their own designs by examining the designs of their peers. (Herr 2008, 180)

Evaluate – Once the competition is complete, students are instructed to write lab reports in which they include their design, rationale, results, and recommendations for improvement. The lab reports are presented in collaborative online documents that are shared with their classmates. 

Students are then instructed to read the online lab reports of their classmates and re-design their solar ovens based upon this “published” data. They must edit their online lab reports to include the new designs with written justifications, making certain to cite the findings and lab reports of their peers. Their lab reports must use academic language and incorporate relevant terminology such as radiation, reflection, conduction, convection, insulation, temperature, and energy transfer.

Optimization - A second competition is scheduled and once again students record maximum temperatures and write addendums to their lab reports to describe features employed to optimize their designs. Following the second competition, students record and compare their results. Next, they are allowed to change only one variable at a time, recording the maximum temperature attained with each change and evaluating the effect of each change. After three adjustments, a third competition is conducted. This iterative process of designing, building, testing, analyzing, and redesigning is illustrative of the competence described in HS-ETS1-3, which also includes the idea that even successful designs must be socially and culturally acceptable and have minimal environmental impacts. 

	Performance Expectations

	HS-PS3-3

HS-ETS1-1

HS-ETS1-2

HS-ETS1-3



	Science and engineering practices
	Disciplinary core ideas
	Crosscutting concepts

	Developing and using models

Asking questions (for science) and defining problems (for engineering)

Planning and carrying out investigations

Analyzing and interpreting data

Constructing explanations (for science) and designing solutions (for engineering)

Engaging in argument from evidence

Obtaining, evaluating, and communicating information
	PS3.B: Conservation of Energy and Energy Transfer

Energy cannot be created or destroyed, but it can be transported from one place to another and transferred between systems. 

PS3.A: Definitions of Energy

At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound, light, and thermal energy. 

PS3.D: Energy in Chemical Processes

Although energy cannot be destroyed, it can be converted to less useful forms—for example, to thermal energy in the surrounding environment. 

ETS1.A: Defining and Delimiting Engineering Problems

ETS1.B: Developing Possible Solutions

ETS1.C: Optimizing the Design Solution


	Energy and matter

Patterns

Cause and effect: Mechanism and explanation

Systems and system models

Structure and function


	Connections to the CA CCSSM: <CDE TO PROVIDE>

	Connections to CA CCSS for ELA/Literacy: <CDE TO PROVIDE>

	Connection to CA ELD Standards: <CDE TO PROVIDE>


Vignette Debrief

This activity illustrates 3D-learning as students address performance expectation HS-PS3-3 to illustrate understanding of the disciplinary core ideas (DCI) related to energy (PS3.A, PS3.B, PS3.D). In addition, they address all three Engineering, Technology, and Applications of Science DCIs. They define and delimit the engineering problem (ETS1.A) while setting criteria and constraints for their solar ovens. They then develop possible solutions (ETS1.B) and share their findings with the class. Finally, students optimize their design solutions (ETS1.C) using evidence obtained from their own experiments as well as those of others. 

As students proceed through the engineering cycle in this activity [Figure 11], they employ most of the science and CA NGSS science and engineering practices. First they define the problem to develop the most efficient solar oven given constraints of resources and time. Next, they develop and employ models as they design and build their solar ovens. They then plan and carry out investigations to determine the rate at which their solar oven will heat food. They then analyze and interpret data of their classmates to determine factors related to the efficiency of solar oven designs. Using this data and concepts of energy transfer (HS-PS3-3), they construct explanations and design improved solutions and engage in arguments from evidence to defend their new designs. Throughout the activity, they obtain and evaluate the data of others and communicate their own findings. 

It should be emphasized that this learning event employs a variety of crosscutting concepts, particularly related to energy and matter. Students look for patterns in data as they examine each other’s lab reports prior to the redesign of their ovens. After evaluating such data, they defend their redesigns by providing arguments of presumed cause and effect. Finally, they describe the structure and function of their designs as they develop and explain their models of energy transfer. 

