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Chapter at a Glance
Introduction

The State Superintendent’s report, A Blueprint for Great Schools (California Department of Education [CDE] 2011) and the California State Board of Education’s (SBE) mission statement outline the following vision for all California’s students:
All California Students of the 21st Century will attain the highest level of academic knowledge, applied learning, and performance skills to ensure fulfilling personal lives and careers, and contribute to civic and economic progress in our diverse and changing democratic society (SBE 2012).
With the adoption of the Next Generation Science Standards for California Public Schools, Grades Kindergarten Through Grade Twelve (CA NGSS) in September 2013, the SBE provided all science educators in California with a blueprint to achieve that vision.

Through the implementation of the CA NGSS, all students kindergarten through grade twelve (K–12)  will have the opportunity to thrive in a 21st century world which demands an increasingly sophisticated ability to make personal decisions, use technology proficiently, solve humanity’s current and future challenges, and participate wisely in a democratic society. At the same time, the CA NGSS will ensure that K–12 science education strives to achieve the same vision of the National Research Council’s A Framework for K–12 Science Education:
The overarching goal of our framework for K–12 science education is to ensure that by the end of 12th grade, all students have some appreciation of the beauty and wonder of science; possess sufficient knowledge of science and engineering to engage in public discussions on related issues; are careful consumers of scientific and technological information related to their everyday lives; are able to continue to learn about science outside school; and have the skills to enter careers of their choice, including (but not limited to) careers in science, engineering, and technology. (National Research Council [NRC] 2012, 1)
These new CA NGSS work in combination with the adopted standards in other disciplines, including the California Common Core State Standards for English Language Arts and Literacy (CA CCSS for ELA/Literacy), California Common Core State Standards for Mathematics (CA CCSSM), and the California English Language Development Standards (CA ELD). Used together, they outline a high-quality educational program for all students, a pathway for fulfilling the vision expressed at the beginning of this section.

Background of the Next Generation Science Standards
The release in April 2013 of the national version of the Next Generation Science Standards (NGSS) completed the two-step process for developing a new set of internationally benchmarked science standards. The first step consisted of a study conducted by the National Research Council (NRC) of the National Academy of Sciences that culminated in July 2011 with the release of the report A Framework for K–12 Science Education (NRC 2012). The NRC Framework drew upon available research on learning, teaching, and existing knowledge on standards-based education reforms relevant to science education accumulated in the past 15-20 years (NRC 2012). It provides a vision for science education for all K–12 students and defines the core content that all students should learn by the end of twelfth grade. The NRC Framework was also designed to be the basis for the development of the national version of the NGSS. The NGSS were completed in April of 2013 through a collaborative, state-led process, facilitated by the non-profit organization Achieve, Inc. California was one of the 26 Lead States
 to accept the invitation by Achieve to provide recommendations on the NGSS development, both through a state-specific science expert team of 80 members and through public feedback.  During the process of SBE’s adoption of the standards, a few of the NGSS clarification statements in the standards were modified
. With the exception of those few modifications, the CA NGSS are nearly identical to the NGSS. For a complete history of the adoption of the CA NGSS visit http://www.cde.ca.gov/pd/ca/sc/ngssintrod.asp.
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Vision of the NRC Framework

The vision for science learning developed in the NRC Framework is fully embedded in the vision of the NGSS and guided their development. This vision emphasizes a progression for learning that includes three key features: 1) the development of scientific core ideas across multiple years; 2) the use of science and engineering practices with increasing sophistication across the grade levels; and 3) the application and ongoing development to use the crosscutting concepts as tools to understand and connect learning in the various disciplines of science. These key features are referred to in the NRC Framework as the three dimensions of learning. The logo of the NGSS, shown in figure 1, offers a graphic view of the intertwining of the three dimensions. The selection of a Möbius
 strip, which has one continuous surface, as the symbol for the NGSS points out that these three dimensions have no beginning and no end and should be fully integrated as they are implemented in classrooms across K–12. The assessable standards in the NGSS are written as performance expectation statements that interconnect all the three dimensions.


