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SUMMARY OF THE ISSUE(S)

EC Section 60605.85 requires the State Superintendent of Public Instruction (SSPI) to submit a set of revised Science Content Standards for California Public Schools, Kindergarten through Grade Twelve to the State Board of Education (SBE) by July 31, 2013, and the SBE must adopt, reject, or modify those standards by November 30, 2013. The proposed science standards for California must be based upon the nationally developed Next Generation Science Standards (NGSS).

This agenda item provides the SBE and the public information on the development process that lead to the proposed NGSS for California Public Schools, Kindergarten through Grade Twelve. 
RECOMMENDATION
The SSPI recommends the SBE adopt the proposed Next Generation Science Standards for California Public Schools, Kindergarten through Grade Twelve.

BRIEF HISTORY OF KEY ISSUES
EC Section 60605.85 requires the SSPI to submit a set of revised Science Content Standards for California Public Schools, Kindergarten through Grade Twelve to the SBE by July 31, 2013, and the adoption, rejection, or modification of those standards by November 30, 2013. The proposed science standards for California must be based upon the nationally developed NGSS.

The NGSS are based on a national framework developed by the National Research Council (NRC). The NRC framework committee was chaired by Dr. Helen Quinn, Professor Emeritus, Stanford Linear Accelerator. Achieve Inc., a bipartisan, non-profit educational organization, has been the managing partner in the development of the NGSS. In September 2011, California was selected as one of 26 lead state partners who agreed to commit staff time to the initiative, and upon completion, give serious consideration to adopting the NGSS.  
To provide input from California, the SSPI commissioned the State Review Team (SRT) consisting of 80 science experts representing kindergarten through grade twelve (K–12) science teachers, administrators, county science consultants, college and university professors, scientists, science informal centers, and business and industry. Since November 2011, the SRT reviewed five public and private drafts of the NGSS and provided feedback to Achieve Inc. and to the CDE. 

The final draft of the NGSS was released by Achieve, Inc. on April 9th, 2013. The standards are grade specific for grades K-5 and are arranged by grade span for both middle (6–8) and high (9–12) school. The standards as well as supporting appendices are available on the NGSS Web site at http://www.nextgenscience.org/next-generation-science-standards. Attachment 2 provides executive summaries of each of the NGSS Appendices that are currently available.
Upon release of the final draft of the NGSS, the CDE, with support of the California Comprehensive Center (CA CC) of WestEd, provided a process to develop the recommendations for the Next Generation Science Standards for California Public Schools, Kindergarten through Grade Twelve to the SBE. A Science Expert Panel (SEP), a smaller group representative of the SRT, was convened by the SSPI, Tom Torlakson. The SEP met three different times for two full day meetings from April to June 2013, to review the national NGSS to make preliminary recommendations for field comment, to review feedback from public meetings and the SRT surveys, and make final recommendation for the Next Generation Science Standards for California Public Schools, Kindergarten through Grade Twelve to the SSPI. 
Regional Public Meetings

The NGSS review process included three regional public meetings. These meetings provided the public an opportunity to comment on the proposed standards for California. The public meetings were conducted on April 29, 2013 at the Sacramento County Office of Education, April 30, 2013 at the Santa Clara County Office of Education, and May 2, 2013 at the Riverside County Office of Education. The April 30 meeting was also broadcast via live webinar and participants were able to listen and submit comments via the web. At these meetings, public stakeholders received background on the NGSS and the proposed California science standards. The public had an opportunity to provide input for consideration by the SEP. Seventy-two percent of the comments at the public meetings were favorable towards adoption of the NGSS for California, twenty-two percent were observations, and only six percent unfavorable–the unfavorable comments were mostly focused on professional development and implementation concerns. There were also some comments expressing a desire for specific content to be addressed. 
SEP Response to Feedback
The CDE and CA CC staff documented the public input and shared it with the SEP at its meeting in May 2013. The SEP has reviewed the final draft of NGSS and the public input and recommended adoption of the NGSS with some minor revisions to the clarification statements. The SEP also recommended placement of performance expectations (PEs) at specific grade levels for middle school to provide the best learning progression from elementary grades K–5 and build a strong foundation for high school.  The grade level placement also facilitates the K–8 instructional materials adoption process. The SEP also made suggestions for the California Framework for Science. The work from the April and May 2013 SEP meetings was shared via a survey with the SRT. Comments from this survey were incorporated at the June 2013 meeting, where the SEP made their final recommendations for the Next Generation Science Standards for California Public Schools, Kindergarten through Grade Twelve to the SSPI. 
To build the middle school learning progression, the SEP utilized a set of guiding criteria:
· The sets of PEs in each grade level must provide for adolescent development with an intentional progression or scaffolding that builds from a high quality elementary school science program and will lead to further study in high school.

· The sets of PEs must align with the cognitive demands of the Common Core State Standards in both English language arts and mathematics.

· The sets of PEs for each grade level build within and across the grade levels. 

· The sets of PEs are balanced in complexity and quantity that allows for a reasonable representation of the various disciplines and provides for adequate time for instruction.

· The engineering PEs are integrated appropriately within each grade level. 

