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Introduction to Grades K–2
Students in kindergarten through fifth grade begin to develop an understanding of the four disciplinary core ideas: physical sciences; life sciences; earth and space sciences; and engineering, technology, and applications of science. In the earlier grades, students begin by recognizing patterns and formulating answers to questions about the world around them. By the end of fifth grade, students are able to demonstrate grade-appropriate proficiency in gathering, describing, and using information about the natural and designed world(s). 
The performance expectations in elementary school grade bands develop ideas and skills that will allow students to explain more complex phenomena in the four disciplines as they progress to middle school and high school. While the performance expectations shown in kindergarten through fifth grade couple particular practices with specific disciplinary core ideas, instructional decisions should include use of many practices that lead to the performance expectations.
(NGSS Lead States 2013a)
This chapter provides descriptions of grade level units from kindergarten through grade two (K–2) in which a few of the Performance Expectations (PEs) have been bundled in each unit and each unit has been coherently organized to link to the others. This is only one way to bundle the PEs in each grade. There are other valid ways of organizing the PEs under different overarching themes.  Therefore, these examples should not be interpreted as the only way to address science instruction in K–2. Teachers should consider their local context as they reflect upon these examples and make decisions regarding the development of their own instructional sequence adapted to best meet their students’ needs. 
In these examples, where possible, an effort was made to bundle PEs from different disciplinary content areas so students have the opportunity early in their education to encounter integration of content from different disciplines in their learning. In some cases, PEs from only one disciplinary core idea have been selected for the bundle in the unit (for example in kindergarten, Unit 1, PS2: Forces and Interactions). This may be because these PEs provide students with background knowledge that is then used in subsequent units or because these PEs are more suitable for teachers to help students develop scientific and engineering practices and explicitly emphasize crosscutting concepts. 
In general, the PEs in each unit bundle allow students to engage in core ideas related to a specific disciplinary topic through the use of the scientific and engineering practices. For each grade level, the PEs are the expected outcomes of student learning. After instruction and learning in a sequence of four units that build on one another, students develop underlying knowledge of the science content and practices. Students engage in multiple practices in the course of each of these units, not only those explicitly indicated in the PEs. Students also focus on one or two crosscutting concepts as tools to make sense of their observations and investigations. Within each unit, students answer questions developed based on the phenomena investigated. This does not mean the use of other crosscutting concepts is not allowed, but the highlighted ones should be the ones used by the teacher to help students bridge disciplinary core ideas across different units. Furthermore, even if not explicitly stated in the CA NGSS, K–2 students should be helped to develop and make constant use of their five senses, as appropriate, to deepen their observations of phenomena.
Each unit bundle of PEs aims to provide an expanded description of the science concepts indicated in the disciplinary core ideas (DCI) that underlie a specific set of PEs. The Clarification Statements and Assessment Boundaries associated with the PEs in the bundle are used where appropriate to suggest students’ investigations consistent with the learning objectives for the unit and aligned with the vision of three-dimensional learning. 
Single lessons are not sufficient to address a given PE.  More than one lesson is needed to address each PE. Single activities are insufficient for students to develop enough breadth and depth of learning for coherent conceptual understanding. A unit bundle of selected PEs allows sufficient breadth of learning to address the key content ideas students need to develop in depth, while also engaging in multiple scientific and engineering practices and the use of crosscutting concepts. 

Table 1 shows the arrangement of the disciplinary core ideas and the sub-component ideas at each grade level and across K–2. In the sequence of units described in this chapter, a different disciplinary topic is chosen as the starting unit for each grade level to give equal importance to every disciplinary core idea. All units are comprised of different sub-component ideas within the same DCI or from different DCIs. For example, Unit 3 in grade one includes all the sub-component ideas associated with the DCI PS4 (Waves and Their Applications). Alternatively, Unit 4 in Kindergarten is comprised of three sub-component ideas (PS3.B, ESS2.D, and ESS3.B) across three different DCIs (PS3, ESS2, and ESS3) to most appropriately address the concepts associated with weather. An extended version of Table 1 showing the progression of the disciplinary core ideas within grades K–2 is presented at the end of this chapter.
The sequence of the units presented in this chapter is one example of how to organize science and engineering instruction across an entire school year.  Other sequences may be equally valid in terms of student learning as long as the instructional sequence of each unit is carefully thought out. Considerations to keep in mind include the amount of observable data students may need to collect across a certain time period in order to observe relevant patterns from the data. For example, unit 4 in kindergarten focuses on weather and climate investigations. In order for this unit to be successful, weather observation and data recording about local weather should be carried out over a period of a week or at different times during the year to allow for some variability in weather conditions and the organization of these observations with respect to the period of the year. Recording data in August and comparing them with the recorded data in February allows students to see a significant drop in temperature. Another example is related to unit 4 in first grade, where the observation and recording of the amount of daylight needs to be carried out throughout fall, winter, and spring so comparisons can be drawn between observations at different times of the year. 

	
	Table 1:  Progressions of Disciplinary Core Ideas in Kindergarten through Grade two.

	
	
	K
	1
	2

	Disciplinary Core Ideas in K–2
	PS1: Matter and Its Interactions
	
	
	PS1.A; PS1.B

	
	PS2: Forces and Interactions
	PS2.A; PS2.B
	
	

	
	PS3: Energy
	PS3.B; PS3.C
	
	

	
	PS4: Waves and Electromagnetic Interactions
	
	PS4.A; PS4.B; PS4.C
	

	
	LS1: From Molecules and Organisms: Structure and Processes
	LS1.C
	LS1.A; LS1.B; LS1.D
	

	
	LS2: Ecosystems: Interactions, Energy, and Dynamics
	
	
	LS2.A

	
	LS3: Heredity: Inheritance and Variation of Traits
	
	LS3.A; LS3.B
	

	
	LS4: Biological Evolution: Unity and Diversity
	
	
	LS4.D

	
	ESS1: Earth’s Place in the Universe
	
	ESS1.A; ESS1.B
	ESS1.C

	
	ESS2: Earth’s Systems
	ESS2.D; ESS2.E
	
	ESS2.A; ESS2.B; ESS2.C

	
	ESS3: Earth and Human Activity
	ESS3.A; ESS3.B; ESS3.C
	
	

	
	ETS1: Engineering Design
	ETS1-1;

ETS1-2;

ETS1-3
	ETS1-1;

ETS1-2;

ETS1-3
	ETS1-1;

ETS1-2;

ETS1-3


See Table XX at the end of this chapter for an expanded description of the sub-components of each disciplinary idea.
Kindergarten

Children in kindergarten are given the opportunity to explore the world around them and learn how to ask questions about phenomena they are able to see, observe, and describe. For this reason, it is important to develop kindergarten students’ ability to observe carefully and with precision using relevant senses (using mainly sight, hearing, and touch; smell only when appropriate.) This ability is particularly useful as students learn to describe their observations in a scientific way, without distorting those observations by preconceptions and/or personal opinions. These scientific observations constitute scientific evidence that provide support to their claims and arguments. In contrast, subjective opinions do not provide evidence that is considered scientific. 
The ability to carefully observe phenomena is important as students start to develop their ability to recognize patterns in their observations and recorded data and then to use the crosscutting concept of patterns to make claims about cause and effect or stability and change in those phenomena. The analyzed patterns of data form the foundation for the evidence students use to support their claims.
The ability to observe and report the visible components of a system or the parts of an investigation becomes important as students develop representational models or diagrams to describe the system or the investigation. 
Table 2 summarizes the PEs included in each unit and the crosscutting concepts that students may use as a tool to make sense of the core ideas. Where appropriate, PEs that integrate science ideas with engineering design are accompanied by one of the three PEs from the K–2 Engineering Design system. The engineering design PE (ETS1) has been chosen to best match the suggested integration. The PEs that suggest an explicit integration with engineering are indicated with an asterisk (*).  
Recommendations on how to include the disciplinary core ideas associated with the engineering design PEs (e.g., ETS1) are presented in the Instructional Strategies Chapter. These units are designed to be taught in this suggested sequence over the span of a school year, not taught individually.
Note that the order of units in this grade level is somewhat flexible, units 2 and 3 could be developed before unit 1, but all three should be grouped together and could even be combined into a longer single unit. The unit on weather, unit 4, requires some pre-planning and collection of weather observations over time, prior to the unit.  Because of this, and also because weather in California at the end of summer and in the fall when school begins is generally rather uniform, this unit is better placed later in the year. The collection of weather data can also be made relevant to questions in the context of units 2 and 3—as students recognize all living things need water, and how living things may change their environment as they access or use the water in it. Students can then connect that need for water to their weather observations about where and when rain occurs.  
Table 2: Summary table of the units in kindergarten.
	Unit 1:

Forces and interactions: pushes and pulls
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Planning and carrying out investigations
· Analyzing and interpreting data

· Defining problems 

· Designing solutions
	· Stability and Change
· Cause and Effect
	K-PS2-1

K-PS2-2*

K-2-ETS1-1


	PS2.A: forces and motion

PS2.B: types of interactions

PS3.C: relationship between energy and forces

ETS1.A: defining and delimiting engineering problems

	
	Brief Summary

	
	Pushing or pulling on an object can change its speed or direction of motion. An object in motion can be stopped or a non-moving object can start moving using pushes or pulls.

	Unit 2:

Needs of animals and plants and their environment


	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Analyzing and interpreting data

	· Systems

· Patterns
	K-LS1-1

K-ESS3-1
	LS1.C: organization of matter and energy flow in organisms

ESS3.A: natural resources

	
	Brief Summary

	
	Animals and plants have needs to live and grow. These needs can be met in the environment where they live.

	Unit 3: Animals and plants can change their environment
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Engaging in argument from evidence
· Analyzing and interpreting data


	· Stability and Change
· Systems
	K-ESS2.2

K-ESS3-3*

K-2-ETS1-1
	ESS2.E: Biogeology

ESS3.C: Human impacts and Earth systems

ETS1.A: defining and delimiting engineering problems 

	
	Brief Summary

	
	Plants and animals can change their environment to meet their needs. Humans also change their environment.

	Unit 4: Weather and climate
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Analyzing and interpreting data
· Defining problems

· Designing solutions
	· Patterns
· Stability and Change
	K-ESS2-1

K-PS3-1

K-PS3-2*

K-2-ETS1-2

K-ESS3-2*

K-2-ETS1-1
	PS3.B: conservation of energy and energy transfer

ESS2.D: weather and climate

ESS3.B: natural hazards

ETS1.A: defining and delimiting engineering problems

ETS1.B: developing possible solutions

	
	Brief Summary

	
	Weather can be described and patterns of weather can be recorded over time.


	Kindergarten-Unit 1: Forces and Interactions: Pushes and Pulls

	What happens when you push or pull on an object?

How can you make an object move faster or in a different direction?