Three-dimensional learning in the classroom occurs as students engage in the science and engineering practices and use the crosscutting concepts to explain phenomena underlying the scientific core ideas. Figure 2 provides a graphical representation of this concept. 

The NRC Framework remains a critical document to inform educators and curriculum developers regarding the broader context and research-base of these connections and will serve as a guide to develop a deeper understanding of the CA NGSS as teachers implement the needed shifts to their classroom practice.  
In the next section, the three dimensions are briefly addressed. The 
Overview of the Next Generation Science Standards chapter contains detailed descriptions of each of these elements and how they are used together to build the conceptual structure of understandings and knowledge of science in the CA NGSS. 
The Three Dimensions of Science Learning


The NRC Framework, and thus the CA NGSS, describes science and engineering education as the nexus of three dimensions of learning that students must acquire to be able to apply their understandings and knowledge. The three dimensions are:
· Dimension 1: Science and Engineering Practices (SEP)

· Dimension 2: Crosscutting Concepts (CCC)
· Dimension 3: Disciplinary Core Ideas (DCI)
These three dimensions are intertwined in a coherent and connected way in each performance expectation of the CA NGSS across K–12.  Below, a short summary of each dimension is presented. A more detailed discussion of these dimensions is included in the Overview of the Next Generation Science Standards chapter.

The science and engineering practices (SEP) not only provide a description of what scientists and engineers do to develop their knowledge or design solutions to problems, but they also provide a statement of what students need to be able to do in order to develop their understanding of scientific ideas and the nature of science. This aspect of the SEPs emphasizes that students need to develop a scientific habit of mind in order to understand how scientific theories are developed, tested, and refined. Engagement in the practices is also a key element of what students must do to incorporate the science that they are learning into their conceptual view of the world and to be able to apply it when they encounter new problems. 
	Table 1 - Dimension 1: CA NGSS Science and Engineering Practices

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

	2. Developing and using models

	3. Planning and carrying out investigations

	4. Analyzing and interpreting data

	5. Using mathematics and computational thinking

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

	7. Engaging in argument from evidence

	8. Obtaining, evaluating, and communicating information



The crosscutting concepts (CCC) provide the basis for useful conceptual tools and guiding questions that can be applied across all fields of science and engineering. These concepts help students and educators recognize the inter-connected nature of scientific knowledge and ideas from the various disciplines. The CCC also provide a conceptual structure for developing questions that can be incorporated into the use of the practices to understand or address new problems and interpret unfamiliar phenomena. 
	Table 2 - Dimension 2: CA NGSS Crosscutting Concepts

	1. Patterns

	2. Cause and Effect

	3. Scale Proportion, and Quantity

	4. Systems and System Models

	5. Energy and Matter

	6. Structure and Function

	7. Stability and Change



The disciplinary core ideas include ideas from four domains: physical sciences; life sciences; earth and space sciences; and engineering, technology and application of science. These core ideas serve as a critical foundation on which students build their conceptual understanding to meet the demands of the performance expectations.  The core ideas are selected as those ideas that are critical to form a foundation for understanding the natural and engineered world. Students build this understanding across the grade levels. Core ideas are defined in the disciplinary areas of physical science, life science, and earth and space science as shown in Table 3. One core idea in engineering technology and applications of science (ETS) is also defined in the NRC Framework. In the CA NGSS, ETS1 engineering design is included with specific associated performance expectations. In addition, the concepts of engineering, technology, science and society appears in the "cross-cutting concepts" column of the foundations boxes because it is critical that students recognize and discuss the applications of science in their lives and in modern society, whether in agriculture, health and medicine, infrastructure and environmental protection or modern communication technology.
Each of these dimensions is further discussed with examples in the Overview of the Next Generation Science Standards chapter.