Mr. H’s lessons address three of the four high school ETS PEs. This lesson addresses the global challenges (HS-ETS1-1) of deforestation and desertification. Students address these complex real-world problems as they design solar ovens, examining the effect of single variables at a time (smaller, more manageable problems) (HS-ETS-2). Finally, each of the solar ovens is designed and built within specified constraints (HS-ETS-3). The fourth performance expectation involves use of a computer simulation to model the impact of proposed solutions for a complex real-world problem, which could certainly be added to this activities.

	Earth and Space Science (4 Course Model) Snapshot: "Dear Editor," evaluating climate change graphs



	Earlier in the year, Ms. Q had her students read about how to evaluate the scientific arguments made in media sources using a checklist called the Science Toolkit from the UC Museum of Paleontology (http://undsci.berkeley.edu/article/sciencetoolkit_01). She now has them read two Internet articles with radically different headlines that each use a graph of global temperature as evidence. Students work in pairs to evaluate the two articles based on the criteria outlined in the Science Toolkit. Walking around the room, Fernando asks her about the sources: "this article is from NASA, but what is the Daily Mail? Who wrote it?" She encourages him to do a quick Internet search about the newspaper's editorial board. A bit later, Cynthia mentions that both articles use graphs, "but they look totally different." 



	Global warming stopped 16 years ago, reveals Met Office report quietly released... and here is the chart to prove it

Long-Term Global Warming Trend Continues
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	Ms. Q then asks the whole class to discuss the graphs and construct an argument about which graph contains stronger evidence. Ali notices that one graph includes a much longer span of time, "and climate is supposed to be a long term thing." Jenni says, "this graph has four lines from scientists all over the world that all show the same ups and downs. That shows science is repeatable, and I like that." To conclude the lesson, students write letters to the editor in response to the Daily Mail article articulating their argument. 



	Connections to the CA NGSS:

Science and engineering practices
Disciplinary core ideas
Cross cutting concepts
Obtaining and evaluating information; Engaging in argument from evidence
ESS3.D Global Climate Change (analyzing geoscience data about the rate of climate change is part of HS-ESS3-5)
Scale (timescales of the graphs)


	Connections to the CA CCSSM: MP. 1, MP. 2, MP. 3

	Connections to CA CCSS for ELA/Literacy: WHST.9-10.4, WHST.9-10.6, WHST.9-10.9, WHST.9-10.10, RST.9-10.1, RST.9-10.7, RST.9-10.9.

	Connection to CA ELD Standards : ELD.PI.9-10.1.Ex, ELD.PI.9-10.2.Ex, ELD.PI.9-10.3.Ex, ELD.PI.9-10.6a-b.Ex, ELD.PI.9-10.11a.Ex, ELD.PII.9-10.1.Ex

	Connections to the CA EP & Cs: 

Principle II (Ecosystems are influenced by human societies)


	Earth and Space Science (4 Course Model) Snapshot: Asking questions about patterns in stars

	Students review a table of a number of properties of the 100 nearest stars and the 100 brightest stars using a spreadsheet. To analyze the data, they construct graphs of different properties looking for patterns. They find that many of the factors are uncorrelated (“It looks like bright stars can be located both near and far from us.”), but they should see a definite pattern between brightness and temperature—hotter stars are brighter and colder stars are dimmer. They may begin with a linear scale, but with such a large range in the brightness of stars (less than 1% as bright up to 100 times brighter than the Sun), they discover will need to adjust to a logarithmic scale.
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Anaya: Not all the bright stars are hot, though. Are those outliers?

Cole: And not all the dim stars are cold.

Ms. M.: Why do you think that is? Should we graph more data?

Jordan: Maybe those dim ones are farther away.

Diego: I don’t think so. We graphed distance versus brightness and there wasn’t any trend. But I’ll look specifically at the data for those stars to make sure.

Jordan: Well maybe they’re smaller then. If they’re small, maybe they wouldn’t be very bright even if they were hot. 