Proposed Science Standards for California K–12 Education

The SSPI has reviewed and accepted the recommendation made by the SEP and is submitting the following standards for SBE consideration and adoption. A full copy of the standards organized both by disciplinary core ideas and by disciplinary topics can be reviewed at http://www.cde.ca.gov/pd/ca/sc/ngssstandards.asp. 

The proposed science standards, based on the NGSS, are different than the current California science standards. The standards emphasize conceptual understanding rather than discreet facts. The proposed standards integrate science and engineering practices within the content rather than isolated investigation and experimentation standards, and promote student application of scientific knowledge rather than just knowing, and student understanding across science disciplines rather than solely within one discipline. The proposed science standards target a limited number of disciplinary core ideas and cross cutting concepts that unify the study of science and engineering rather than briefly covering numerous standards. The NGSS correlates with the Common Core State Standards for English language arts and mathematics, and the current California science standards do not.  This integration of knowledge and practices across the content areas is the foundation of STEM (Science, Technology, Engineering, and Mathematics) education.
The proposed science standards include:

Proposed Learning Progressions for Elementary (K–5) Science

The SEP recommends adoption of the K–5 learning progressions as presented in the final draft of the NGSS, with modified clarification statements*.

Proposed Learning Progressions for Middle School (6–8) Science

The SEP recommends grade specific learning progressions with modified clarification statements*. 

Proposed Learning Progressions for High School (9–12) Science

The SEP recommends that the NGSS high school performance expectations (with modified clarification statements*) be arranged as a grade span, 9–12, to allow local districts maximum flexibility in designing their high school curriculum such that all students have the opportunity to learn all standards. 
* Revisions to the clarification statements were specific, concise, and minimal so as not to detract from the intent of the PEs. These revisions were based on feedback from the public meetings, from the reviews of the SRT, and the expertise of the SEP. 
Science Standards Implementation
The implementation of the NGSS in California (CA NGSS) requires a goal-focused strategic plan and the participation of key individuals and organizations. Broadly stated, the strategic plan includes:  a) the review, recommendation and adoption of CA NGSS and, b) implementation of CA NGSS from awareness through transition and ultimately full implementation at the school level, transforming science teaching and learning for all students and teachers.
If SBE adopts Next Generation Science Standards for California Public Schools, Kindergarten through Grade Twelve, a Strategic Leadership Team will be selected to design the CA NGSS Implementation Plan and review critical issues that could impact effective adoption and implementation of the NGSS.  This team will be a consortium of 15–20 field colleagues selected by the SSPI and will consist of research-based effective professional learning programs.
Awareness Phase
The implementation process for CA NGSS will consist of three stages: (1) awareness, (2) transition and (3) implementation.  Strategic plans must be developed for each of these stages to ensure a successful implementation process.  
To begin the awareness phase of the implementation process, the Leadership Team will design a statewide awareness campaign consisting of face to face conferences and on-line events for the CA NGSS targeted at teacher and administrator audiences.  From December 2013 through the spring of 2014, a travelling 12–member team of 2–3 personnel from the CDE and 9–10 representatives of science organizations in California will convene live conferences about the CA NGSS.  
These conferences will include captivating keynotes from business/industry and educators to reiterate the importance of NGSS to ensure that California students are provided the academic rigor that will enable them to compete in, and be a productive contributor to, a dynamic 21st century economy.  Additionally, breakout sessions, presented by the science education community (e.g., county offices of education, CSP, K–12 Alliance, science ISP, and IHE) will address topics such as:  models of effective implementation; creating curriculum based on NGSS; building instructional resources, assessing science and engineering practices; and integration with the Common Core State Standards. Conference sessions will be recorded and offered on-line at no-cost as professional learning programs for dissemination to all.
Transition and Implementation Phases
Based on the response from the awareness campaign, and feedback from educators across the state, a process will be developed to assist teachers in transitioning their curriculum, pedagogy, and teaching strategies from the requirements of the existing science standards to addressing the three domains of NGSS–Disciplinary Core Ideas, Science and Engineering Practices, and Crosscutting Concepts. This process will be shared through a “train the trainer” model, using materials and resources developed by the Leadership Team to ensure consistency.
We anticipate beginning these phases of implementation of the Next Generation Science Standards for California Public Schools, Kindergarten through Grade Twelve by 2014–15. This will be aided by the development of a revised state Science Framework for California Public Schools; Kindergarten Through Grade Twelve by the California Instructional Quality Commission, alignment of state science assessments, and careful selection of high quality instructional materials and supplemental resources.
SUMMARY OF PREVIOUS STATE BOARD OF EDUCATION DISCUSSION AND ACTION 
May 2013:  Phil Lafontaine, Director of the Professional Learning Support Division, along with Dr. Stephen L. Pruitt, Vice President for Content, Research, and Development at Achieve, Inc. provided an update on the final NGSS and the supporting Appendices A-M. A preliminary report on the public meetings was also provided.
March 2013:  Phil Lafontaine, Director of the Professional Learning Support Division, shared an update of the development process of the NGSS.
November 2012: The CDE updated the SBE through an Information Memorandum on the development of NGSS. On September 27, 2012, Senate Bill 1200 was signed into law. This bill, sponsored by the SSPI, provides additional time for new science standards to be presented to the SBE. Specifically, this bill extends the presentation of new science standards by the SSPI from March 30, 2013, to July 31, 2013, and the adoption, rejection, or modification of those standards by the SBE from July 30, 2013, to November 30, 2013.
May 2012:  At its May 2012 meeting, the CDE staff presented on the progress and timeline of the development of the NGSS along with Dr. Stephen L. Pruitt, Vice President for Content, Research, and Development at Achieve, Inc.
November 2011: The CDE’s presentation also provided information on the requirements of Senate Bill 300. Specifically, the SSPI was required to recommend science content standards–utilizing the NGSS as their basis–to the SBE by March 30, 2013. The SBE was required to adopt, reject, or modify those standards by July 30, 2013. These due dates were later extended with the passage of SB 1200. Information regarding the state’s involvement in the national process for the development of the NGSS was discussed. 