	Highlighted Crosscutting Concepts:  Stability and Change, Cause and Effect

	Highlighted Science and Engineering Practices: 

· Planning and conducting investigations

· Analyzing and interpreting data
· Defining problems 
· Designing solutions

	CA NGSS Performance Expectations:

Students who demonstrate understanding can:
K-PS2-1. Plan and conduct an investigation to compare the effects of different strengths or different directions of pushes and pulls on the motion of an object.  [Clarification Statement:  Examples of pushes or pulls could include a string attached to an object being pulled, a person pushing an object, a person stopping a rolling ball, and two objects colliding and pushing on each other.] [Assessment Boundary:  Assessment is limited to different relative strengths or different directions, but not both at the same time.  Assessment does not include non-contact pushes or pulls such as those produced by magnets.]
K-PS2-2. Analyze data to determine if a design solution works as intended to change the speed or direction of an object with a push or a pull.* 
[Clarification Statement:  Examples of problems requiring a solution could include having a marble or other object move a certain distance, follow a particular path, and knock down other objects. Examples of solutions could include tools such as a ramp to increase the speed of the object and a structure that would cause an object such as a marble or ball to turn.] [Assessment Boundary:  Assessment does not include friction as a mechanism for change in speed.]
K-2-ETS1-1. Ask questions, make observations, and gather information about a situation people want to change to define a simple problem that can be solved through the development of a new or improved object or tool. 
*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.



Background for Teachers
In the first unit, kindergarten students experience their first formal process of science education as teachers begin to lay the groundwork for students to develop both interest and capacity for studying science. Students’ natural curiosity and questions about experiences occurring in the classroom and outside are the initial basis for this interest and must be used, developed, and refined. Science ideas and questions are introduced through situations and activities that will direct student attention and interest to the ideas to be learned. Classroom norms for respectful participation should be emphasized at the very beginning of the school year to create a safe space for every student to contribute to the classroom learning experience.
Even very young children have an intuitive sense, or a mental model, that the motion of non-living objects is different from that of living ones. They express surprise if they see a ball change its direction of motion or suddenly speed up or slow down with no visible reason for the change, but not if an animal does.  Students entering kindergarten already have some knowledge regarding motion from playing with toys and applying a push or pull to get the toy moving. The purposes of unit 1 are to capture and build on this intuitive sense of how the world works and to develop a language of words and diagrams for talking and thinking about these experiences. Students will develop understanding that different strengths of pushes on a toy car will result in different motions of the toy car in a way that can be predicted by the strength of the push. 
In kindergarten as in transitional kindergarten, the goal of science learning for children is as much to develop foundational skills of language, analysis and reasoning, and representation or symbolization of ideas as it is to learn any particular facts. Students need activities that direct their attention to particular aspects of natural phenomena and support to use these situations to develop and refine their ideas and language about the world. 
The unit should begin with investigations and descriptions of a variety of ways things move. These investigations are linked to the crosscutting concepts of stability and change and cause and effect. The role of the teacher is to introduce situations and the language and ideas needed to discuss them and lead children to observe and think about how pushes or pulls can make a moving object speed up, slow down (change of speed), or change direction. The first focus is developing the idea that a push or a pull can make something do one of these three things (speed up, slow down or change direction). The goal is then to lead students from that idea to the more general concept of a force. The language of push or pull suggests an actor (perhaps a person or an animal) that is providing the push or pull. When the ball bounces on the floor or collides with something and moves off in a new direction students will not likely see that this is similar to a push or pull they may provide to the same ball. That is, they do not recognize that a wall or the floor is also pushing or pulling. However the teacher can ask students “What made it change direction? What pushed it up (for the bouncing ball)?”  Using the language of cause and effect the teacher allow students to recognize what they observe as the effect and then to ask questions to investigate the cause of the motion.

Note that in this unit, the crosscutting concepts of stability and change and cause and effect overlap significantly. However, neither can be used effectively without students investigating and observing results from the investigations which generate patterns. 
Description of Unit
At the beginning of the school year, the teacher to frames the classroom culture and introduces norms for behavior, including collaboration, that students will follow throughout the year. Students will need to experience talking about science ideas as a whole class and carrying out activities and discussing them in small groups. They will need support to understand what is expected of them in both situations. 
In this first unit, students focus on developing language and diagrams to describe pushes and pulls (forces) on objects and the subsequent movement of those objects and to characterize changes in their motion. Students can investigate forces by observing the movement of a paper plate attached to a string and the movement of the plate as a student pulls the string in different directions. The teacher encourages the students to ask questions, to make predictions and to investigate how objects being pushed or pulled move. The focus is for students to engage in describing, analyzing and reasoning about what they observe, recording observations with diagrams, and making claims about the movement of objects that can be supported by their observations during investigations.  The core idea being developed across all activities in this unit is that when students observe a change in the motion of an object they can ask what provided the push or pull on that object that made the motion change and find an answer through observation and investigations. 
In Figure 1, a simple diagram represents how a push from a student on a wooden block on the table makes the block move forward.  In the diagram, all the observable parts (the block and the table) are represented schematically and are labeled. The push is indicated with an arrow and the movement of the block is indicated by a ticker arrow. Graphically distinguishing between the two arrows makes clear what is the cause (the push) and what is the effect (the movement). The diagram also shows that the direction of the movement is the same direction as the push.
Figure 1: Example of a diagram that the teacher can help students develop to represent how a push on a wooden block makes the block move forward.
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Students carry out investigations and develop language around patterns of the motion of objects. This requires the teacher to introduce the situations student can observe, to ask questions that support the students to analyze the situations, to draw diagrams to represent what happened, and to talk about their diagrams using terminology appropriate for this grade level. At first, the teacher encourages description of motion and focuses attention on particular moments when the motion changes. The students are then encouraged to set up additional situations in which they push or pull objects to observe, describe and diagram. Once they have observed several situations, they can be asked to make predictions about a new but similar situation, using diagrams similar to those they have used to describe past observations. Based on these experiences, students understand that objects push or pull on other objects when they collide. Now the idea that everything is pulled down towards the ground by the Earth, unless something else pushes or pulls it up, is introduced and can be demonstrated by a weight bouncing up and down on a spring. (The idea of one force balancing against another is not introduced here, just the idea that the Earth pulls things toward it.) 
After observing these phenomena, students could make drawings to record what they observed and to predict possible effects of pushes and pulls. For example, they can be asked to predict what will happen when two objects collide and push on each other. 

Engineering Connection

In this unit, the students also have the opportunity to develop their first engineering project, using the experiences encountered in the unit. The teacher defines a challenge students could collaboratively solve by, for example, designing a way to change the direction or decrease the speed of a ball that is moving towards a structure made of blocks, thus saving the structure from being destroyed.  Teachers will need to lead the class through the steps of the engineering design cycle (see Figure 2): 1) define the engineering problem; 2) develop a possible solution; 3) test and optimize the solution.  Teachers provide the materials and structure the situation and task so that students can work in small groups to design something that can achieve a desired result (for example, deflect a rolling ball coming from a pre-determined direction using a cardboard ramp so it hits a target). Teachers should provide opportunities for students to improve and refine their designs before introducing the idea of observing and recording how well the various designs (from different groups of students) achieve the desired outcome. As the students engage in this process, the teacher introduces words and ideas to describe what they are observing and doing. The teacher can stress both the generality of the steps of the design process and the fact students used what they had learned from their science investigations of moving objects and how forces on them change their motion to develop their designs. 
Students then work collaboratively in groups to use the observations and ideas accumulated throughout this unit to solve a problem by designing a system in which forces are used to change the motion of an object in a pre-established way. Materials could include ramps, balls of different sizes, blocks books, paper tube rolls, string, and yarn. The students present and compare their different solutions.
Figure 2 below describes the engineering design process for K–2. In kindergarten, teachers guide students to look at situations or events that may be considered as “problems.” The focus of the engineering design process is not to transform activities into competitions to see which solution is best. Rather, the idea is to have students collaboratively generate multiple ideas, design solutions, and test those solutions to determine if they are appropriate for the goal.  Throughout the process, emphasis is on developing collaboration skills and communication skills.   
Figure 2: Engineering Design Cycle for grades K-2. 
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(NGSS Lead States 2013e)
	Kindergarten-Unit 2: Needs of animals and plants and their environment.

	How do we know that something is alive?

What do animals and plants need to survive?

Does what they need affect where they live?

	Highlighted Crosscutting Concepts: Patterns; Systems and System Models

	Highlighted Science and Engineering Practices: 

· Analyzing and interpreting data

	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

K-LS1-1. 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.]
K-ESS3-1. Use a model to represent the relationship between the needs of different plants or animals (including humans) and the places they live. 
[Clarification Statement:  Examples of relationships could include that deer eat buds and leaves, therefore, they usually live in forested areas; and, grasses need sunlight so they often grow in meadows. Plants, animals, and their surroundings make up a system.]




Background for Teachers
In this unit, students are guided to make observations in both classroom and natural settings to learn about what animals and plants need in order to survive.  For example, taking them to the school garden, looking at ant farms, and watching fish in an aquarium or insects walking on the inside of a glass bowl provide meaningful observations that lead to understandings regarding the needs of plants and animals. 
In general, all living organisms require energy and matter in order to live and grow, and the structural organization of every organism is such that matter and energy are efficiently captured, transformed, distributed, and eliminated as necessary throughout the parts of the organism. In kindergarten, students learn that plants need water and light to live and grow and that animals need food. Animals obtain food from plants or other animals.  For these reasons, organisms survive and thrive in places that have the resources they need.  

Students also develop the language they need to describe their observations, for example parts of plants and animals (leaves, stem, roots, flower, arms, wings, legs, etc.) and the environment where they live and grow. These investigations allow teachers to introduce the crosscutting concept of systems and system models to describe sets of objects or organisms in terms of their parts. Students demonstrate understanding of this crosscutting concept as they describe situations or organisms. For example, they may describe a tree as a system made of leaves, branches, a trunk, and roots.

Description of the Unit
The unit begins with activities, observations and discussion designed to develop the conceptual categories of plant and animal and living, non-living, and once-living things. For example, a leaf detached from the tree is now a dead organism, but it was alive while connected to the tree. Discussions and classroom readings focus on the idea life has a beginning, a period of growth, a period in which it can produce offspring, and eventual death. 
The concept is also developed that during their life span each individual has needs in order to live and grow, but there are certain common needs for all animals (air, food and water), and others common to all plants (air, water and light). Students investigate what these needs are by identifying patterns through activities such as growing seeds of different plants or keeping a classroom pet. Bringing living organisms into the classroom (both plants and animals) allows students to learn how to take care of and appreciate these organisms while they grow. Furthermore, the use of living organisms makes concepts related to patterns and structure and function relationships more tangible for kindergarten students. Note that the use of living organisms in the classroom while a very good experience for students might also raise some challenges. Teachers will need to check school safety guidelines so that both organisms and students are safe 
Students also observe the natural world (e.g., through videos or online resources). They are prompted through questioning and discussions to make sense of their observations and organize them in patterns to develop a more general analysis about how plants and animals meet their needs, what aspects of their environment provide support or challenges in meeting these needs, and how plants and animals affect their environments in this process. Students should also have experiences observing some animals eating plants and others eating other animals. One example might include feeding fish in the classroom aquarium brine shrimp or freeze-dried worms.  This enables students to witness one animal eating another, deepening their developing theories regarding the interactions between two animals.  Observing insects eating fruit might also broaden their understanding, for example stressing some animals only eat plants. Such observations allow students to begin to develop questions and ideas about the inter-relationship of organisms in their environment and the concept of flow of matter in an ecosystem, even though they are not required to explain these concepts. 
The classroom discussions from observations and information from texts and other media allow students to develop a model that represents the relationship between a variety of plants and animals and their environment. The crosscutting concept of patterns could be used in this context to organize the collected observations and information from the text.
Engineering Connection
This unit does not contain a PE that explicitly integrates the engineering design process. However, throughout the course of the unit the teacher may find several opportunities to highlight a practical problem for which students may then design a solution.  For example, reading about animals in a zoo being fed by humans, the teacher may prompt students to think about what type or shape of animal feeder may be more suitable for different animals. Some animals may be able to climb and a feeder on a platform may be an appropriate design solution, but for animals that do not climb other solutions need to be designed. The same type of creativity could be included more realistically into the classroom if the teacher and students design the appropriate enclosure for a small animal for the classroom.  