	Table 3 - Dimension 3: CA NGSS Disciplinary Core Ideas

	Physical Science
	Life Science
	Earth and Space Science
	Engineering, Technology, and Applications of Science

	PS1: Matter and Its Interactions
PS1.A:
Structure and Properties of Matter

PS1.B:
Chemical Reactions

PS1.C:
Nuclear Processes


	LS1: From Molecules to Organisms: Structures and Processes
LS1.A:     Structure and Function

LS1.B:     Growth and Development of Organisms

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

LS1.D:
Information Processing
	ESS1: Earth’s Place in the Universe
ESS1.A:  The Universe and Its Stars

ESS1.B:  Earth and the Solar System

ESS1.C:  The History of Planet Earth


	ETS1: Engineering Design
ETS1.A:   Defining and Delimiting an Engineering Problem

ETS1.B:   Developing Possible Solutions

ETS1.C:   Optimizing the Design Solution



	PS2: Motion and Stability: Forces and Interactions
PS2.A:
Forces and Motion

PS2.B:
Types of Interactions


	LS2: Ecosystems: Interactions, Energy, and Dynamics
LS2.A:
Interdependent Relationships in Ecosystems

LS2.B:
Cycles of Matter and Energy Transfer in Ecosystems

LS2.C:
Ecosystem Dynamics, Functioning, and Resilience

LS2.D:
Social Interactions and Group Behavior
	ESS2: Earth’s Systems
ESS2.A:   Earth Materials and Systems

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

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

ESS2.D:   Weather and Climate

ESS2.E:   Biogeology


	

	PS3: Energy
PS3.A:
Definitions of Energy

PS3.B:
Conservation of Energy and Energy Transfer

PS3.C:
Relationship Between Energy and Forces

PS3.D:
Energy in Chemical Processes and Everyday Life
	LS3: Heredity: Inheritance and Variation of Traits
LS3.A:
Inheritance of Traits

LS3.B:
Variation of Traits


	ESS3: Earth and Human Activity
ESS3.A:   Natural Resources

ESS3.B:   Natural Hazards

ESS3.C:   Human Impacts on Earth Systems

ESS3.D:   Global Climate Change


	

	PS4: Waves and Their Applications in Technologies for Information Transfer
PS4.A:
Wave Properties

PS4.B: Electromagnetic Radiation

PS4.C:
Information Technologies and Instrumentation
	LS4: Biological Evolution: Unity and Diversity
LS4.A:
Evidence of Common Ancestry and Diversity

LS4.B:
Natural Selection

LS4.C:
Adaptation

LS4.D:
Biodiversity and Humans


	
	


California’s Environmental Principles and Concepts

Environment-based education programs, “… are vibrant, living programs that engage students and teachers in active learning that has meaning for their daily lives and for their futures. And, they give students from diverse backgrounds an opportunity to become active, contributing members of the global society of the twenty-first century.” (Lieberman 2013, 202)
The implementation of the CA NGSS offers the opportunity to head K-12 students towards a deeper and broader understanding of the planet’s natural systems and how humans are inextricably linked to them (disciplinary core ideas ESS2 and ESS3 in Table 3 for example). Students who understand these connections will be better prepared to address the environmental challenges of today and of the future, to mitigate and prepare for natural hazards, and to interact with the natural systems that support all life in a responsible and sustainable manner.

The California education system is a long-term supporter of environment-based science for K-12 schools.  In 2003, the California Education and the Environment Initiative (EEI), Assembly Bill 1548, was passed by California’s legislature and signed into law by the governor. This law amended Public Resources Code Section 71300-71305 and called upon state agencies, including the State Board of Education, California Department of Education, and Natural Resources Agency to work with the California Environmental Protection Agency and Integrated Waste Management Board (now California's Department of Resources Recycling and Recovery [CalRecycle]) to implement several initiatives intended to increase the environmental literacy of students throughout the state’s K–12 education system.


The first action, identification of key environmental content, resulted in the development and adoption of California’s Environmental Principles and Concepts (EP&Cs) in 2004. The law conceived of these principles and concepts as representing important “big ideas” about the environment—critical understandings that every student in the state should have.  The focus of the EP&Cs is the interactions and interdependence of human societies and natural systems. 
Table 4: California’s five adopted Environmental Principles
 
	Principle I

People Depend on Natural Systems
	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.

	Principle II

People Influence Natural Systems
	The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their relationships with human society.

	Principle III

Natural Systems Change in Ways that People Benefit from and Can Influence
	Natural systems proceed through cycles that humans depend upon, benefit from and can alter.