FISCAL ANALYSIS (AS APPROPRIATE)
The CDE has secured foundation funding of approximately $141,000 to cover the activities of the proposed Awareness Phase.
ATTACHMENT(S)
Attachment 1: CDE Timeline of Next Generation Science Standards Development 

Process (1 page)

Attachment 2: Executive Summaries of NGSS Appendices (15 pages)
Attachment 3: Science Expert Panel (SEP) Membership Information (4 pages)
Attachment 4: Public Hearings Feedback Summary (6 pages)
Attachment 5: Proposed Science Standards for California: http://www.cde.ca.gov/pd/ca/sc/ngssstandards.asp  (1 page)
Attachment 6: Moving from Current California Science Standards to NGSS-CA (1 page)
Next Generation Science Standards Development Process

Appendix A: Conceptual Shifts

The Next Generation Science Standards (NGSS) provide an important opportunity to improve not only science education but also student achievement. Based on the Framework for K-12 Science Education, the NGSS are intended to reflect a new vision for American science education. The following conceptual shifts in the NGSS demonstrate what is new and different about NGSS:

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

· The NGSS are student performance expectations, NOT curriculum.

· The science concepts in the NGSS build coherently from K to 12.

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

· Science and engineering are integrated in the NGSS from K to 12.

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

· The NGSS and Common Core State Standards (English Language Arts and Mathematics) are aligned.
Appendix B: Responses to the Public Drafts 
Several rounds of review were built into the development process of the Next Generation Science Standards (NGSS) to make sure that all educators and stakeholders would have opportunities to provide feedback. The first public draft of the NGSS was posted online from May 11 to June 1, 2012, and the second public draft was posted online from January 8 to January 29, 2013. The draft received comments from over 10,000 individuals during each of the two public review periods, including those in lead state review teams, school and school district discussion groups, and scientific societies. The writers then used this feedback to make substantial revisions to the draft standards. 

Overall, the feedback received on both public drafts of the NGSS was very positive. Almost all reviewers indicated that they liked the pedagogical vision, the integration of the three dimensions in the NGSS and the structure of the NGSS itself. Most reviewers scored the performance expectations highly, but some also critiqued specific issues and suggested improvements. Based on the feedback, changes were made between the first and the second public drafts: 

· 95% of the Performance Expectations (PEs) were rewritten based on feedback, with more specific and consistent language used 

· After a college- and career-readiness review, some content was removed 

· Some content shifted grade levels in elementary 

· Engineering was integrated into the traditional science disciplines 

· More math expectations were added to the performance expectations 

· Course models were drafted for middle and high school 

· “Nature of science” concepts were highlighted throughout the document 

· The practices matrix was revised 

· A new chapter was added to describe the intent and use of crosscutting concepts 

· A new chapter on equity was drafted about implementation of the NGSS with diverse student groups 

· A glossary of terms was added 

· More flexibility in viewing the standards was provided by arranging the performance expectations according to both topic and Disciplinary Core Idea (DCI) 

The feedback on the second public draft indicated that changes had completely addressed some issues, and the percentage of reviewers concerned about the remaining issues was greatly reduced. The remaining issues were addressed through the following changes: 

· 75% of the PEs were edited to increase clarity, consistency, and specific feedback. 

· A review of the central focus of each DCI from the Framework resulted in the removal of about 33% of the PEs and associated DCIs while retaining the progression of DCIs across the grade bands 

· Separate ETS1: Engineering Design performance expectations were added to each grade band to supplement performance expectations that had integrated engineering design into the traditional science disciplines 

· “Storylines” with essential questions were added to the beginning of each grade band and section to describe the context and rationale for the performance expectations 

· The “All Standards, All Students” appendix was expanded to include several vignettes about implementation of the NGSS with diverse student groups 

· Performance expectations names were changed from lowercase letters to numbers to avoid confusion with the DCI names. For example, MS-LS1-a became MS-LS1-1 

Appendix C: College and Career Readiness

The final draft of the NGSS was released by Achieve, Inc. on April 9th, 2013. The standards are grade specific for grades K-5 and are arranged by grade span for both middle (6–8) and high (9–12) school. The standards as well as supporting appendices are available on the NGSS Web site at http://www.nextgenscience.org/next-generation-science-standards. Attachment 2 provides executive summaries of each of the NGSS Appendices that are currently available.  Achieve, Inc. has not yet released the final draft of Appendix C – College and Career Readiness. 