As children work with plants, they might be challenged to create a container that will keep a plant alive. To successfully do this, they will need to consider the basic needs of plants, particularly the plant’s need for sunlight and water.  Teachers can show students examples of a broad variety of engineering designs associated with of keeping houseplants appropriately watered or pets being fed and allowed to enter and exit a house.  While the science concepts behind these products is beyond the scope of this unit, these experiences allow students to observe the diversity of design solutions associated with the same problem, which is at the core of the creative process of engineers.
	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.


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

	How do animals and plants change their environment to survive?

What do we (humans) do that changes our environment? 

What can we do to modify our impact on the environment?

	Highlighted Crosscutting Concepts: Stability and Change, Systems and System Models

	Highlighted Science and Engineering Practices: 

· Engage in argument from evidence

· Analyzing and interpreting data

	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

K-ESS2-2.
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.
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.]
K-2-ETS1-1. Ask questions, make observations, and gather information about a situation people want to change to define a simple problem that can be solved through the development of a new or improved object or tool. 

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.




Background for Teachers
The focus of this unit is to provide students with experiences from which they can observe that animals and plants have the capacity to change the environment around them in order to meet their needs for survival. This concept lays the foundation for students’ further understanding that living organisms have significant impacts on the processes occurring on Earth (for example, changes in atmospheric conditions due to the production of oxygen due to photosynthesis). As conditions on Earth change, so do organisms as they adapt and evolve in response to those changes to better meet their needs.  In kindergarten, students observe phenomena of how plants and animals (including humans) can change their environment such as the shape of the land or the flow of water. An example of a plant changing the land can be observed when the roots of a tree displace the concrete path around the tree.
[image: image1]
Description of the Unit
In this unit students begin to develop the notion of what constitutes an ecosystem, which involves both the physical environment and the living things within that environment, and the multiple interactions between them. (For kindergarten students it is not necessary to strongly distinguish between what is geographic and what is biological in the environment in discussing the questions in these performance expectations.) 
Building on the knowledge developed in the prior unit, students explore their world through observation and describe their observations in terms of the organisms and other things that are contained in the observed system. Discussion of multiple cases where animals or plants impact their environment by changing it in some way or not at all allows student to use the crosscutting concept of stability and change to determine in which systems the organisms do change their environment and in which systems they do not. Such examples could include an animal digging holes for shelter or hiding food and thereby moving around the seeds of plants (for example, scrub jays burying acorns), animals over-grazing and thereby killing certain plants, or animals hunting and killing other animals. The idea that plants can also impact their environment is introduced in this unit. For example, plants provide needed shade to other plants or animals, or the roots of plants help limit erosion of a stream bank or hillside. Developing this idea requires teachers to ask leading questions and focus attention on a few examples before asking students to observe and note other impacts of plants on the environment. 
In order for students to recognize these plant-related impacts, teachers can ask, “Why do you think the sidewalk is raised or broken near the trees on the sidewalk?” or “After a rainstorm, why does mud run into the gutter from an empty lot, but not from a yard with lawn?” These questions allow students to make observations about the roots of the tree or the grass. They connect the broken sidewalk with the root pushing up the concrete because they can see the root of the tree underneath the sidewalk. They recognize that the roots of the grass in a lawn hold the dirt together and the lawn acts like a sponge.

These and other similar observations allow teachers to develop students’ ideas of cause-effect relationships.  Also, reinforcing the use of the crosscutting concepts systems and system models from Unit 1, students can develop visual models (for example drawings) representing the relationship between animals or plants and the elements in their ecosystem. An example of model could be a sequence of drawings illustrating how a tree near a concrete sidewalk breaks the concrete as it grows.
The unit then addresses impacts of humans on the environment, particularly in the local environment of the school or a natural area or park near to the school. For example, teachers can focus students’ attention on some of the natural resources that they use frequently, such as water. Teachers can determine students’ prior knowledge about how humans affect the environment by asking them, “How can we save water at school and at home?” or “What happens if we leave the hose running in the school garden?”  This type of discussion can help students build their understanding of the ideas identified in 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. Learning about these relationships encourages students to expand their thinking to consider both positive effects of humans in an ecosystem (for example, watering plants in the park) and negative impacts (for example, trash, pollution, new construction that reduces the availability of natural or agricultural areas).
Engineering Connection
Students complete the unit by exploring how to apply their learning to collaboratively develop and communicate solutions to each other for reducing the impact of humans in an environmental context relevant to their local community.  Teachers guide students to review all the knowledge resources developed during this and the previous unit to define a problem they want to address and then develop a possible engineering solution. Students make drawings or physical models of their designs so that they can use them to communicate their ideas to other students or other people.  
	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.



	Kindergarten-Unit 4: Weather and climate.

	What is the weather like today and how it is different from yesterday?

Can I predict tomorrow’s weather?

How does the sun heat up materials in my classroom? 

How can I protect myself form the sunlight?

How do we prepare for severe weather?

	Crosscutting concepts: Patterns, Stability and Change

	Highlighted Science and Engineering Practices: 

· Analyzing and interpreting data
· Define problems
· Develop solutions


	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

K-ESS2-1.
Use and share observations of local weather conditions to describe patterns over time.  
[Clarification Statement:  Examples of qualitative observations could include descriptions of the weather (such as sunny, cloudy, rainy, and warm); examples of quantitative observations could include numbers of sunny, windy, and rainy days in a month. Examples of patterns could include that it is usually cooler in the morning than in the afternoon and the number of sunny days versus cloudy days in different months.] [Assessment Boundary:  Assessment of quantitative observations limited to whole numbers and relative measures such as warmer/cooler.]
K-PS3-1.
Make observations to determine the effect of sunlight on Earth’s surface.  

[Clarification Statement: Examples of Earth’s surface could include sand, soil, rocks, and water] [Assessment Boundary:  Assessment of temperature is limited to relative measures such as warmer/cooler.]

K-PS3-2.
Use tools and materials to design and build a structure that will reduce the warming effect of sunlight on an area*

[Clarification Statement:  Examples of structures could include umbrellas, canopies, and tents that minimize the warming effect of the sun.]   

K-2-ETS1-2. Develop a simple sketch, drawing, or physical model to illustrate how the shape of an object helps it function as needed to solve a given problem. 

K-ESS3-2.
Ask questions to obtain information about the purpose of weather forecasting to prepare for, and respond to, severe weather.*  

[Clarification Statement: Emphasis is on local forms of severe weather.]

K-2-ETS1-1. Ask questions, make observations, and gather information about a situation people want to change to define a simple problem that can be solved through the development of a new or improved object or tool. 
*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.




Background for Teachers
In this unit, students develop an understanding of variation in local weather as observed through patterns in weather conditions such as sunny and warmer days at the beginning of the school year, cloudy and rainy days during fall and winter. At this grade level, these observations and descriptions of local weather over time allow students to develop a definition of weather as the combination of sunlight, wind, snow or rain, and temperature that is characteristic of a particular region at a particular time of the year. 

The effect of sunlight on Earth’s surface is also explored in this unit as students begin to understand the sun is a source of energy for our planet and that the energy from the sun is transferred to Earth. The sun’s radiation is the energy that travels across space from the sun to the Earth. The materials on the Earth’s surface absorb this energy and are being heated. At the molecular level, the radiation is being transferred to the motion of the particles in the materials. This motion energy, or heat, is then emitted by the materials to their surrounding environments as they cool down. The effect of this transfer is observable by having students touch different materials that have been exposed to sunlight and compare them to the same type of objects that were not exposed.  

In order for this unit to be successfully taught, it is important for students to observe and record data about local weather over a period of a week or so at different times during the year. To allow more significant comparison of patterns of data, teachers should schedule weather observations when there is some variability in the weather. These observations and data recording  can be built into earlier units and, where possible, connected to them  (for example introducing wind as a source of forces on objects in the pushes and pulls unit, linking weather observations to the impacts of weather on the environment and on living things in that environment in units 2 and 3). This unit focuses more generally on the discussion and analysis of weather, after sufficient weather data has been observed and recorded. Students are expected to develop understanding of patterns and variations in local weather and the purpose of weather forecasting to prepare for, and respond to, severe weather-related events such as storms, droughts or floods. The crosscutting concepts of patterns and stability and change are the most useful for the students to use to organize their observations.
Description of the Unit
In this unit, students are introduced to weather as a phenomenon they can observe and that has patterns. Importantly, those patterns can be used to predict weather at future times. A variety of local weather data can be collected including rain, temperature, and wind speed by using rain gauges, thermometers, and anemometers. Students build their knowledge of weather patterns through their daily and weekly weather data collection that is both qualitative (such as sunny, cloudy, rainy, and warm days) and quantitative (number of sunny or rainy days, amount of rainfall). This data collection prepares them for the idea of weather forecasting at the end of the unit.

The unit continues with students observing how the sun heats up different materials in different ways, such as sand, soil, and water. Students collect information using thermometers or touching objects at different times during the day, such as at the very beginning of the school day and after lunch. Students can make observations about how the materials cool down at different rates (qualitative only, faster or slower) when the sun is no longer warming them. They also observe the patterns of change in shaded areas as the sun moves across the sky during the day.
[image: image4.png]



As an outdoor experience, students can investigate how the different materials that make up the school’s playground are being heated differently depending on the time of day or the amount of shade on the playground. 

In the final part of this unit, students gather information through video and pictorial resources about different types of weather in different regions of the US. In particular, students discuss weather and news reports and other observations of how certain regions are affected by specific types of severe or extreme weather during particular periods of the year. By identifying these patterns, students are encouraged to present and discuss what information weather scientists use to forecast weather and how forecasts of severe weather events can be used so communities can prepare for and reduce the risks caused by weather. These discussion should focus on local risks (e.g., fire driven by hot weather and winds, landslides driven by deforestation and rain storms, coastal erosion by large waves driven by storms, local flooding in severe rain.)