	Principle IV

There are no Permanent or Impermeable Boundaries that Prevent Matter from Flowing Between Systems
	The exchange of matter between natural systems and human societies affects the long-term functioning of both.

	Principle V

Decisions Affecting Resources and Natural Systems are Complex and Involve Many Factors
	Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.



In addition to requiring the development of the EP&Cs, the legislation called for the creation of a model curriculum designed to teach the principles and concepts to California’s K–12 students. In 2010, California’s State Board of Education unanimously approved the EEI curriculum for use by teachers and students across the state. The EEI curriculum included 40 units based on the California science content standards adopted in 1998
 and 45 units driven by the history/social science standards. Free online access to all EEI curriculum units is available at http://www.californiaeei.org.

The design of the EEI curriculum was intended to:

· help students achieve proficiency with selected California content standards;

· teach K–12 students the key understandings represented by California’s Environmental Principles and Concepts as a means of preparing them to understand and overcome future environmental challenges;

· support students as they develop and apply: science investigation and experimentation skills; history/social science analysis skills; English-language arts reading, writing, listening, and speaking skills; and mathematics skills; and,

· integrate well with textbooks and other instructional materials adopted by California’s State Board of Education.


The EEI curriculum predates the development of the CA NGSS and was intentionally designed to be California-centric to make the learning more relevant and engaging for California students. The instructional units provide students with opportunities to investigate the numerous environmental challenges that are important to California, for example, the elimination of over 90% of coastal wetlands, loss of biological diversity, and salinization in the San Joaquin Valley (California Department of Parks and Recreation 1988).
Appendix XX (Appropriate Alignments among Environmental Principles and Concepts (EP&Cs) and CA NGSS) of this framework provides an in-depth look into the interconnectedness of the EP&Cs and CA NGSS. It demonstrates how the goals of teaching the EP&Cs can be successfully achieved in concert with instruction designed to implement the CA NGSS.
Across the grade levels, and because of their connections to many of the disciplinary core ideas and crosscutting concepts, the EP&Cs serve to deepen students’ knowledge and preparation for achieving the Performance Expectations. Principle I: People Depend on Natural Systems, for example, relates directly to the middle school disciplinary core idea LS4.D: Biodiversity and Humans—“Changes in biodiversity can influence humans’ resources, such as food, energy, and medicines, as well as ecosystem services that humans rely on—for example, water purification and recycling.” While Principle V: Decisions Affecting Resources and Natural Systems are Complex and Involve Many Factors, exemplifies a strong connection to the Influence of Engineering, Technology, and Science on Society and the Natural World—“New technologies can have deep impacts on society and the environment, including some that were not anticipated. Analysis of costs and benefits is a critical aspect of decisions about technology.”

Audiences for the CA Science Framework
The CA Science Framework addresses four primary audiences:
(1) Science educators including those in the informal sector
(2) School and district administrators
(3) Developers and publishers of science curriculum and programs including instructional materials and other resources 
(4) Developers of professional learning for the implementation of CA NGSS
Educators, school site administrators, and curriculum developers will use this framework as a roadmap for curriculum and instruction along with the CA NGSS document, the associated CA NGSS Appendices, and the NRC Framework. All these documents need to be consulted for a deeper understanding of the challenges and solutions related to the implementation of the CA NGSS in California’s classrooms. District and school administrators need to ensure that their policies and practices support implementation of these standards in concert with those in other disciplines, and to do so they will need to understand the nature of the CA NGSS performance expectations and of classroom instruction that engages students in the three dimension of science learning.

The CA Science Framework also addresses the following audiences:
· Pre-service educators 
· In service professional developers
· Assessment developers
· Science faculty of institutions of higher educations

Unless all such professional education programs are aligned to the vision for science instruction and learning in the CA NGSS, it will be difficult to effectively implement these new standards.


Another critical audience is represented by those responsible for developing new assessments aligned to the CA NGSS.  This framework will introduce the shifts in instruction and corresponding shifts in assessment that are essential for the coherent implementation of the standards. A further valuable resource for this group is the report Developing Assessments for the Next Generation Science Standards (NRC 2014).