Appendix D: All Standards, all students 
This appendix stresses that NGSS are intended as standards for all students. Implications for attention to opportunity to learn and to learning outcomes for diverse populations of students are addressed. The appendix identifies seven defined groups for whom attention is needed. This includes the four groups identified for NCLB accountability purposes (economically disadvantaged, students from major non-dominant ethnic and racial groups, students with disabilities, and students with limited English proficiency); gender, students in alternative education programs, and gifted and talented students. Vignettes and case examples illustrate effective instruction targeted to each of these groups.

Some of the strategies that are recommended to ensure attention to the needs of all students:

· Create connections within and across the curriculum 

· Develop a culture of inclusive discourse in the classroom 

· Include engineering, stressing applications of science 

· Focus on science practices 

· Create connections through cross cutting concepts that offer a conceptual framework across science disciplines and beyond 

· Value and respect student culture, experience and “funds of knowledge”

· Articulate and integrate student background knowledge and prior conceptions

· Ensure sufficient resources (material, human capital and social capital), providing equitable learning opportunities.

· Create connections to home and community to relate in-school science learning to out of school learning

A summary of national demographics, achievement data, and educational policy issues is presented. In implementing the new vision for science education, attention to equity issues is needed in every aspect of the work, including professional development, instruction, and assessment.
Appendix E: Progressions within the Next Generation Science Standards

Appendix E outlines a developmental progression of the NGSS from K through 12.  According to Framework, the NGSS “is built on the notion of learning as a developmental progression.  It is designed to help children continually build on and revise their knowledge and abilities, starting from their curiosity about what they see around them and their initial conceptions about how the world works.  The goal is to guide their knowledge toward a more scientifically based and coherent view of the natural sciences and engineering, as well as the ways in which they are pursued and their results can be used.”
The progressions in this appendix briefly describe the increasing sophistication of student thinking that occurs as students advance through the grade bands (K-2, 3-5, 6-8, and 9-12) for 38 disciplinary core ideas in earth and space science, life science, and physical science.  The full progressions can be seen in A Framework for K-12 Science Education.  
Appendix F: Science and Engineering Practices in NGSS

Standards and performance expectations must take into account that students cannot fully understand scientific and engineering ideas without engaging in the practices of inquiry within the context of specific science-focused facts.

In the future, science assessments will not evaluate students’ understanding of core ideas separately from their abilities to use the practices of science and engineering.  Assessments will show that students not only know science concepts, but that they can also apply practices and solve problems through engineering design procedures.

The eight practices of science and engineering are:

1) Asking questions and defining problems

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 and designing solutions

7) Engaging in argument from evidence

8) Obtaining, evaluating, and communicating information

Important distinctions include:

· Practices represent what students are expected to do and are not methods of teaching nor curriculum.

· The eight practices intentionally overlap and interconnect.

· Engagement in science and engineering practices is language intensive and requires that the students participate in discussions. 
Appendix G: Crosscutting Concepts
The NGSS employs seven key crosscutting concepts to help students see the many connections that exist among and between science fields. 

1. Patterns - helps students build a deeper understanding of relationships and factors that those phenomena that influence them 

2. Cause and effect - suggests that all events have causes

3. Scale, proportion and quantity - suggest that changes in scale and proportion affect a system’s performance 

4. Systems and system models - mathematical tools that help students see the big picture

5. Energy and matter - underscores the idea that energy flows through a system and regularly fluctuates

6. Structure and function - suggests that living things have evolved structures based upon function

7. Stability and change - reinforce the idea that change is constant. Both change and stability are truly fundamental concepts in the world of science.

This appendix provides a rationale for the value of embedding crosscutting concepts into science curriculum:

· Embedding crosscutting concepts into the science curriculum will help students to better understand core ideas in science and their application through engineering. 
· Incorporation of crosscutting concepts will help to assure that when students explore a key science concept in a new contextual framework, they will not fail to recognize it or understand its application. 
· Repetition of the crosscutting concepts in several contextual frameworks, at increasingly more complex and abstract levels, and revisited across grade levels helps to provide consistency, cohesion, and logic in the flow of ideas.
· The inclusion of crosscutting concepts helps students to build their science and engineering vocabulary. As crosscutting concepts are encountered regularly across the disciplines, familiar vocabulary can increase understanding for all students, including English learners. 
· Crosscutting concepts are an important tool to help students make sense of the complex world of science and engineering and to see their numerous relationships.
Appendix H: Nature of Science

Appendix H explains that science is both a set of practices and the historical accumulation of knowledge. Students should develop an understanding of the scientific enterprise as a whole—the wondering, investigating, questioning, data collecting and analyzing.

The Appendix describes eight Nature of Science understandings and the intersection of those understandings with science and engineering practices and crosscutting concepts. The Nature of Science understandings are included as extensions of the science and engineering practices and crosscutting concepts, not as a fourth dimension of standards.
Eight basic understandings about the Nature of Science cited in NGSS are:

1.  Scientific investigations use a variety of methods 

2.  Scientific knowledge is based on empirical evidence 

3.  Scientific knowledge is open to revision in light of new evidence 

4.  Scientific models, laws, mechanisms, and theories explain natural phenomena 

5.  Science is a way of knowing 

6.  Scientific knowledge assumes an order and consistency in natural systems 

7.  Science is a human endeavor 

8.  Science addresses questions about the natural and material world

The first four of these understandings are closely associated with practices and the second four with crosscutting concepts. A Nature of Science Matrix is presented and includes specific grade level understandings for K- 2, 3-5, 6-8, and 9-12. 