Engineering Connection
As the teacher guides the students to recognize that too much sun is not a pleasant condition for living organisms, the students identify where this problem may occur in a particular area of their school or other contexts. They then work in groups, with the assistance of the teacher, to discuss the problem and develop a design solution—a structure to reduce the warming effect of the sun by providing shade in that area. This task allows students to apply their prior learning. They are given a range of materials to select from (e.g., cardboard, wooden craft sticks, and tape) to design, build, and test a reduced-scale model of their designed structure. In groups, students present their design as drawings or pictures with verbal instructions of the steps that need to be taken to construct this structure, including a description of the materials they would use and why they chose those materials.  
To further classroom collaboration, the class then works together to combine the ideas of various groups and decide on a final design of the full-scale shade structure, which they then construct together, using materials provided. Children should gather data to determine how well their structure worked. (For example, they could measure the temperature of a container of water in the direct sun and one under their structure and compare.) At this stage, parents may also be included to help in the final construction. The final design plan should also include appropriate step-by-step instructions on how to use the tools and materials needed and adhere to safety rules.  This movement from theoretical design and models to actual building enables students to see themselves as engineers and builders.
Grade 1
Students in Grade One continue to explore phenomena related to Life Sciences, Physical Sciences, and Earth and Space Sciences to find relationships between observed patterns and the reasons of those patterns through the crosscutting concepts of structure and function and cause and effect. Allowing ample time for students to discuss data from their own investigations and compare and contrast those data the data of other students increases not only their capacity for identifying and justifying patterns but also their capacity to engage in the scientific and engineering practices using appropriate academic vocabulary. These capacities are further supported by students’ increased use of models to explain, represent, and support claims with argument from evidence.
Table 3 summarizes the PEs included in each unit and the crosscutting concepts students may use as a tool to make sense of the core ideas. Where necessary, PEs integrating science ideas with engineering design are accompanied by one of the three PEs from the K-2 Engineering Design system. The engineering design PE has been chosen to best match the suggested integration. The PEs that suggest an explicit integration with engineering are indicated with an asterisk (*). Teachers should note that unit 4 will require students to begin to collect observations of patterns of change in the sky, for example of the time and location of sunset, over an extended period of time prior to the beginning of the actual discussion of these observations. 
Table 3: Summary table of units in grade one
	Unit 1:

Family and family behavior
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Constructing explanations and designing solutions

· Obtaining, evaluating and communicating information
	· Patterns
	1-LS3-1

1-LS1-2
	LS3.A: inheritance of traits

LS3.B: variation of traits

LS1.B: growth and development of organisms

	
	Brief Summary

	
	Offspring of plants and animals look similar to their parents. Parents have behaviors that help offspring to survive.

	Unit 2:

Meeting survival needs
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Analyzing and interpreting data

	· Structure and Function
	1-LS1-1*

K-2-ETS1-2
	LS1.A: structure and function

LS1.D: information processing

ESS3.A: natural resources

	
	Brief Summary

	
	All organisms have external parts that they can use to capture and convey information to help them survive and grow.

	Unit 3: Light and sound properties and uses
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Planning and carrying out investigations

· Constructing explanations and designing solutions
	· Systems and System Models
· Cause and Effect
	1-PS4-1

1-PS4-2

1-PS4-3

1-PS4-4*

K-2-ETS1-3
	PS4.A: wave properties

PS4.B: electromagnetic radiation

PS4.C: information technologies and instrumentation

	
	Brief Summary

	
	Sound can make matter vibrate and vibrating matter can produce sound. Light allows objects to be seen and has different properties. Both sound and light can be used to communicate information.

	Unit 4: Patterns of motion of objects in the sky
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Analyzing and interpreting data

· Planning and carrying out investigations
	· Patterns
	1-ESS1-1

1-ESS1-2
	ESS1.A: the universe and its stars
ESS1.B: Earth and the solar system

	
	Brief Summary

	
	The Sun, moon, and stars move in the sky according to patterns that can be observed, described, and predicted. Seasonal patterns of sunrise and sunset can also be observed, described, and predicted.


	Grade 1-Unit 1: Family and family behavior

	How does a family behave to support family members to survive and to thrive?
How are parents and their children similar and different?
Why do animals or plants look like their parents? 

	Highlighted Crosscutting Concepts: Patterns

	Highlighted Science and Engineering Practices: 

· Constructing explanations and designing solutions

· Obtaining, evaluating, and communicating information

	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

1-LS3-1. Make observations to construct an evidence-based account that young plants and animals are like, but not exactly like, their parents.  
[Clarification Statement:  Examples of patterns could include features plants or animals share. Examples of observations could include leaves from the same kind of plant are the same shape but can differ in size; and, a particular breed of dog looks like its parents but is not exactly the same.] [Assessment Boundary:  Assessment does not include inheritance or animals that undergo metamorphosis or hybrids.]
1-LS1-2. Read texts and use media to determine patterns in behavior of parents and offspring that help offspring survive. 
[Clarification Statement:  Examples of patterns of behaviors could include the signals that offspring make (such as crying, cheeping, and other vocalizations) and the responses of the parents (such as feeding, comforting, and protecting the offspring).]


Background for Teachers
In this unit, students begin to develop their understanding of how the characteristics of one generation of organisms are related to the previous generation. In order to accomplish this, students observe organisms of the same species (both plants and animals) and determine which characteristics can be similar or different. Many characteristics of the offspring are inherited from their parents, such as the size of the leaves of a new plant that are similar to but smaller than the leaves of the parent adult plant.   Similarly, young animals are very much, but not exactly, like their parents and also resemble other animals of the same kind. 
As organisms progress through their lives from birth to adulthood, characteristic behaviors change so that organisms can increase their chances to reproduce and transfer their genetic information to their offspring. In many kinds of animals, parents and offspring engage in behaviors that help the offspring survive. In plants, reproduction may be accomplished by developing specialized body structures and/or depend on animal behavior.
Description of the Unit
This unit starts with the teacher introducing the notion of family in animals by showing a variety of examples in which students can identify the parents and the offspring. These observations develop the model of the family or herd as a system of organisms within which parents behave in ways that support their offspring to survive. From these observations, students are able to recognize the patterns that relate the offspring to their biological parents. Students are also provided with experiences in which they are also able to discuss that young animals may look very much like their parents, but they are not identical to them. (Students will connect the notion of family in the animal world to their own experience of family, so it is important to discuss the variety of human families, including adoptive parents, children raised by grandparents, and other broadened family structures that go beyond those observed in the animal world, but like animal families provide mutual support for survival.)
Students also make related observations using grown plants and younger plants that have been grown from the seeds of the same parent plant. Students should examine the color and shape of the leaves and flowers (if available) and their location on the plants to determine that the offspring plants are very similar but not identical to the parent plant. 
The parent-offspring model is then broadened to consider the patterns of behaviors offspring produce to communicate with their parents and the responses of the parents. Patterns of behavior could include sounds and vocalizations of the offspring (crying, chirping, etc.) that prompt a response behavior in the parent (such as feeding, comforting, or protecting). 
	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 2: Meeting survival needs

	How do plants and animals (including humans) use their senses and their external parts and features to aid their survival and growth?

How do plants and animals depend on one another for survival?

How do humans mimic animal or plant features in objects they design? 

	Highlighted Crosscutting Concepts: Structure and Function

	Highlighted Science and Engineering Practices: 

· Analyzing and interpreting data

	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

1-LS1-1.
Use materials to design a solution to a human problem by mimicking how plants and/or animals use their external parts to help them survive, grow, and meet their needs.*  [Clarification Statement:  Examples of human problems that can be solved by mimicking plant or animal solutions could include designing clothing or equipment to protect bicyclists by mimicking turtle shells, acorn shells, and animal scales; stabilizing structures by mimicking animal tails and roots on plants; keeping out intruders by mimicking thorns on branches and animal quills; and, detecting intruders by mimicking eyes and ears.]

K-2-ETS1-2.
Develop a simple sketch, drawing, or physical model to illustrate how the shape of an object helps it function as needed to solve a given problem.

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.


Background for Teachers
This unit builds on the ideas about the survival needs of plants and animals developed in kindergarten, and on discussions of behaviors of parents that help offspring survive from unit 1 in grade one.  Through observations, students develop the language to describe the external parts of organisms. Students recognize that different body parts are used to see, hear, grasp objects or food, protect themselves, move from place to place, and seek, find, and take in food, water and air. Plants also have different parts (roots, stems, leaves, flowers, fruits) that help them survive, grow, and produce more plants. From these observations, students focus on designing a possible solution to a human problem by mimicking the external parts of animals or plants. 
Description of the Unit and Engineering Connection
This unit has the primary goal of allowing students to observe organisms in order to design a solution to a human problem that could be solved in multiple ways by borrowing ideas from the structure of the external parts of animals. Students are prompted with multiple examples to develop their own models to build understanding and apply crosscutting concept of structure and function. The students’ models describe and explain how the specific shape of external body parts of an animal or a plant can be used to help them survive.  Animal examples should include those that use multiples senses and the characteristics that support them (for example, the big ears of prey species are used to detect sound for early awareness of predators or the fins on a fish that allows it to move quickly in water). Capabilities based on body structures and shape (e.g. claws used to dig or climb, beak shape related to specific food choices, long necks to reach food) should also be used as examples. The ideas that plant pollination and seed dispersal are important to plant survival should be introduced in this unit.  
In this unit, students benefit from closely observing real organisms to identify which body parts are associated with which function. For example, by studying crayfish in a classroom aquarium (see figure 3) students can make claims supported by evidence demonstrating different body parts of the crayfish serve different purposes for the survival of the animal (see table 4).  The idea that many tasks require an animal to apply a force to move or break open an object is connected the kindergarten unit on forces. This activity also allows teachers to engage students in performing simple research using books and other content-rich materials to find information, evaluate if it is relevant or not to answer classroom questions, and communicate information to each other.
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	Table 4: Crayfish: how is the structure of a body part related to its function?

	Function
	Structure or behavior

	Get food
	Mouth that opens, claws to grab.

	Move
	Lots of legs, body

	Protect/defend, dig in ground, grab/hold food
	Claws

	Sensing the environment
	Eyes, antenna

	Gas exchange
	Gills, skin


This table was generated by the investigation on the crayfish in which the structure of certain body parts is associated to the function of the part (Gomez-Zwiep and Polcyn 2015). 
Teachers should also prompt students to observe specific structure- and function- relationships between plants and their seed dispersal mechanisms.  Finally, the unit culminates with students developing an engineering design solution based on the idea that the great diversity of structure and function relationships in nature gives humans ideas that can be used as design examples for objects that solve a problem (bio-mimicking). Examples could include the use of insulating materials in winter coats to protect from cold or wind or the shapes of certain seeds and leaves that allow them to stick like Velcro.
	Grade 1-Unit 3: Light and sound properties and uses

	Why do things look different in different light?  

What happens when materials vibrate?

How can we tell if light and sound travel from one place to another?

How do we use light and sound?

	Highlighted Crosscutting Concepts: Cause and Effect, Systems and System Models

	Highlighted Science and Engineering Practices: 

· Planning and carrying out investigations

· Constructing explanations and designing solutions

	CA NGSS Performance Expectations: 

Students who demonstrate understanding can:

1-PS4-1.
Plan and conduct investigations to provide evidence that vibrating materials can make sound and that sound can make materials vibrate.  
[Clarification Statement:  Examples of vibrating materials that make sound could include tuning forks and plucking a stretched string. Examples of how sound can make matter vibrate could include holding a piece of paper near a speaker making sound and holding an object near a vibrating tuning fork.]
1-PS4-2.
Make observations to construct an evidence-based account that objects can be seen only when illuminated. 
[Clarification Statement:  Examples of observations could include those made in a completely dark room, a pinhole box, and a video of a cave explorer with a flashlight. Illumination could be from an external light source or by an object giving off its own light.]
1-PS4-3.
Plan and conduct an investigation to determine the effect of placing objects made with different materials in the path of a beam of light.  
[Clarification Statement: Examples of materials could include those that are transparent (such as clear plastic), translucent (such as wax paper), opaque (such as cardboard), and reflective (such as a mirror).] [Assessment Boundary: Assessment does not include the speed of light.]
1-PS4-4.
Use tools and materials to design and build a device that uses light or sound to solve the problem of communicating over a distance.*  
[Clarification Statement:  Examples of devices could include a light source to send signals, paper cup and string “telephones,” and a pattern of drum beats.] [Assessment Boundary:  Assessment does not include technological details for how communication devices work.]