Science and engineering faculty at institutions of higher education in California, parents, guardians, and the larger community are also an important audience of this framework. They will find the framework useful as they develop science and engineering courses useful to future science teachers, gauge what to expect of students entering college, or help students engage in science and engineering through out-of-school learning opportunities.
Successful implementation of the CA NGSS will involve a multi-year effort focusing on strategies that build toward three-dimensional learning, while integrating the CA CCSS for ELA/Literacy and CA CCSSM as well as the CA ELD standards. A discussion of the integration with other CCSS disciplines and California frameworks is presented in chapter 3 (Overview of the Next Generation Science Standards), in chapter XX (Instructional Strategies for CA NGSS Teaching and Learning in the 21st Century), in chapter XX (Implementing High-Quality Learning for the 21st Century: Professional Learning, Leadership, and Supports), and in chapter XX (Access and Equity). This long-term process provides the opportunity for California educators to develop and align their instructional practices to the level expected by the CA NGSS. 
Organization of the California Science Framework

The development of the science framework for California is based on six guiding principles that reflect the vision for science learning for all K–12 students in California. These six principles are:


[image: image1]
A discussion of each of these principles and how they connect to the vision of the CA NGSS and the NRC Framework is included in the Guiding Principles for the Implementation of the CA NGSS chapter 2.

NOTE: The following chapter numbers and order of chapters are not final. 

The CA Science Framework is organized as follow:

· Chapter 1: Introduction to the CA Science Framework; provides a description of essential features of the CA NGSS as well as the target audience of the CA Science Framework.
· Chapter 2: Guiding Principles; describes the principles used for the development of the CA Science Framework and how they connect to the CA NGSS and the NRC Framework.
· Chapter 3: Overview; provides an overview of the three dimensions of the CA NGSS with a deeper discussion regarding how to use all three dimensions for classroom instruction. 
· Chapters 4, 5, and 6: provide examples of curriculum content and examples of instructional practices for CA NGSS in kindergarten through grade twelve. Chapter 4 includes guidelines to develop curriculum for transitional kindergarten.

· Chapter 7: guides the development of appropriate classroom-based formative and summative assessment strategies as an element of instruction and curriculum materials development, and also presents a discussion of statewide assessment. 
· Chapter # discusses key considerations related to equitable opportunities to learn science and how strategic implementation of CA NGSS with a focus on access and equity is essential to provide broader access to and higher achievement in science learning. 
· Chapter # describes the system of teacher professional learning that needs to be in place for the effective implementation of the CA NGSS. 
· Chapter # specifies the requirements and tools for evaluating and selecting science instructional resources. 
· Chapter # provides guidance to administrators regarding suggested systems of support for implementation of the CA NGSS.

The grade level chapters of this framework (chapters 4-6) offer examples for how to organize the standards into a set of units that form an instructional sequence. In each case, consideration of the requisite prior knowledge (including knowledge in other content areas such as mathematics) and the engagement in particular science and engineering practices that students will need in order to master new topics informed the sequential order of the units. In these examples, students build on learning from prior years, as well as on earlier units in the same grade level as they seek to master the standards for that grade. Emphasis on using a limited set of crosscutting concepts is also suggested for each unit to ensure that the use of a specific crosscutting concept is achieved in multiple units and that all of the CCCs are experienced and addressed in the course of a grade band. 

Brief snapshots and vignettes are included throughout the framework to provide educators with examples of instruction that may clarify important instructional strategies and connections between science learning and learning in other disciplines.  However, these examples should not be viewed as prescriptive; rather, they should be used as a lens through which educators reflect upon examples from their own daily instruction. The examples provided should elicit comparisons and questions that help deepen reflection on personal teaching practice. 