Anaya: And maybe those cold ones would be bright if they were really big.

Students ask questions that lead them to further investigation. The example student dialog is idealized, but effective talk moves can help structure conversations so that students move towards this ideal (as outlined in the chapter on Instructional Strategies). 

This pattern in the data was discovered by Ejnar Hertzsprung and Henry Russell around 1910 and is commonly referred to as a Hertzsprung-Russell (H-R) Diagram. It appears in several different forms including color or “spectral type” instead of temperature. Like the coals in a fire, cooler stars are red and hotter stars are orange, yellow, or even blue. (Several online simulations are available to allow students to explore this relationship between temperature and color.) Students can add this relationship to their model of the Sun’s energy emissions (HS-ESS1-1) because it helps explain the overall broad range of colors emitted by the Sun in Figure 17. It relates to the star’s lifecycle because most of the stars fall along the central diagonal line in the H-R diagram, which is referred to as the main sequence. As they move through their life cycle and stop fusing elements in their core, stars plot in different sections of the H-R diagram than they did during their main sequence.

	Connections to the CA NGSS:

Science and engineering practices
Disciplinary core ideas
Cross cutting concepts
Asking questions

Analyzing and Interpreting Data
ESS3.D Global Climate Change (analyzing geoscience data about the rate of climate change is part of HS-ESS3-5)
Patterns


	Connections to the CA CCSSM: MP.1, MP.2, MP.3, MP.7, S-ID 3, S-ID 9, S-IC 6

	Connections to CA CCSS for ELA/Literacy: W.9-10.6, SL.9-10.1a-d, RST.9-10.1, RST.9-10.7, RST.9-10.9, WHST.9-10.7

	Connection to CA ELD Standards :  ELD.9-10.P1.1.Ex–Br, ELD.9-10.P1.3.Ex–Br, ELD.9-10.P1.10.Ex–Br

	Connections to the CA EP & Cs: none


Snapshot: Science and Engineering Practices and the History of Gravity

The CA NGSS learning progression mirrors the historical development of our understanding of gravity and orbital motion. In 1576, Danish scientist Tycho Brahe set up the world’s most sophisticated astronomical observatory of its time. He methodically investigated and recorded the motion of celestial objects across the sky. Just before he died, Brahe took on Johannes Kepler as a student who analyzed the data to develop a simple descriptive model. Even though his model did a superb job of predicting the motion of objects in the sky, it was incomplete because it couldn’t explain the fundamental forces driving the motions. In late 1600’s, Isaac Newton extended Kepler’s model by describing the nature of gravitational forces. From his fundamental equations of gravity, Newton was able to derive Kepler’s geometric laws and match the observations of Brahe. Despite the fact that Newton’s work was revolutionary, he became so well-known because his book, Principia Mathematica, did such a good job of communicating information. In the CA NGSS, elementary students mirror the work of Brahe, recognizing patterns in the sky (1-ESS1-1, 5-ESS1-2). In middle school, students mirror the work of Kepler by making simple models that describe how galaxies and the solar system are shaped (MS-ESS1-2). In high school, students add mathematical thinking to their descriptive model (using Kepler’s laws, HS-ESS1-4) and then finally extend their model to a full explanation with the equations of the force of gravity from Newton’s model (HS-PS2-4). 

Even though students quantitatively describe the force of gravity in physical science (HS-PS2-4), deriving Kepler’s Laws for elliptical orbits directly from the gravitational force is beyond the mathematical scope of many students. Instead, focus should be on interpreting the evidence of the orbital period of different bodies in our solar system, including planets and comets. These laws form an excellent illustration of the crosscutting concept of scale, proportion, and quantity. By comparing the distance of objects away from the Sun and the time it takes them to complete one orbit, students recognize a pattern. Table 2 shows that the ratio determined by Kepler (orbital period squared divided by orbital distance cubed) is nearly constant for objects in our solar system. Students can calculate this ratio for Earth and other planets and then make measurements of the orbital path of comets to try to estimate how often they will return. The ratio is only true for objects orbiting the same body (illustrated by the dramatically different ratio for the Moon in Table 2), but students can use measurements of the Moon to predict the height of satellites in geosynchronous orbit (they have an orbital period of exactly one day, which allows them to always be in the same position in the sky. Satellite TV receives signals from these satellites), or the orbital period of the International Space Station from its height above Earth. Students can also use the more complete form of Kepler’s laws to calculate the mass of distant stars using only the orbital period of newly discovered planets that orbit them.