K-2-ETS1-3.
Analyze data from tests of two objects designed to solve the same problem to compare the strengths and weaknesses of how each performs.

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.


Background for Teachers
In this unit, students have experiences with both sound and light that help them develop an understanding of how these two wave phenomena occur and how sound and light can be used to transfer information from one place to another.  At this grade level, students are not required to learn features of waves such as frequency, amplitude, or wavelength. Students describe waves as regular patterns of motion as they observe the movement of the surface of a container full of water (such as a bucket or large bowl) when the surface is gently tapped with a finger. When waves move across the surface, the water goes up and down in place; it does not move in the direction of the wave as placing small pieces of paper on the surface of the water demonstrates. 
A sound wave is created when matter vibrates, and sound makes matter vibrate. When we hear a sound, we have perceived the vibration of the molecule of air inside our ears making our eardrum vibrate. The sound wave was originally created at a source, for example from a vibrating loudspeaker in a radio, and it propagated through the air (compressing and vibrating its gas molecules) until the vibration reached our ear. 
Regarding light waves, students do not generally think about light as something that moves from place to place, but rather as something that fills a space and is either off or on.  The purpose of activities in this unit is to develop evidence that supports the idea that light travels from a source to an object, and is either absorbed by or bounces off the object. Students learn that we see the object and its color because only light of that color bounces off and reaches our eye. This requires step-by-step conceptual development through the introduction of a series of situations and opportunities for students to observe light phenomena and discuss how light behaves. 
Many light sources emit light in all directions. This is an important idea for explaining how the whole room seems to be full of light. However, it is useful to start with light sources that emit a narrow a beam, such as a laser (for example, a laser pointer for pointing at a screen) or a flashlight (with obvious reflections and shadows), to develop the idea that light takes a straight path from the source, to wherever it hits an object, and from the object to the detector, which can be an eye or a camera. 
Other ideas that student need develop are that objects look black when no light bounces off them and when it is really dark we see nothing. There are a multiplicity of details students can observe, using light sources of different colors. For example, students can observe that a green object looks black in a red light and begin to understand this occurs because the object absorbs red light. Students can also observe that a prism spreads out the colors with incoming white light, sending different colors in slightly different directions. In this unit, it is not necessary to go beyond the observation of phenomena related to light of different colors and it is not necessary to introduce lenses or curved mirrors.
All of the investigations and observations above support the development and use of the crosscutting concepts of systems and system models and cause and effect.  For example, the system that allows a student to see an object is described by its components including the object, the light source, the light traveling from the source, and the eyes of the student. 
To understand systems such as the one that allows them to see an object, student will need to develop a model in which the path of light is represented. They can use the model to explain things such as how the size of the shadow of a leaf changes as the leaf is moved closer to or further from the light source or why the shadows in a room with more than one light source have lighter and darker parts. These cause-effect observations allow students to develop the idea of light that travels from the source, is reflected by an object, and is then absorbed by a detector.

The next part of this unit begins to develop a similar set of ideas for sound. Here the idea that sound travels from a source (the speaker) to a detector (the ear or a recording device) is more likely to match students’ perception, but students still need carefully designed activities, discussions, and models to refine and clarify their pre-conceptions about sound. For example, students may think they can hear noises from the next-door classroom because the sound travels through the air and enters into their classroom from underneath the door or through the air vents.   
Description of the Unit
This unit builds on the introduction of human and animal senses of sight and hearing in unit 2. Students investigate and model the behavior of light and objects (shadows, transmission through some media but not others and reflection on mirrors) to develop an explanation of these phenomena and how objects are seen. The explanatory model demonstrates that light travels in a straight path from a source to an object and from the object to our eye (or camera) where it is detected. The examples include observations that develop the idea light can be one color (e.g. a laser light) or a mix of many colors: that light from the sun contains all the colors of the rainbow; and that the color an object appears to be depends not only on the properties of the object, but also on the color of light that we shine upon it. 

Moving on to sound, investigations and examples (e.g. various musical instruments, tuning forks) develop the idea of properties of sound (e.g., variety of sound pitch, travel of sound in all directions from a source to an object that can detect it).  Student activities should involve observations that make the connection between the sound and vibration of an object or medium through which the sound travels (solids and liquids are the only media emphasized here, not gases). 

Finally, the unit provides opportunities for students to develop explanations of how humans detect light and sound with our eyes or ears and with various technology to assist them. Students learn how human use light and sound to gather information about our surroundings and to communicate information to others.  Students can then design and build a simple device using sound or light to communicate from one side of the classroom to the other. For example, students can design communication devices using paper cups and strings and make an observation the “signal” (their voice) is most clearly transmitted when there is tension in the string. Small pieces of paper could be attached to the string, like little flags, to show the vibration is being transmitted through the string. 
In anticipation of unit 4, students should also begin making observations of the light from the sun and the moon. Their observations should include and record data on how the sun’s position on the horizon and the time at sunrise and sunset change from day to day and how the bright shape and times of appearance of the moon change over the month. These observations should be recorded starting at the beginning of the year, but are not discussed in detail until unit 4. Teachers may choose to interweave some of the content of that unit into this one, or even to combine the two as a single unit.
	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: Patterns of Motion of Objects in the Sky

	When will the sun set tomorrow?

How does the moon’s appearance change over each month? 

Are there stars in the daytime?

	Highlighted Crosscutting Concepts: Patterns

	Highlighted Science and Engineering Practices: 

· Analyzing and interpreting data

· Planning and carrying out investigations

	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

1-ESS1-1.
Use observations of the sun, moon, and stars to describe patterns that can be predicted.  
[Clarification Statement: Examples of patterns could include that the sun and moon appear to rise in one part of the sky, move across the sky, and set; and stars other than our sun are visible at night but not during the day.] [Assessment Boundary: Assessment of star patterns is limited to stars being seen at night and not during the day.]

1-ESS1-2.
Make observations at different times of year to relate the amount of daylight to the time of year.  
[Clarification Statement:  Emphasis is on relative comparisons of the amount of daylight in the winter to the amount in the spring or fall.] [Assessment Boundary:  Assessment is limited to relative amounts of daylight, not quantifying the hours or time of daylight.]


Background for teachers
The purpose of this unit is for students to make observations of the sun, moon, and stars and develop ways to record, describe, and organize their patterns of motion, not for students to learn and memorize the accepted models scientists use to explain those motions.  To explain the changing length of days or the phases of the moon requires students to comprehend a complex three-dimensional model of the motion of Earth and its moon relative to the sun. Research shows when these models are taught, as they often have been, at this early stage of science learning, most students do not grasp the concepts and simply recite statements they are taught about the models without understanding them. 
At this stage of their learning, it is much more important for students to recognize through their own observations that there are predictable patterns of change, and thus there is something that needs an explanation, than to learn through lecture or texts.  Students can begin to develop the roots of the explanations through observations such as looking at the moon and the sun when both are visible at the same time.   They develop a model to explain any relationship they can see between the position of the sun and the shape of the bright and shadowed parts of the moon, if they imagine the moon as a ball.  Students build on what they learned about how light travels to develop their models. The models that underlie the explanation need to be student developed, not teacher introduced.
Description of the unit
In order for part of this unit to be successful, it is important to record data about the amount of daylight throughout fall, winter, and spring so comparisons can be drawn between observations at different times of the year. Data on sunrise and sunset times can be found in a number of sources, including local newspapers and online resources.
This unit asks student to observe the patterns of appearance of the moon and sun as they move across the sky and to use these patterns to predict future patterns. At this grade level, students are not expected to develop a three-dimensional model that can explain these patterns.  

Observations of the time of sunrise or sunset over multiple days across the year are analyzed using the same point of reference to develop a model for the pattern of change students observe. This pattern is used to predict whether the time of sunset or sunrise will be later or earlier than the previous day for the next few days. The model should be visual, such as a graph of times of sunset for several days, or a clock face marked with sunset times for successive days. However, it is not necessary for students to develop an explanatory model that can justify these differences. Class discussion and reading should include literature and children’s stories from their own experiences that emphasize how the length of day is different at different times of the year. Other visual representations could also be used such as pictures of the same landscape or outdoor feature that have been taken at the same time of the day, but during different times of the year.
Observations of the moon may include features such as when it rises and sets, whether it is ever visible by day, and how its apparent shape changes over the month. These can be recorded and analyzed over a period of months.  One way to record the observations is through photographs taken throughout the day over a period of several months. Students choose a pattern to analyze and discuss what kinds of predictions they can make based upon these observations. Observations of the phases of the moon can be linked to the unit 3 investigations of how we see objects only when they are lit up (by internal or external sources) and how light travels and reflects. Students should begin to understand that the apparent change in shape could be related to where the light is coming from and where we are looking from, but it is not the intent of this unit that students develop or memorize a model that gives a full explanation of this phenomenon.

Connecting to the properties of light from unit 3, students can also make observations about when it is possible for them to see stars. Students learn that stars are always present in the sky even if we cannot see them. Teachers ask students questions about their observations, such as “At what time of day would students be able to see stars? How much light is around them? Alongside these observations, students investigate whether they can see a small dim light when it is placed so the light from it passes close to a much brighter light on its way to the observer. Based on these two sets of observations, students can discuss whether they think the stars could be still shining during the day, or whether the fact they cannot see them says they are not there, or not “on”.  
	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
Students in grade two continue to explore phenomena related to Life Sciences, Physical Sciences, and Earth and Space Sciences and reinforce their ability to identify patterns in their observations. They use those patterns to develop models, to find relationships between cause and effect in systems, and to begin developing ideas about how matter cycles in systems. Grade two also places special emphasis on planning and conducting investigations, developing models and the role of evidence in developing scientific arguments and explanations. The units build in complexity in terms of both disciplinary content and the application of science and engineering practices and crosscutting concepts. 
Table 5 summarizes the PEs included in each unit and the crosscutting concepts that students may use as a tool to make sense of the core ideas. Where necessary, PEs that integrate science ideas with engineering design are accompanied by one of the three PEs from the K-2 Engineering Design system. The engineering design PE has been chosen to best match the suggested integration. The PEs that suggest an explicit integration with engineering are indicated with an asterisk (*).

Table 4: Summary table of units in grade two 
	Unit 1:

Identifying and locating features of the geosphere and biosphere
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Designing solutions
· Developing and using models
	· Patterns

· Energy and Matter
	2-ESS2-2

2-ESS2-3
	ESS2.B: plate tectonics and large-scale systems interactions

ESS2.C: the roles of water in Earth’s surface processes

	
	Brief Summary

	
	Water is present on the Earth’s surface as liquid and solid. As water moves on the surface of Earth, it shapes Earth’s surface.

	Unit 2:

How landforms change
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Obtaining, evaluating, and communicating information

· Designing solutions

	· Stability and Change
	2-ESS1-1

2-ESS2-1*

K-2-ETS1-2


	ESS1.C: the history of planet Earth

ESS2.A: Earth materials and systems

	
	Brief Summary

	
	Earth’s surface has been shaped by geological events that occur on different time scales.

	Unit 3: 

Matter and its properties
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Analyzing and interpreting data

· Planning and carrying out investigations

	· Patterns

· Energy and Matter
	2-PS1-1

2-PS1-2*

K-2-ETS1-3

2-PS1-3

2-PS1-4
	PS1.A: Structures and properties of matter

PS1.B: Chemical reactions

ETS1.C: Optimizing the design solution



	
	Brief Summary

	
	Different materials can be solid or liquids depending on temperature. The change from solid to liquid (or vice versa) can be reversed, but not for all materials.