CA Science Framework Appendices
The CA Science Framework appendices provide additional support for the framework chapters. Appendix XX provides a discipline-specific model for middle grades science instruction. Appendix XX suggests a possible outline for a 3-course fully integrated high school science model.  
Appendix XX provides an in-depth look at the interconnectedness of the EP&Cs and CA NGSS. This appendix includes a complete listing of California’s EP&Cs as well as grade level connections between the Environmental Principles and Concepts and the CA NGSS. It also provides connections to grade level California Education and the Environment Initiative (EEI) units.
Appendix XX, Recommended Literature for the Science Classroom, provides classroom teachers with suggested examples of informational text and literature that can be used in the science classroom. Each title is categorized by grade span and connected to one or more disciplinary core ideas.
CA NGSS Appendices

In addition, users of the CA Science Framework are directed to use the NGSS Appendices
 included in the full release of the NGSS materials and which were adopted as a component of CA NGSS by the SBE in September 2013. The following text has been adapted with permission from the NGSS Executive Summary document (NGSS Lead States 2013a). All the CA NGSS appendices can be found at http://www.nextgenscience.org/next-generation-science-standards.

CA NGSS Appendix A – Conceptual Shifts 


Based on the NRC’s Framework for K–12 Science Education and the NGSS’s vision for American science education, the 26 NGSS Lead States, including California, and writing teams have identified seven “conceptual shifts” science educators and stakeholders need to make to effectively use the NGSS. This CA NGSS appendix describes and justifies these shifts.

	NGSS Conceptual Shifts

	1. K-12 science education should reflect the interconnected nature of science as it is practiced and experienced in the real world.

	2. The NGSS are student performance expectations – not curriculum.

	3. The science concepts in the NGSS build coherently from K-12.

	4. The NGSS focus on deeper understanding of content as well as application of content.

	5. Science and engineering are integrated in the NGSS, from K–12.

	6. The NGSS are designed to prepare students for college, career, and citizenship.

	7. The NGSS and Common Core State Standards (English Language Arts and Mathematics) are aligned.


These conceptual shifts are integral to the CA NGSS. To achieve the vision of high-quality science instruction and learning for all California students, educators must understand and put into action the conceptual shifts.
CA NGSS Appendix B – Responses to Public Feedback


This CA NGSS appendix provides a comprehensive summary of all public feedback and responses submitted to Achieve by the NGSS Lead States to the NGSS writing team.

CA NGSS Appendix C – College and Career Readiness 


This CA NGSS appendix provides reflections regarding a key component for the successful development and implementation of the CA NGSS: ensure that the vision and content of the standards properly prepare students for college and career readiness. 
CA NGSS Appendix D – All Standards, All Students 


This NGSS appendix highlights implementation strategies that are grounded in theoretical or conceptual frameworks including: 

1) Learning opportunities and challenges that NGSS present to student groups that have traditionally been underserved in science classrooms;

2) Research-based strategies for effective implementation of NGSS in the science classroom, school, home, and community;

3) Context for student diversity by addressing changing demographics, persistent achievement gaps, and educational policies affecting non-dominant student groups. 
The appendix is accompanied by seven case studies of diverse student groups to illustrate science teaching and learning as the students engage in NGSS. 

CA NGSS Appendix E – Disciplinary Core Idea Progression in the NGSS 


The CA NGSS have been developed in sets of learning progressions based on the progressions identified by the grade-band endpoints in the NRC Framework. In this NGSS appendix, short narrative descriptions of the progressions are presented for each disciplinary core idea. These progressions were used in the college- and career-readiness review to determine the learning expected for each idea before students graduate from high school. 

CA NGSS Appendix F – Scientific and Engineering Practices in the NGSS 


The NRC Framework identifies eight scientific and engineering practices that mirror the practices of professional scientists and engineers. This CA NGSS appendix includes tables for each of the scientific and engineering practices specifying what students should be able to know and do by the end of each grade-band endpoints. The CA NGSS uses constructed grade-band endpoints for the science and engineering practices that are based on hypothetical progressions and twelfth-grade endpoints from the NRC Framework.
CA NGSS Appendix G – Crosscutting Concepts in the NGSS 


The NRC Framework also identifies seven crosscutting concepts that are meant to give students an organizational structure to understand the world and help students make sense of and connect disciplinary core ideas across disciplines and grade bands. Similar to CA NGSS appendix F, this CA NGSS appendix presents grade-band endpoints for the crosscutting concepts that were constructed on hypothetical progressions and twelfth-grade endpoints from the NRC Framework. 