Students must have opportunities to stand back and reflect on how the science and engineering practices contribute to the accumulation of scientific knowledge. This means, for example, that when students carry out an investigation, develop models, articulate questions, or engage in arguments, they should have opportunities to think about what they have done and why. Students should also have opportunities to reflect on how the cross-cutting concepts apply across disciplinary core ideas. With the addition of historical examples, the nature of scientific explanations assumes a human face. Most scientific knowledge is quite durable but is, in principle, subject to change based on new evidence and/or reinterpretation of existing evidence. Through these kinds of reflections, students can come to understand and develop a nuanced appreciation of the Nature of Science.
Appendix I: Engineering Design in the NGSS 
The Next Generation Science Standards (NGSS) represent a commitment to integrating engineering design into the structure of science by raising engineering design to the same level as scientific inquiry.  A foundation in engineering design allows students to better engage in and aspire to solve the major societal and environmental challenges (energy, disease, clean water and food) they will face in the decades ahead. The focus is on the process of engineering design and is not intended to provide a full set of standards for engineering education. 

The NGSS defines the following terms:

· Science - physics, chemistry, biology, and (more recently) earth, space, and environmental sciences 

· Engineering - systematic practice of design to achieve solutions to particular human problems

· Technology - all types of human-made systems and processes

Engineering design includes the following components:

· Define the problems—by specifying criteria and constraints 

· Generate and evaluate multiple solutions 

· Build and test prototypes 

· Optimize a solution

The use of the engineering design processes increases in depth and scope as students progress through grades K-12:

· Grades K-2: Students are introduced to “problems” as situations that people want to change.

· Grades 3-5: Students are engaged in more formalized problem solving.

· Grades 6-8: Students learn to sharpen the focus of problems, compare different solutions, and test and revise solutions. 

· Grades 9-12: Students are engaged in complex problems that include issues of social and global significance, emphasizing identification of the best solution and the use of mathematics and/or computer simulations to test solutions. 

Appendix J: Science, Technology, Society and the Environment 
The framework specifies two core ideas that relate science, technology, society and the environment. 

1. The interdependence of science, engineering and technology

a) New discoveries in science will enable engineers to expand their work.

b) Emerging insights from science greatly influence new technologies and their applications through the development of innovative engineering designs.

2. The influence of science, engineering and technology

a) Scientific discoveries and technological decisions will affect human society and the natural environment. New technologies, in turn, facilitate scientific investigations.

b) People make decisions for social and environmental reasons that ultimately guide scientists and engineers.

Incorporating Science, Technology, Society and the Environment in the Next Generation Science Standards (NGSS) will prepare today’s students for the 21st Century with its many technological advancements as well as the resulting impact on society and on our natural resources. Science, Technology, Society and the Environment will help guide our future citizens to become stewards of the environment and to better understand the central role that science and technology play in today’s world and how science and technology impact all aspects of society and the environment.
Appendix K: Model Course Mapping in Middle and High School

This appendix focuses on organizing the grade banded performance expectations into courses. 

The 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 arrangement is due to the fact that standards at these levels are handled very differently in different states and because there is not conclusive research that identifies the ideal sequence for student learning. 

As states and districts consider implementation of NGSS, it will be important to thoughtfully consider how to organize these grade banded standards into courses that best prepare students for post-secondary success in college and career. This appendix is provided as a tool for guiding this decision-making process. 

1. Model Course Maps are starting points, not finished products. 
States and districts/local education agencies are not expected to adopt these models; rather, they are encouraged to use them as a starting point for developing their own course descriptions and sequences. 
2. Model course map organization is built on the structure of the Framework. 
The Framework is organized into four major domains: the physical sciences, the life sciences, the earth and space sciences, and engineering, technology and applications of science. 

3. “All Standards, All Students.” 
All the standards are expected of all students. This foundational commitment is discussed at length in Appendix D of NGSS and has implications for course design. 

4. Model Course Maps are NOT curriculum. 
The Next Generation Science Standards are student outcomes and are explicitly NOT curriculum; though considering where Performance Expectations (PEs) will be addressed within courses is an important step in curriculum development. 

5. All Scientific and Engineering Practices and all Crosscutting Concepts in all courses. 
It is the expectation that all Scientific and Engineering Practices and Crosscutting Concepts will be blended into instruction in every course in the sequence. 
6. Engineering for all. 
As is more carefully detailed in Appendix I, NGSS represent a commitment to integrate engineering design into the structure of science education by raising engineering design to the same level as scientific inquiry when teaching science disciplines at all levels. 

Three model course maps are presented: 

1. Conceptual Progressions Model (grades 6–8 and 9–12) 

This model maps PEs into courses based on what concepts are needed for support without focusing on keeping disciplines separate. 

2. Science Domains Model (grades 6–8 and 9–12)

The grade banded PEs are organized into content-specific courses that match the three science domains of the Framework: Physical Science, Life Science, and Earth and Space Science. 