	Unit 4: 

Biodiversity
	Highlighted SEP
	Highlighted CCC
	PEs addressed
	DCI addressed

	
	· Designing solutions

· Analyzing and interpreting data

· Planning and carrying out investigations
	· Patterns

· Cause and Effect
	2-LS2-1

2-LS4-1

2-LS2-2*

K-2-ETS1-1
	LS2.A: Interdependent relationships in ecosystems

LS4.D: Biodiversity and humans

ETS1.B: Developing possible solutions

	
	Brief Summary

	
	Plant and animals depend on the availability of resources in their ecosystem to grow. The diversity of plants and animals in different habitats also depends on the availability of these resources. 


	Grade 2-Unit 1: Identifying and locating features of the geosphere and biosphere

	How can we represent the land around us? 
What are the different kinds of land and bodies of water?
Where can we find water on Earth? 
Where can we find ice on Earth? 

	Highlighted Crosscutting Concepts: Patterns, Energy and Matter


	Highlighted Science and Engineering Practices: 

· Develop solutions

· Developing and using models



	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

2-ESS2-3.
Obtain information to identify where water is found on Earth and that it can be solid or liquid.
[Note: no clarification statement or assessment boundary is included in this PE]
2-ESS2-2.
Develop a model to represent the shapes and kinds of land and bodies of water in an area.  
[Assessment Boundary: Assessment does not include quantitative scaling in models]



Background for Teachers
In second grade, students continue developing their understanding of Earth’s systems by acquiring the capacity to draw maps representing characteristic features of familiar areas first, then moving to more complex mapping of regions and interpreting existing maps. This capacity of observing, reproducing, and creating maps will allow students in subsequent grades to make sense of patterns on Earth’s surface and begin their understanding of plate tectonics as the unifying theory that explains past and current movements of rocks on Earth’s surface. 
One of the major features of Earth is the presence of abundant amounts of liquid water. Water has unique physical and chemical properties that are central to the processes occurring on Earth. These properties include water’s ability to absorb, store, and release large amounts of energy as it change state.  These properties fundamentally affect Earth’s systems. For example, the expansion of water as it freezes contributes to breaking of rocks and rock erosion, and the ability of water to store energy as heat contributes to keeping costal temperatures within moderate ranges.     

Water is found everywhere on Earth’s surface in different forms depending on temperature and pressures. Gravity is the force that moves water in different states through Earth’s surface, interior, and atmosphere.  This movement contributes to shaping the land, transports sediments, and dissolves Earth’s materials.

At this grade level, however, students explore only the liquid and solid state of water and recognize the presence of water on maps. This unit is closely linked to Unit 2 in this grade level.
Description of Unit
In this unit, students develop their ability to make and use map-based models to record or interpret information about geographic features. They begin by observing their surroundings, for example the classroom or schoolyard, and use that information to draw a map or use a map made by another student to find an object. 

Students then collaborate in gathering information from a particular location, paying attention to collecting and recording accurate data. They locate information on maps provided by the teacher and make their own maps. The teacher leads them to ask questions about the geographic features or observed patterns and to analyze and relate features of their maps so patterns can emerge and claims can be supported with evidence. For example, students may develop questions and, based on their observations, relate the pattern of areas with more plants to physical features such as shade or availability of water. The may relate the presence of particular birds to particular plant or water features to answer these questions. 

Students move from observing and representing small spaces or designed spaces to creating models of larger spaces such as the entire school or a park, including developing and interpreting ways to indicate variations in topography. Students are not expected to construct detailed topographic maps, but they need to develop their own ways of representing hills and valleys before being introduced to maps that include topological contours and learning to interpret them. They then use the map of their town, a local park or region, or their entire state with the intent of obtaining information about geographic and environmental features in their region.  
Students are then asked to gather and use information to identify and represent where certain kinds of lands and bodies of water are found on Earth and the locations of dominant geographic features such as mountain ranges, glaciers, ice caps, oceans, major rivers and lakes. The intent is not for students to memorize these locations but to analyze and interpret patterns found in them, such as how different bodies of water are connected to each other.

Students then ask questions and design investigations to develop an understanding of the conditions under which water freezes (temperature and salinity variation) and the time it takes for a given amount of ice to melt at different external temperatures. They can then apply this understanding to interpret and explain where certain ice features are found on maps provided by the teacher and what this tells us about temperature ranges in those regions. The idea of the difference in regional average temperatures and of a cycle of temperature changes and range over the year is introduced through discussions and analysis of temperature maps available from online sources. , Students analyze and argue from evidence about the relationships of major features of temperature maps and those of their geographic maps. 

	Grade 2-Unit 2: How landforms change

	What natural processes cause changes in landforms?

What are the causes of quick change? 

What processes result in slow changes?

	Highlighted Crosscutting Concepts: Stability and Change

	Highlighted Science and Engineering Practices: 

· Obtaining, evaluating, and communicating information

· Designing solutions



	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

2-ESS1-1. Use information from several sources to provide evidence that Earth events can occur quickly or slowly.  
[Clarification Statement:  Examples of events and timescales could include volcanic explosions and earthquakes, which happen quickly and erosion of rocks, which occurs slowly.] [Assessment Boundary:  Assessment does not include quantitative measurements of timescales.]
2-ESS2-1. Compare multiple solutions designed to slow or prevent wind or water from changing the shape of the land.*  
[Clarification Statement: Examples of solutions could include different designs of dikes and windbreaks to hold back wind and water, and different designs for using shrubs, grass, and trees to hold back the land.]
K-2-ETS1-2.
Develop a simple sketch, drawing, or physical model to illustrate how the shape of an object helps it function as needed to solve a given problem.

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.




Background for Teachers
In order to reconstruct and understand events occurring on Earth’s past and current history, Earth scientists observe and use structure, sequence, and properties of rocks and sediments.  Interaction of these Earth’s materials with water and wind causes them to erode, change, or be transported to different locations. 

This unit does not require introducing changes to the continents and mountain uplift due to plate tectonics. However, students may raise questions and ideas that relate to such changes. These questions will need to be accommodated and discussed in the context of the unit, but instruction and learning should focus on the processes of wind and water erosion and catastrophic natural events, such as earthquakes and volcano eruptions.
What types of changes are considered to be quick or slow relative to the time scale in the Earth systems? A quick change could be defined as the sudden (within minutes or hours) eruption of a volcano with explosions of gases, ash, lapilli (the small rocks falling out of the air during a volcanic eruption), and lava, though it may then take several weeks before its activity subsided. A slow change might be the erosion of a stream valley by the stream.  This understanding supports students to deepen their ability to use the crosscutting concept of stability and change to characterize observations of events with greater details.
Description of Unit
In this unit, students gather information about landforms that display different and interesting shapes (where possible, use local examples) and also engage in classroom experiments that investigate the impact of moving water on different types of soil and rocks. These activities generate observations regarding which type of soil is subject to a more rapid change as water moves through. For example, in a small amount of time slow-moving water may not significantly change the rocky bottom of a river, but the change is more observable when the bottom of the river is sandy.

To investigate different situations or events, students analyze data and engage in argumentation to develop explanations of how wind or water (or a combination of the two) could be responsible for certain features of the way the land is shaped. The location of the land affected by wind or water can be close to the students’ community first and then move to a larger scale with visual resources provided to present examples of water erosion, silting of flooded regions or river delta formation, and wind-driven shaping of sandstone.

Students complete this unit by gathering information from multiple sources (e.g., reading from textbook or magazine articles appropriate to their grade level, collecting pictures, and using selected online and video materials) regarding the processes and timescales in which water and wind shape the land. They synthesize information from several sources to provide evidence and reasoning to support the claim some events happen quickly (e.g., flood, hurricane, mudslide), while others occur over extended time (e.g., erosion of rocks by repeated freezing and thawing of water). They investigate evidence from maps that show occurrences of other sudden natural catastrophic events, such as volcanic eruptions, and earthquakes, and discuss how these events have changed the land quickly in certain locations in the past. Students are also encouraged to argue to support claims about the risks of various types of such catastrophic events in their region and to develop suggestions about what can be done to minimize damage in such an event.

Engineering Connection
Students then analyze a local problem caused by wind or water (e.g., flooding, erosion, crop damage) and design a possible solution to slow or prevent the problem. Students make models of the scenario so they can test their ideas and collect data about the impact of their solution on the problem. For example, students could construct barriers that stop water from running down a slope. By analyzing and sharing their data, students compare different engineering design solutions to the problem to evaluate their strength and the weaknesses and their overall effectiveness in slowing or preventing this problem.

	Grade 2-Unit 3: Matter and its properties

	How can we describe different types of matter? 

What properties are important and useful to consider?
How are materials similar and different from one another, and how do the properties of the materials relate to their use?

	Highlighted Crosscutting Concepts: Patterns, Energy and Matter

	Highlighted Science and Engineering Practices: 

· Analyzing and interpreting data

· Planning and carrying out investigations

	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

2-PS1-1.
Plan and conduct an investigation to describe and classify different kinds of materials by their observable properties.
[Clarification Statement:  Observations could include color, texture, hardness, and flexibility. Patterns could include the similar properties that different materials share.]
2-PS1-2.
Analyze data obtained from testing different materials to determine which materials have the properties that are best suited for an intended purpose.*  
[Clarification Statement:  Examples of properties could include, strength, flexibility, hardness, texture, and absorbency.] [Assessment Boundary:  Assessment of quantitative measurements is limited to length.]

K-2-ETS1-3. Analyze data from tests of two objects designed to solve the same problem to compare the strengths and weaknesses of how each performs.
2-PS1-3.
Make observations to construct an evidence-based account of how an object made of a small set of pieces can be disassembled and made into a new object.

[Clarification Statement: Examples of pieces could include blocks, building bricks, or other assorted small objects.]
2-PS1-4.
Construct an argument with evidence that some changes in matter, caused by mixing, heating or cooling can be reversed and some cannot.  
[Clarification Statement:  Examples of reversible changes could include materials such as water and butter at different temperatures. Examples of irreversible changes could include cooking an egg, freezing a plant leaf, and heating paper.]
*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.




Background for Teachers
This unit develops students’ ideas and language about matter and its conservation, a concept that will be further developed and deepened in subsequent grades.  The focus is chiefly on solids and liquids, as it is difficult for students at this level to visualize a gas as scientists do or to see it as something rather than nothing. Hence, the activities deal chiefly with large scale changes in matter and begins to develop the idea that some changes are easily reversed. For example, ice can be melted and re-frozened, or salt can be dissolved in water and recovered by evaporation. Other changes cannot be reversed, for example, cooking an egg, baking a cake, or burning a piece of paper or wood in a fire. These original materials cannot be recovered The unit also begins to develop students’ language and ideas around classifying materials by their properties, and noting that different materials have different uses because the use requires particular properties.  These uses are related to the function of the materials, which is based on their structure.
The unit also takes a first step toward the idea of substructure within matter at a scale too small to see. The intent of this unit is not for the students to understand the existence of atoms or molecules, rather it simply develops the idea that some objects can be put together with only a few different types of elemental objects in multiple different ways to make many distinct types of objects. These elemental objects could be blocks that interconnect to each other or other small objects that allow building bigger objects. The purposes of the unit are to focus students’ attention on things and phenomena that seem unremarkable because they are part of their everyday experience, and to lead students to ask questions about the how and why of these familiar things as they organize the patterns they observe.
Description of Unit
This unit focuses on physical science concepts about matter and its observable properties, and it links to Unit 1 as students generalize their understanding of freezing and thawing of water to other reversible and non-reversible changes of matter. 
When students make observations of everyday objects (clothing, cooking utensils, toys, houses) that are made of different materials, the teacher asks questions such as “What properties does the material have that are important to the way we use this object?” The questions prompt students to ask further questions about materials. Over time, they begin to analyze and classify materials based on observable properties such as solid or liquid, texture, hardness, absorbency, and flexibility. 