CA NGSS Appendix H – Nature of Science in the NGSS 


Based on the feedback of public, state, and other organizations such as the National Science Teachers Association, steps were taken to make the Nature of Science more prominent in the performance expectations. This CA NGSS appendix describes and provides a matrix how the nature of science has been included in both science and engineering Practices and crosscutting concepts across K–12. 
CA NGSS Appendix I – Engineering Design in the NGSS


This CA NGSS appendix describes the CA NGSS’s commitment to integrate engineering design into the structure of science education by raising engineering design to the same level as scientific inquiry across K–12. 

CA NGSS Appendix J – Science, Technology, Society, and the Environment


This CA NGSS appendix summarizes the core ideas that relate science and technology to society and the natural environment as described in Chapter 8 of the NRC Framework.

CA NGSS Appendix K – Model Course Mapping in Middle and High School 


The CA NGSS are organized by grade level for kindergarten through grade five, but as grade-banded expectations at the middle school (6-8) and high school (9-12) levels. This CA NGSS appendix provides examples (including California’s Integrated Model) of how to organize these grade-banded standards into courses that best prepare students for post-secondary success. 
CA NGSS Appendix L – Consistency with the Common Core State Standards for Mathematics 


This CA NGSS appendix describes the efforts that the NGSS development team has made with the help of the Common Core State Standards in Mathematics writing team to ensure that the CA NGSS do not outpace or otherwise misalign to the grade-by-grade standards for mathematics. This appendix gives some specific suggestions about the relationship between mathematics and science in K–8. 

CA NGSS Appendix M – Consistency with the Common Core State Standards for English Language Arts 


Similarly to CA NGSS Appendix L, this CA NGSS appendix summarizes the work that the NGSS development team completed with the CCSS writing team to identify key literacy connections to the specific content demands outlined in the CA NGSS.  As is the case with the mathematics standards, the CA NGSS should always be interpreted and implemented in such a way that they do not outpace or misalign to the grade-by-grade standards in the CCSS for literacy.
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Figure � SEQ Figure \* ARABIC �1�: The three dimensions of NGSS are intertwined.





Figure � SEQ Figure \* ARABIC �2�: Graphical representation of three-dimensional learning.





Three-dimensional learning: Effective and long-lasting science learning occurs when all the three dimensions of the CA NGSS are intertwined. 


Coherent instruction: Learning opportunities in science are based on a carefully designed and coherent instructional sequence with clear and focused learning goals.


Effective teaching: Effective teaching and support for teacher learning is essential to student success.


Appropriate use of technology: Technology is an essential tool for the full implementation of the CA NGSS in the classroom.


Attention to equity: All students should have the opportunity to experience high-quality science programs that engage them in all the content and practices outlined in the CA NGSS.


Meaningful assessment: Student learning should be assessed in multiple ways to inform instruction and monitor progress toward performance expectations.











� For a full list of the Lead States see: http://www.nextgenscience.org/lead-state-partners


� The standards (performance expectations) with modified clarification statements are the following: 4-LS1-1, 4-PS3-1, 5-PS1-4, 5-ESS1-1, 5-ESS2-1, MS-LS1-1, HS-ESS2-6


� August Ferdinand Möbius (17 November 1790 – 26 September 1868) was a � HYPERLINK "http://en.wikipedia.org/wiki/Germany" �German� � HYPERLINK "http://en.wikipedia.org/wiki/Mathematician" �mathematician� and theoretical � HYPERLINK "http://en.wikipedia.org/wiki/Astronomer" �astronomer�.


� The complete listing of California’s EP&Cs, including the detailed concepts, is provided in Appendix XX.


� The 1998 standards for science have been superseded by the adoption of the CA NGSS.


� All CA NGSS Appendices are located at: � HYPERLINK "http://www.nextgenscience.org/next-generation-science-standards" �http://www.nextgenscience.org/next-generation-science-standards�. See also the References section at the end of this chapter for the specific link to each of the CA NGSS Appendices.
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