3. Modified Science Domains Model (grades 9–12)

The 9–12 grade band performance expectations are organized into content-specific courses that match a common high school course sequence of biology, chemistry, and physics. To ensure all students have access to all standards, the PEs connected to the Earth and Space Science domain of the Framework are divided among these courses. 

Appendix L: Connections to CCSS-Mathematics 
Science is a quantitative discipline, so it is important for educators to ensure that students’ science learning coheres well with their learning in mathematics. To achieve this alignment, the NGSS development team worked with the Common Core State Standards-Mathematics (CCSSM) writing team to ensure the NGSS do not outpace or otherwise misalign to the grade-by-grade standards in the CCSSM. Every effort has been made to ensure consistency.

This document provides educators a resource to help clarify mathematical applications appropriate at specific grade levels and aligned with specific Topics and Performance Expectations.

During elementary years, the CCSSM standards are focused on measurement, numbers and operations. During the middle school and high school years, students develop a number of powerful quantitative tools, from rates and proportional relationships, to basic algebra and functions, to basic statistics and probability. Such tools are applicable far beyond the mathematics classroom. Such tools can also be better understood, and more securely mastered, by applying them in a variety of contexts. Fortunately, the National Research Council Framework makes this clear in its Science and Engineering Practices (Analyzing and Interpreting Data, Using Mathematics and Computational Thinking) that statistics and mathematics have a prominent role in science. NGSS aims to give middle school and high school science educators a clear road map for how they can prepare their students for the quantitative demands of college and careers and where students need to apply quantitative tools in an applied or scientific context.  For all these reasons, NGSS requires key tools from Grades 6−8 and High School Common Core Mathematics to be integrated into middle school and high school science instructional materials and assessments.

In addition, this resource provides links to resources and applications that illustrate appropriate links between math and science and provides links to the math connections for specific Performance Expectations.
Appendix M: Connections to the Common Core State Standards for Literacy in Science and Technical Subjects
Literacy skills are critical to building knowledge in science. To ensure the CCSS literacy standards work in tandem with the specific content demands outlined in the NGSS, the NGSS development team worked with the CCSS writing team to identify key literacy connections to the specific content demands outlined in the NGGS. As the CCSS affirms, reading in science requires an appreciation of the norms and conventions of the discipline of science, including understanding the nature of evidence used; an attention to precision and detail; and the capacity to make and assess intricate arguments, synthesize complex information, and follow detailed procedures and accounts of events and concepts. Students also need to be able to gain knowledge from elaborate diagrams and data that convey information and illustrate scientific concepts. Likewise, writing and presenting information orally are key means for students to assert and defend claims in science; demonstrate what they know about a concept; and convey what they have experienced, imagined, thought, and learned. 

Every effort has been made to ensure consistency between the CCSS and the NGSS. As is the case with the mathematics standards, NGSS should always be interpreted and implemented so that they do not outpace or misalign to the grade-by-grade standards in the CCSS for literacy (this includes the development of NGSS-aligned instructional materials and assessments). 

Appendix M correlates with NGSS the eight Science and Engineering Practices from A Framework for K-12 Science Education; the College and Career Readiness (CCR) Anchor Standards in reading, writing, speaking, listening, and language for Grades 6 through 12; and the specific CCSS Common Core State Standards in Reading, Writing, Speaking, and Listening in History/Social Studies, Science and Technical Fields. These standards are necessary complements, providing a broad perspective and applied specificity, to define the skills and understandings that all students must demonstrate. 

Science Expert Panel (SEP) Membership Information
Dr. Bruce Alberts, Professor Emeritus, University of California, San Francisco

· Department of Biochemistry and Biophysics. Editor-in-Chief, Science magazine. Former United States Science Envoy. President Emeritus, US National Academy of Sciences

· Dr. David Andrews, California State University, Fresno. Former Science Teacher.
· Degrees in Biology and Science Education. Professor of Biology and Science Education, Director of the Science & Mathematics Education Center.  Recipient of the 2008 California Science Teachers Association, Margaret Nicholson Award.

· Arthur Beauchamp, University of California, Davis. Former Science Teacher.
· B.A. in Biological Sciences and English Literature.  M.S. in Biology. California Clear Credential in Secondary Science - Biological Sciences with authorizations in Physical Science, Chemistry, and English Literature.
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Founding Program Coordinator-Agricultural/Scientific Academy at Tracy Unified School District. 2011 San Joaquin Teacher of the Year.
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· Glen Lusebrink, Woodland Joint Unified School District. Current Elementary Science Teacher.  
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· Dr. Rick Pomeroy, University of California, Davis. Former Secondary Science Teacher

· M.A. and a Ph.D. in Science Education.  Single subject science teaching credential with authorizations in Biology, Chemistry, and Mathematics. President, California Science Teachers Association. 
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· Professor Emeritus Stanford University.  2013 J.J. Sakurai Prize for Theoretical Particle Physics.  Chair of NRC K-12 Framework for Science Education.
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· B.S. in Astrophysics. M.S. in Astronomy.  One of the top ten teachers in Sacramento County Sacramento Magazine (2000); FCUSD teacher of the year in 2005. Adjunct Astronomy professor for Folsom Lake College.  
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· Ph.D. in Curriculum and Instruction and Science Education. M.A. in Biology and Marine Ecology. B.A.in Biology and Elementary Education. Associate Professor of Science Education Associate Director of Center for Research in Math and Science Education.
· David Seidel, NASA Jet Propulsion Laboratory. Former High School Science Teacher.
· Deputy Education Director and Manager of STEM Elementary & Secondary Education. Recipient of NASA’s Exceptional Service Medal.
· Robert Sherriff, San Juan Unified School District, Current Science Teacher.