Small groups of students undertake projects in which they design an object intended for a particular function. The design process starts by students defining the problem to be solved, considering the constraints, and making a list of the desired properties of the object and the materials and tools they will need to use in order to build it. They might assess each material’s individual properties and how they work together in concert to meet the needs specified for the product. Students should construct a prototype and then collect and analyze data to evaluate the strengths and weaknesses of their own and other groups’ designs based on stated criteria. After this analysis, student develop a joint design for the entire class that will outperform the initial designs.

This notion of persistence (or stability) and change in matter is then extended as students investigate conditions under which objects mixed or fastened together can or cannot be separated back into their original components. Students also observe changes in properties of matter occur in many everyday situations (cooking an egg, mixing substances that react but do not give off gases, melting and attempting to solidify a variety of substances such as water, cooking oil, ice-cream, or butter). These changes do not change the amount of matter (as measured by weight). 
Through multiple experiences with matter changes, students develop understanding that some changes can be reversed and others cannot. They are able to relate this idea to the evidence about the melting and freezing of water and the erosion of rocks in units 1 and 2. The goal here is not to characterize physical or chemical changes, but rather for students to recognize matter changes its properties under various conditions, including sometimes when it is brought into contact with other matter, and only a limited number of these changes can be reversed.
Engineering Connection

Students are given a supply of small objects such as building blocks or the same materials they used in previous lessons. They are asked to reflect and provide evidence that many different structures or objects can be made from the same set of components and an object made up of smaller parts can sometimes be taken apart and the parts used to build something quite different. The ideas emphasized here are to make or build something we need a certain amount of particular types of matter, things we no longer use do not disappear but must be disposed of, and the materials in them may be recycled for other uses. These ideas are introduced through questions, classroom activities, readings, and discussions of examples supported with visual materials. 

	Grade 2-Unit 4: Biodiversity

	What do plants need to grow? What more do they need to thrive as a population?

What regions have greater diversity and abundance of plants and animals, what conditions promote such diversity and/or abundance? 

How can we record and analyze information about what grows where?

What do plants need to grow? How many types of living things live in a place?

	Highlighted Crosscutting Concepts: Patterns, Cause and Effect

	Highlighted Science and Engineering Practices: 

· Designing solutions

· Analyzing and interpreting data

· Planning and carrying out investigations

	CA NGSS Performance Expectations:

Students who demonstrate understanding can:

2-LS2-1.
Plan and conduct an investigation to determine if plants need sunlight and water to grow.  

[Assessment Boundary: Assessment is limited to testing one variable at a time.]

2-LS4-1.
Make observations of plants and animals to compare the diversity of life in different habitats.

[Clarification Statement:  Emphasis is on the diversity of living things in each of a variety of different habitats.] [Assessment Boundary:  Assessment does not include specific animal and plant names in specific habitats.]
2-LS2-2.  Develop a simple model that mimics the function of an animal in dispersing seeds or pollinating plants.*

[Note: there is no clarification statement or assessment boundary for this PE.]

K-2-ETS1-1. Ask questions, make observations, and gather information about a situation people want to change to define a simple problem that can be solved through the development of a new or improved object or tool.

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.




Background for Teachers
In this unit, students build on their experiences from kindergarten and first grade about needs of plants and animals to make observations and develop maps that describe the variety and abundance of plants and animals that occupy different habitats. These experienced laid the groundwork for investigating the needs of plants and how these needs are met in different habitats.  The experiences build on the ideas that ecosystems are composed of multiple parts, including biological components (plants and animals) and physical components (e.g., water, light, soil, air). Living organisms within an ecosystem will survive and grow only if their needs are met. Different ecosystems provide different resources to plants and animals, and the variety of organisms in certain habitats depends on the availability and abundance of these resources. Animals can move around in a habitat, while plants cannot. This lack of mobility creates a dependence of plants on animals for pollination or to move seeds around.
The crosscutting concepts of patterns and cause and effect are used by students in combination as they organize their observations into patterns to identify the effects and to subsequently investigate the causes of the patterns.
Description of Unit
Students plan and conduct investigations and gather evidence to develop a model they can use to support an argument that plants need air, water, and sunlight (or a light similar to that provided by the sun) to grow. Based on this fundamental understanding, students then examine and compare the variety and abundance of plants and other life forms in different habitats. They can do so by applying their learning in unit 1 by creating maps from observable environments and comparing the diversity of living things present in different habitats around their school or in a nearby park. Students compare these observations and develop arguments about the bodies of water and the landforms present and their relationship with the abundance and variety of life forms present in different locations.

Engineering Connection
Students further use their maps and models to support an argument that plants’ survival and abundance as a species also depends on their ability to pollinate and spread their seeds. Many plants depend on the animals present in their environment for these functions. Students deepen their understanding of this idea by making a model of how the structure of the plant and the pollinator are related to how this function occurs for particular examples of plant/pollinator pairings. Students obtain information about problems related to plant pollination or seed dispersal in agriculture and design a simple device that can be used to mimic the function of natural pollinator or seed dispersal to solve a problem for a particular plant. Students can compare their solutions by testing their devices to see how well they pollinate or disperse seeds.  Using the evidence from their tests, they can engage in argument to compare and contrast the characteristics of different devices.
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.

Progression of Scientific and Engineering Practices in Grades K-2

(Adapted from NGSS Lead States 2013c)
	Scientific and Engineering Practices
	Grades K-2

	1. Asking questions (for science) and defining problems (for engineering) 


	Asking questions and defining problems in K–2 builds on prior experiences and progresses to simple descriptive questions that can be tested. 
(  Ask questions based on observations to find more information about the natural and/or designed world(s). 
(  Ask and/or identify questions that can be answered by an investigation. 
(  Define a simple problem that can be solved through the development of a new or improved object or tool. 

	2. Developing and using models 


	Modeling in K–2 builds on prior experiences and progresses to include using and developing models (e.g., diagram, drawing, physical replica, diorama, dramatization, or storyboard) that represent concrete events or design solutions. 
(  Distinguish between a model and the actual object, process, and/or events the model represents. 
(  Compare models to identify common features and differences. 
(  Develop and/or use a model to represent amounts, relationships, relative scales (bigger, smaller), and/or patterns in the natural and designed world(s). 
(  Develop a simple model based on evidence to represent a proposed object or tool. 

	3. Planning and carrying out investigations 


	Planning and carrying out investigations to answer questions or test solutions to problems in K–2 builds on prior experiences and progresses to simple investigations, based on fair tests, which provide data to support explanations or design solutions. 
(  With guidance, plan and conduct an investigation in collaboration with peers (for K). 
(  Plan and conduct an investigation collaboratively to produce data to serve as the basis for evidence to answer a question. 
(  Evaluate different ways of observing and/or measuring a phenomenon to determine which way(s) can answer a question. 
(  Make observations (firsthand or from media) and/or measurements to collect data that can be used to make comparisons. 
(  Make observations (firsthand or from media) and/or measurements of a proposed object or tool or solution to determine if it solves a problem or meets a goal.
( Make predictions based on prior experiences. 

	4. Analyzing and interpreting data 


	Analyzing data in K–2 builds on prior experiences and progresses to collecting, recording, and sharing observations. 
(  Record information (observations, thoughts, and ideas). 
(  Use and share pictures, drawings, and/or writings of observations. 
(  Use observations (firsthand or from media) to describe patterns and/or relationships in the natural and designed world(s) in order to answer scientific questions and solve problems. 
(  Compare predictions (based on prior experiences) to what occurred (observable events). 
(  Analyze data from tests of an object or tool to determine if it works as intended. 


	5. Using mathematics, informational computer technology (for engineering) and computational thinking 


	Mathematical and computational thinking in K–2 builds on prior experience and progresses to recognizing mathematics can be used to describe the natural and designed world(s). 
(  Decide when to use qualitative vs. quantitative data. 
(  Use counting and numbers to identify and describe patterns in the natural and designed world(s). 
(  Describe, measure, and/or compare quantitative attributes of different objects and display the data using simple graphs. 
(  Use quantitative data to compare two alternative solutions to a problem. 


	6. Constructing explanations (for science) and designing solutions (for engineering) 


	Constructing explanations and designing solutions in K–2 builds on prior experiences and progresses to the use of evidence and ideas in constructing evidence- based accounts of natural phenomena and designing solutions. 
(  Make observations (firsthand or from media) to construct an evidence-based account for natural phenomena. 
(  Use tools and/or materials to design and/or build a device that solves a specific problem or a solution to a specific problem. 
(  Generate and/or compare multiple solutions to a problem. 


	7. Engaging in argument from evidence 


	Engaging in argument from evidence in K–2 builds on prior experiences and progresses to comparing ideas and representations about the natural and designed world(s). 
(  Identify arguments supported by evidence. 
(  Distinguish between explanations that account for all gathered evidence and those that do not. 
(  Analyze why some evidence is relevant to a scientific question and some is not. 
(  Distinguish between opinions and evidence in one’s own explanations. 
(  Listen actively to arguments to indicate agreement or disagreement based on evidence, and/or to retell the main points of the argument. 
(  Construct an argument with evidence to support a claim. 
(  Make a claim about the effectiveness of an object, tool, or solution that is supported by relevant evidence. 


	8. Obtaining, evaluating, and communicating information 


	Obtaining, evaluating, and communicating information in K–2 builds on prior experiences and uses observations and texts to communicate new information. 
(  Read grade-appropriate texts and/or use media to obtain scientific and/or technical information to determine patterns in and/or evidence about the natural and designed world(s). 
(  Describe how specific images (e.g., a diagram showing how a machine works) support a scientific or engineering idea. 
(  Obtain information using various texts, text features (e.g., headings, tables of contents, glossaries, electronic menus, icons), and other media that will be useful in answering a scientific question and/or supporting a scientific claim. 
(  Communicate information or design ideas and/or solutions with others in oral and/or written forms using models, drawings, writing, or numbers that provide detail about scientific ideas, practices, and/or design ideas. 



Progression of Crosscutting Concepts in Grades K-2

(Adapted from NGSS Lead States 2013d) 
	Crosscutting Concept
	K-2

	1. Patterns. 
Observed patterns of forms and events guide organization and classification, and they prompt questions about relationships and the factors that influence them.
	Students recognize patterns in the natural and human designed world can be observed, used to describe phenomena, and used as evidence. 

	2. Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, sometimes multifaceted. A major activity of science is investigating and explaining causal relationships and the mechanisms by which they are mediated. Such mechanisms can then be tested across given contexts and used to predict and explain events in new contexts.
	Students learn events have causes that generate observable patterns. They design simple tests to gather evidence to support or refute their own ideas about causes. 