Table 2. Objects far away from the Sun take longer to orbit it, but ratios using Kepler’s Laws are nearly the same for all bodies in our solar system. 

	Planet
	Period

(yr)
	Average Distance
(AU)
	Kepler’s ratio: T2/R3 (yr2/AU3)

	Mercury
	0.241
	0.39
	0.98

	Venus
	0.615
	0.72
	1.01

	Earth
	1
	1
	1.00

	Mars
	1.88
	1.52
	1.01

	Jupiter
	11.8
	5.2
	0.99

	Saturn
	29.5
	9.54
	1.00

	Uranus
	84
	19.18
	1.00

	Neptune
	165
	30.06
	1.00

	Pluto
	248
	39.44
	1.00

	Halley’s comet
	75.3
	17.8
	1.00

	Comet Hale Bopp
	2,521
	186
	0.99

	Moon (relative to Earth)*
	0.0766
	0.00257
	345667*


* Kepler’s ratio only works for objects orbiting around the same body. Since Moon orbits Earth, its ratio should be much different.

Engineering Connection: Satellite orbits

When a company spends millions of dollars to launch a communications satellite or the government launches a new weather satellite, they employ computer models of orbital motion to make sure these investments will stay in orbit. These models are based on the exact equations introduced in the CA NGSS high school courses. In fact, students can gain a deeper understanding of the orbital relationships and develop computational thinking skills by interacting directly with computer models of simple two-body systems. Even with minimal computer programming background, students could learn to interpret an existing computer program of a two-body gravitational system. They could start by being challenged to identify an error in the implementation of the gravity equations in sample code given to them. Next, students modify the code to correctly reflect the mass of the Earth and a small artificial communications satellite orbiting around it. They can vary different parameters in the code such as the distance from Earth or initial speed and see how those parameters affect the path of the satellite. At what initial launch speeds will the satellite stay in orbit versus spiral back into Earth’s atmosphere? 

California Department of Education, September 24, 2015
Does It Have to Touch?





Two friends are arguing about forces.  They disagree about whether something has to be touched in order for a force to act.  This is what they say:


2012)


Akiko: “I think two things have to touch in order to have a force between them.”


Fern: “I don’t think two things have to touch in order to have a force between them.”





Which friend do agree with most?_______________





Explain your thinking.  Provide examples that support your ideas about forces. ________________


____________________________________________________________________________________





Keeley and Harrington 2010.





Example group data table


Color of writing implement�
Trial 1-spiral


# of termites following line�
Trial 2- spiral


# of termites following line�
�
Blue sharpie�
�
�
�
Blue pencil�
�
�
�
Blue Ballpoint�
�
�
�
Blue Gel pen�
�
�
�






�


Figure 1.  Space view model.





�


Figure 2.  The Earth view model








� Stellarium: � HYPERLINK "http://stellarium.org" �http://stellarium.org� 


� Sexual vs. Asexual Reproduction accessed at: http://learn.genetics.utah.edu/content/variation/reproduction/


� https://www.youtube.com/watch?v=uQwE8p4Vb7A


� http://channel.nationalgeographic.com/wild/caught-in-the-act/videos/buffalo-herd-counter-attack/


� � HYPERLINK "https://www.youtube.com/watch?v=icaGIeOY9gc" �https://www.youtube.com/watch?v=icaGIeOY9gc�


� http://channel.nationalgeographic.com/wild/caught-in-the-act/videos/buffalo-herd-counter-attack/
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