· B.S. Biology and Masters in Educational Management. Credentials in Life, Physical, and General Science and Math.  Lead Teacher and Coach for Science Olympiad Team. Professional development provider for California Science Project and K-12 Alliance. 
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Teacher. 
· M.A. and B.S. in Chemistry.
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Next Generation Science Standard
California Public Hearing – Preliminary Summary and Analysis
In April 2013 Achieve released the final version of Next Generation Science Standards (NGSS) for states to consider for adoption. California is among the 26 states currently evaluating the NGSS. California’s process of review includes evaluation of the standards by a team of approximately 80 science educators as well as a series of public hearings. Hearings were held in three locations with option of online comments (via email and webinar):


Sacramento – April 29, 2013


Santa Clara and Orange County (via webinar and phone) – April 30, 2013


Riverside – May 2, 2013

In addition, comments could be submitted via email to the California Department of Education. This document provides a preliminary summary and analysis of the comments with the exclusive purpose of allowing the Science Expert Panel to consider such comments as they develop recommendations for the California Department of Education.

Overview of Comments by Type and Role 
	 
	Favorable
	Unfavorable
	Unstated (neither) 
	Total 

	Sacramento 
	10
	1
	1
	12

	Santa Clara, Orange County* 
	18
	2
	5
	25

	Riverside
	20
	0
	6
	26

	Email
	9
	2
	5
	16

	Total 
	57
	5
	17
	79

	Total %
	72%
	6%
	22%
	 


	 
	Teachers 
	Science Coordinators/ Directors 
	Higher Education 
	Business/ Community Leaders 
	Other 
	Total 

	Sacramento 
	8
	1
	0
	0
	3
	12

	Santa Clara, Orange County* 
	4
	6
	2
	1
	12
	25

	Riverside
	10
	8
	4
	3
	1
	26

	Email
	5
	2
	1
	3
	5
	16

	Total 
	27
	17
	7
	7
	21
	79

	Total %
	34%
	22%
	9%
	9%
	27%
	 


* Includes comments provided through the webinar online chat option.
Summary and Analysis of Comments

The most frequent comment provided was to express support for the NGSS. As noted earlier, approximately 72% of the comments were supportive. Following is a sample of comments made in support of NGSS:
· NGSS provides opportunity to teach with depth, encourages deep critical thinking skills, and introduces students to the practice of science.
· Inclusion of Engineering and Design Principles are particularly relevant to preparing students for 21st Century.

· The linkage between NGSS and Common Core State Standards is particularly helpful.
· NGSS is better than current California science standards. 

Concerns, even among those supportive of NGSS, were raised. Below is a summary of concerns grouped into concerns about content, implementation, or other. Frequencies are noted and in some cases quotations to illustrate the nature of the comment.

Content Related Concerns

	 Concern
	Frequency
	Quote

	Environmental education
	5
	… we need to get students outside the four walls of a classroom.

I wish we could get some type of linkage in the standards or in some of the documents to talk about the value of getting outdoors and learning in a particular environment throughout the state. 

	Electrical engineering/circuits is not adequately addressed
	2
	Electrical circuits are missing from the NGSS.   
It looked to me like you cut out electrical engineering…

	Electromagnetic spectrum not included in NGSS
	1
	Going through the cycle of the electronic spectrum is not mentioned.

	At Grade 4, light and wave energy should be included
	1
	

	Information incorrect regarding wireless and electronic communication
	1
	

	Computer programming not addressed


	1
	


	 Concern
	Frequency
	Quote

	Nature of science not addressed with adequately
	1
	Understanding the nature of science is probably the most important content that all science teachers can teacher. But the NGSS has no performance expectations for the nature of science.

	Earth Science Standard (ESS3.D) is incorrect
	1
	There is no correlation between the rate of increase in atmospheric CO​2 concentration and the rate of increase in temperature.


 
Implementation Related Concerns
 
 
	 Concern
	Frequency
	Quote

	Alignment across grade spans (e.g., elementary to middle and middle to high school).
	9
	But along with implementation, it seems to me a phased-in kind of implementation would be very important because otherwise the teachers in the higher grades are not going to be -- the students are not going to be ready to move into teaching in high grade necessarily unless they expected preparation in those lower grades.

In most of our larger districts, implementation is going to be driven by a sense of outcome that is how we want our students to leave at the end of 12th grade, and to simply address things in the near term which is the easier way, K-8, leaves me a little bit concerned. 
It is important that in elementary school and middle school that we’re continuing this science education K-12 and it doesn’t just start at a certain point along that continuum. 
The idea of full integration is wonderful.  Unfortunately, there is too little science being taught in the middle school…by the time I get them in 6th grade, they have none of the background knowledge that they are supposed to have. 


	 Concern
	Frequency
	Quote

	Teacher preparation/training critical, especially for elementary teachers
	8
	There needs to be professional development training, time collaboration.  I hope there is an assessment that shows how districts can do that, how teachers can do that, how we can make sure we are ready for this rollout.