	 3. Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what is relevant at different measures of size, time, and energy and to recognize how changes in scale, proportion, or quantity affect a system’s structure or performance.
	Students use relative scales (e.g., bigger and smaller; hotter and colder; faster and slower) to describe objects. They use standard units to measure length. 



	4. 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.
	Students understand objects and organisms can be described in terms of their parts and systems in the natural and designed world have parts that work together. 



	5. Energy and matter: Flow, cycles and conservation. Tracking fluxes of energy and matter into, out of, and within systems helps one understand the systems’ possibilities and limitations.
	Students observe objects may break into smaller pieces, be put together into larger pieces, or change shapes. 



	6. Structure and function. The way in which an object or living thing is shaped and its substructure determine many of its properties and functions.
	Students observe the shape and stability of structures of natural and designed objects are related to their function(s). 



	7. Stability and change. For natural and built systems alike, conditions of stability and determinants of rates of change or evolution of a system are critical elements of study.
	Students observe some things stay the same while other things change, and things may change slowly or rapidly. 


Disciplinary Core Ideas in the Next Generation Science Standards
(Adapted from NGSS Lead States 2013b)
	Disciplinary Core Idea
	Kindergarten
	Grade 1
	Grade 2

	Life Science – LS1: From Molecules to Organisms: Structure and Processes

How do organisms live, grow, respond to their environment, and reproduce?

	LS1.A: Structure and Function

How do the structures of organisms enable life’s functions?
	
	· All organisms have external parts. Different animals use their body parts in different ways to see, hear, grasp objects, protect themselves, move from place to place, and seek, find, and take in food, water and air. Plants also have different parts (roots, stems, leaves, flowers, fruits) that help them survive and grow. (1-LS1-1*)
	

	LS1.B: Growth and Development of Organisms

How do organisms grow and develop?
	
	· Adult plants and animals can have young. In many kinds of animals, parents and the offspring themselves engage in behaviors that help the offspring to survive. (1-LS1-2)
	

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

How do organisms obtain and use the matter and energy they need to live and grow?
	· 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. (K-LS1-1)
	
	

	LS1.D: Information Processing

How do organisms detect, process, and use information about the environment?


	
	· Animals have body parts that capture and convey different kinds of information needed for growth and survival. Animals respond to these inputs with behaviors that help them survive. Plants also respond to some external inputs. (1-LS1-1)
	

	Life Science – LS2: Ecosystems: Interactions, Energy, and Dynamics 
How and why do organisms interact with their environment and what are the effects of these interactions?

	LS2.A: Interdependent Relationships in Ecosystems

How do organisms interact with the living and nonliving environment to obtain matter and energy?
	
	
	· Plants depend on water and light to grow. (2-LS2-1)

· Plants depend on animals for pollination or to move their seeds around. (2-LS2-2) 

	Not introduced at this grade band - LS2.B: Cycles of Matter and Energy Transfer in Ecosystems; LS2.C: Ecosystems Dynamics; LS2.D: Social Interaction and Group Behavior.

	Life Science – LS3: Heredity: Inheritance and Variation of Traits 

How are characteristics of one generation passed to the next?

How can individuals of the same species and even siblings have different characteristics?

	LS3.A: Inheritance of Traits 

How are the characteristics of one generation related to the previous generation?


	
	· Young animals are very much, but not exactly like, their parents. Plants also are very much, but not exactly, like their parents. (1-LS3-1)
	

	LS3.B: Variation of Traits 

Why do individuals of the same species vary in how they look, function, and behave?


	
	· Individuals of the same kind of plant or animal are recognizable as similar but can also vary in many ways. (1-LS3-1)
	

	Life Science - LS4: Biological Evolution: Unity and Diversity 

How can there be so many similarities among organisms yet so many different kinds of plants, animals, and microorganisms? How does biodiversity affect humans?

	Not introduced at this grade band - LS4.A: Evidence of Common Ancestry and Diversity; LS4.B: Natural Selection; LS4.C: Adaptation 

	LS4.D: Biodiversity and Humans

What is biodiversity, how do humans affect it, and how does it affect humans? 


	
	
	· There are many different kinds of living things in any area, and they exist in different places on land and in water. (2-LS4-1)


	Disciplinary Core Idea
	Kindergarten
	Grade 1
	Grade 2

	PS1: Matter and Its Interactions

How can one explain the structure, properties, and interactions of matter?

	PS1.A: Structure and Properties of Matter

How do particles combine to form the variety of substances one observes? 


	
	
	· Different kinds of matter exist and many of them can be either solid or liquid, depending on temperature. Matter can be described and classified by its observable properties. (2-PS1-1)

· Different properties are suited to different purposes. (2-PS1-2),(2-PS1-3)

· A great variety of objects can be built up from a small set of pieces. (2-PS1-3)

	PS1.B: Chemical Reactions

How do substances combine or change (react) to make new substances?

How does one characterize and explain these reactions and make predictions about them?
	
	
	Heating or cooling a substance may cause changes that can be observed. Sometimes these changes are reversible, and sometimes they are not. (2-PS1-4)

	PS1.C: Nuclear Processes

What forces hold nuclei together ad mediate nuclear processes?
	
	
	

	PS2: Motion and Stability: Forces and Interactions

How can one explain and predict interactions between objects and within systems?

	PS2.A: Forces and Motion

How can one predict an object’s continued motion, changes in motion, or stability?

	· Pushes and pulls can have different strengths and directions. (K-PS2-1)(K-PS2-2)

· Pushing or pulling on an object can change the speed or direction of its motion and can start or stop it. (K-PS2-1)(K-PS2-2)
	
	

	PS2.B: Types of Interactions
What underlying forces explain the variety of interactions observed?
	When objects touch or collide, they push on one another and can change motion. (K-PS2-1)


	
	

	PS2.C: Stability and Instability in Physical Systems 
Why are some physical systems more stable than others?
	
	
	

	PS3: Energy

How is energy transferred and conserved?

	PS3.A: Definitions of Energy

What is energy?


	
	
	

	PS3.B: Conservation of Energy and Energy Transfer 

What is meant by conservation of energy?

How is energy transferred between objects or systems?
	· Sunlight warms Earth’s surface. (K-PS3-1)(K-PS3-2)
	
	

	PS3.C: Relationship Between Energy and Forces

How are forces related to energy?
	· A bigger push or pull makes things go faster. (secondary to K-PS2-1)
	
	

	PS3.D: Energy in Chemical Processes and Everyday Life 
How do food and fuel provide energy?

If energy is conserved, why do people say it is produced or used?
	
	
	

	PS4: Waves and Their Applications in Technologies for Information Transfer

How are waves used to transfer energy and information?

	PS4.A: Wave Properties

What are the characteristic properties and behaviors of waves?
	
	· Sound can make matter vibrate, and vibrating matter can make sound. (1-PS4-1)
	

	PS4.B: Electromagnetic Radiation
What is light?

How can one explain the varied effects that involve light?

What other forms of electromagnetic radiation are there?

	
	· Objects can be seen only when light is available to illuminate them. Some objects give off their own light. (1-PS4-2)

· Some materials allow light to pass through them, others allow only some light through and others block all the light and create a dark shadow on any surface beyond them, where the light cannot reach. Mirrors can be used to redirect a light beam. (1-PS4-3)
	

	PS4.C: Information Technologies and Instrumentation. 
How are instruments that transmit and detect waves used to extend human senses?
	
	· People also use a variety of devices to communicate (send and receive information) over long distances. (1-PS4-4)


	


	Disciplinary Core Idea
	Kindergarten
	Grade 1
	Grade 2

	Core Idea ESS1: Earth’s Place in the Universe 

What is the universe, and what is Earth’s place in it?

	ESS1.A: The Universe and Its Stars 

What is the universe, what goes on in stars?
	
	· Patterns of the motion of the sun, moon, and stars in the sky can be observed, described, and predicted. (1-ESS1-1)


	

	ESS1.B: Earth and the Solar System 

What are the predictable patterns caused by Earth’s movement in the solar system?
	
	· Seasonal patterns of sunrise and sunset can be observed, described, and predicted. (1-ESS1-2)


	

	ESS1.C: The History of Planet Earth 

How do people reconstruct and date events in Earth’s planetary history?
	
	
	Some events happen very quickly; others occur very slowly, over a time period much longer than one can observe. (2-ESS1-1)

	Core Idea ESS2: Earth’s Systems 

How and why is the Earth constantly changing?

	ESS2.A: Earth Materials and Systems

How do the major earth systems interact?
	
	
	· Wind and water can change the shape of the land. (2-ESS2-1)



	ESS2.B: Plate Tectonics and Large-Scale System Interactions 

Why do continents move, and what causes earthquakes and volcanoes?
	
	
	· Maps show where things are located. One can map the shapes and kinds of land and water in any area. (2-ESS2-2)

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

How do the properties and movements of water shape the Earth’s surface and affect its 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. (secondary to K-ESS2-2)
	
	· Water is found in the ocean, rivers, lakes, and ponds. Water exists as solid ice and in liquid form. (2-ESS2-3)



	ESS2.D: Weather and Climate

What regulates weather and climate?


	· Weather is the combination of sunlight, wind, snow or rain, and temperature in a particular region at a particular time. People measure these conditions to describe and record the weather and to notice patterns over time. (K-ESS2-1)


	
	

	ESS2.E: Biogeology

How do living organisms alter Earth’s processes and structures? 


	· Plants and animals can change their environment. (K-ESS2-2)


	
	

	Core Idea ESS3: Earth and Human Activity

How do Earth’s surface processes and human activities affect each other?

	ESS3.A: Natural Resources

How do humans depend on Earth’s resources?
	· Living things need water, air, and resources from the land, and they live in places that have the things they need. Humans use natural resources for everything they do. (K-ESS3-1)


	
	

	ESS3.B: Natural Hazards

How do natural hazards affect individuals and societies? 
	· Some kinds of severe weather are more likely than others in a given region. Weather scientists forecast severe weather so that the communities can prepare for and respond to these events. (K-ESS3-2)


	
	

	ESS3.C: Human Impacts on Earth Systems

How do humans change the planet? 
	· 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. (K-ESS3-3)
	
	

	ESS3.D: Global Climate Change

How do people model and predict the effect of human activities in Earth’s climate? 
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Chapter at a Glance





Introduction to Grade K–2


Kindergarten


Grade K Unit 1: Forces and interactions: pushes and pulls


Grade K Unit 2: Needs of animals and plants and their 


environment


Grade K Unit 3: Animals and plants can change their 


environment


Grade K Unit 4: Weather and climate





	Grade 1


Grade 1 Unit 1: Family and family behavior


Grade 1 Unit 2: Meeting survival needs


Grade 1 Unit 3: Light and sound properties and uses


Grade 1 Unit 4: Patterns of motion of objects in the sky





	Grade 2


Grade 2 Unit 1: Identifying and locating features of the geosphere and biosphere


Grade 2 Unit 2: How landforms change


Grade 2 Unit 3: Matter and its properties


Grade 2 Unit 4: Biodiversity
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Figure 3:  This figure shows a small space in a classroom that has been set up as observation station and for the care and feeding of a crayfish. This space includes not only the aquarium with the habitat where the crayfish lives but also many other resources provided by the teacher (e.g. books with illustrations, pictures of crayfish from scientific texts) or generated by the students during the course of their investigations on the crayfish (see for example a drawing made by a student). 
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Adapted with permission, from Ms. G.A. Adams’s classroom.
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