And so I think the professional development piece needs to be really addressed, and just making sure that the schools and sites and counties are all involved and on the same page…

Teachers are worried about the time to teach science, the materials needed to effectively implement NGSS, and the professional development they will need to do it well.

	Curriculum framework will be important; should provide specific examples yet remain flexible to promote innovation
	7
	…there’s no curriculum that goes with it but there’s a great, like anticipation for how is this going to look in our classrooms.
…whatever happens in the framework, there is room for innovation. 

	Thoughtfully approach cross-disciplinary integration  for middle school and/or high school   
	6


	And then as a chemistry teacher we have this little question about the physical sciences in high school and what does that look like in a classroom structure, because right now we have chemistry and we have physics, is it a two year course now called physical science or is it a one year course -- anyway we’re not sure and we’ve read all the appendices but we’re still not sure.  


	 Concern
	Frequency
	Quote

	Need adequate resources to support implementation
	6
	We have some huge concerns about funding and I know that this is not something directly controlled by this particular thing, but there’s a lot of new technology, new equipment, new experiences that are called for that we don’t have right now.  
…and more importantly, the state needs to provide the resources to teachers and schools to be able to effectively implement these standards going forward.  
I have been to many, many conferences where teachers are paying for things out of their pocket, or they are writing grants constantly, and I am concerned about that.

	Need assessments and resources in time to support effective planning and implementation
	5
	And it comes up with clarifying statements of what the assessment is going to look like, instructional materials adoption process, etc.  I think that is the challenge, our next challenge for our framework.

There was a concern that assessments are being developed before implementation of what curriculum should look like.  

	There is currently not enough time for science instruction
	2
	

	Implementation will take time and should be phased in
	2
	The concerning thing I heard today was possible testing in ’15-’16 and material adoption maybe not till January of 2018.  Please don’t set our teachers up for failure again. 

	Consideration needs to be given to the impact NGSS will have on credentialing requirements and placements of teachers
	2
	I didn’t hear anything about dealing with the legislation that might be necessary to get CTC to do something about what they are doing in teacher preparation.


	 Concern
	Frequency
	Quote

	Developmental appropriateness
	2
	My other concern is just age appropriate concepts…4th grade standards, and 9-year-olds are really at that bridge between reality and fantasy…And to just only be dealing with rocks and not get their hands-on experience with the minerals, that leads very nicely into an understanding of atomic molecular elements, all of that study of Chemistry.  

	Need clarification regarding how assessment at grade levels where multiple disciplines may be addressed (e.g., middle school)
	2
	In the past there has not been a way to test some of the single focus classes except with the test for using the test for the larger topic (e.g., anatomy and physiology is tested with the standard biology test).

	The Standards are too much and too complicated
	1
	

	A system that recognizes and supports education and careers in geosciences
	1
	

	Gender Discrimination 
	1
	And I really think because of its lack of materials between K-3 that that results in a fundamental discrimination against women in science because of the way women learn in their early years, females learn, the way they acquire information between K up to about eight and a half is radically different than what they do after that.

	High school science education must adequately address biology
 
	1
	


Proposed Science Standards for California

The proposed standards can be viewed by grade level Disciplinary Core Ideas (DCI): Life Sciences, Earth and Space Sciences, and Physical Sciences or by grade level Topic (e.g.: Chemical Reactions, Structure and Function, or Space Systems). 

Below is the link to the proposed Next Generation Science Standards for California Public Schools, Kindergarten through Grade Twelve.

http://www.cde.ca.gov/pd/ca/sc/ngssstandards.asp 

Moving from Current California Science Standards to NGSS–CA

	Less emphasis on
	More emphasis on

	Bits of information

	Conceptual understanding

	Isolated investigation and experimentation process skills
	Integration of science and engineering practices with content



	Student acquisition of information


	Student understanding and use of scientific knowledge within and across science disciplines, and science an engineering practices 



	Numerous standards
	Targeted Big Ideas and Cross Cutting Concepts



	Uneven articulation throughout grade levels


	Learning progressions that develop K-12



	No engineering
	Engineering standards and practices that all students should encounter



	Undefined assessment
	Performance expectations



	Assessing science knowledge
	Assessing scientific understanding and reasoning



	Science only
	Integration with STEM and ELA
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2014*: Initial Implementation of New Science Standards





July 2013: SSPI Presents to California SBE Recommended Science Standards Based on the NGSS





April – May 2013: Three Regional Public Meetings





January 2013: Second Public Draft of NGSS Released





May 2012: First Public Draft of NGSS Released





November 2011: First Meeting of SRT comprised of Science Experts 





July 2011: Framework for K-12 Science Education Released by National Research Council 





April – June 2013: SEP Meetings





By November 2013: California SBE Adopts, Rejects, or Modifies Recommended Science Standards





October 2012: Third Meeting of SRT





February 2012: Second Meeting of SRT 





September 2011: California Selected as Lead State in the Development of NGSS, Based on NRC Framework








April 2013: Final Draft of NGSS Released








2011�
2012�
2013�
2014


�
�









* Pending SBE’s action 








6/27/2013 3:09 PM
6/27/2013 3:09 PM

