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Guiding Principles for the Implementation of the CA NGSS

Introduction


This chapter introduces the underlying principles that guided the development of the Science Framework for California Public Schools: Kindergarten Through Grade Twelve (CA Science Framework). These guiding principles are key considerations for the development, evaluation, and implementation of science and engineering programs in school and out-of-school, as well as guidance for the development of curriculum, instruction, and assessment for such programs. They incorporate a research-based vision for effective science education, as explicated by the NRC Framework (National Research Council [NRC] 2012), which provides references to the research base.

The guiding principles outlined here are connected to the conceptual shifts described in Appendix A of the CA NGSS. Their discussion expands on the concepts presented in the Introduction of the CA Science Framework and provides a reference point for all the subsequent chapters of the CA Science Framework.

Guiding Principles for the Development and Implementation of the CA Science Framework

Organized into six major ideas, the following principles represent a new vision of learning for all California students and provide a context for the ideas developed in the chapters of the CA Science Framework. 

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

In the CA NGSS, each performance expectation (PE) is written as a specific combination of the three dimensions of science (i.e., disciplinary core ideas, science and engineering practices, and crosscutting concepts). However, this is not the only combination of the three dimensions for instruction. The performance expectations specify what students should know and able to do using their understanding of science and/or engineering at the end of a grade level, for grades K-8 or grade bands for grades 9-12. For students to meet the performance expectations, instruction must provide students ample and rich opportunities to engage in multiple science and engineering practices, crosscutting concepts, and the use of prior knowledge in various contexts to explain phenomena or design solutions to problems. The challenge of designing an instructional sequence or developing curriculum and curriculum-related activities and resources, is to ensure that over the course of a school year and across the grade band, students engage in all of the practices in varied contexts and make appropriate use of relevant crosscutting concepts. When students are engaged throughout each instructional sequence with multiple practices and crosscutting concepts to explain phenomena and design solutions, they build a more robust and connected understanding that leads to authentic three-dimensional learning.

For example, the following PE from high school physical science contains only the practice of “analyzing data” and the crosscutting concept of “cause and effect” associated to the disciplinary core idea of “force” as manifested in Newton’s second law:

HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration.

A more detailed analysis of both the clarification statement and the foundation box associated with this PE (see Overview chapter for guidance to reading the PEs) reveals that it is not possible to develop the capabilities called for in this PE by reducing instruction to giving students’ pre-recorded data to analyze. In fact, students learn to interpret and analyze data while understanding the concepts of force, mass, velocity, and acceleration that underlie Newton’s laws through engaging in carefully designed investigations. In these investigations and activities, students make observations and gather data using appropriate tools, analyze and interpret patterns in these data, and relate their data analysis to what they are learning about Newton’s laws through cause and effect relationships. Students need to be engaged with real and/or simulated processes to explore phenomena and ideas about force and motion. They should create graphs from data, produced with appropriate controlled, varied and dependent variables, to recognize patterns that can be described by a linear relationship or equation. Eventually, students recognize patterns revealed in their displays and analyses of data that lead to the construction of models. These models can be mathematical, as well as diagrammatic and link possible causes to observable effects. This allows students to present and argue for a valid and reliable claim regarding the explanation of their observations. Through such investigations students develop understanding of the observable effect caused (CCC: Cause and Effect) by a given net force applied to a macroscopic object. Students are also able to: describe the reason for specific changes in the motion of that object; and they learn to recognize that the apparent variety of such changes can all be described by the term acceleration. 

Throughout the investigations, students are guided in communicating and discussing their explanations with their peers in respectful ways. At this point, students also learn to name the set of findings in their explanation as examples of “Newton’s second law of motion.” 

The role of teachers in guiding the process and interpretation of each investigation is to provide the students access to grade-appropriate situations and phenomena, additionally, teachers need to provide the equipment necessary to make relevant and accurate measurements, and to ask appropriate leading questions.  In this way teachers are able to help students develop ways to measure and represent motion that can be useful to reveal the acceleration that has occurred. Students will not “discover” Newton’s laws or even draw graphs of speed versus time without well-planned guidance from the teacher. Only through this three-dimensional learning will students be able to integrate the meaning and role of these laws into their structure of scientific knowledge and to use them as tools in new contexts and to solve problems across disciplines of science and engineering. 


The type of learning and understanding described in the example above, which is referred to as three-dimensional learning, is at the core of all CA NGSS instruction and represents a significant departure from the more traditional approach in which students would be simply told about “Newton’s second law” and asked to use it to solve standard types of algebraic problems to calculate one variable when given input values for the others.  
2. Coherent instruction: Learning opportunities in science are based on a carefully designed and coherent instructional sequence with clear and focused learning goals and appropriate connections to learning goals in other subject areas.

This principle requires curriculum developers, teachers, and students to shift from the perception that the science disciplines and each new core idea introduced at each grade level are separate entities, to the idea that students at each grade level must build on and connect their new learning to what they have learned previously. This instructional approach includes not only students’ prior ideas and learning related to the specific core idea in earlier grades, but also the possible application of other core ideas and crosscutting concepts in this particular context. For example, students learning about respiration in life science should be provided with opportunities to connect this idea to physical science concepts about chemical processes and energy transfers, as well as recognize how energy transfer relates to the complementary process of photosynthesis. Students may apply their skills in mathematics and language as they engage in science and engineering practices. Questions and issues more often discussed in social science classes may also be relevant in applications of science through engineering and technology, for example, one may discuss and argue the risks and benefits of particular human actions on ecosystems.

Coherence is achieved through careful planning and communication among teachers in different subject areas at the same grade level, as well as across science disciplines and grade levels. Coherence is an important principle for the effective implementation of the CA NGSS. For this reason, teachers need access to well-designed curricular materials, as well as time to work with other teachers to understand their part in the multi-year development of a core idea, application of a crosscutting concept, or the proficiencies and capabilities that are needed as students engage in science and engineering practices. 

By focusing science instruction around a limited set of disciplinary core ideas (DCIs), the CA NGSS allow educators to revisit a particular core idea with progressively increasing depth and complexity from one grade band to the next grade band.  It is not expected that the same ideas be covered repeatedly, nor is there time for teachers to repeat the experiences of one year before further developing this core idea in a subsequent year. Therefore, it is of great importance that science educators support students to master the content expected at each grade level. Any omissions in content at lower grades can severely impact the success of students’ later achievement and compromise the instructional work of science educators in subsequent grade levels. 

In summary, as with the California Common Core State Standards for 

Mathematics (CA CCSSM), the learning sequence for the CA NGSS must be designed to build from year to year and to limit repetition of activities and time spent on re-teaching prior content.
To develop a thorough understanding of scientific explanations of the world, students need sustained opportunities to work with and develop the underlying ideas and to appreciate those ideas’ interconnections over a period of years rather than weeks or months. This sense of development has been conceptualized in the idea of learning progressions. 
Understanding the core ideas and engaging in the scientific and engineering practices helps to prepare students for broader understanding, and deeper levels of scientific and engineering investigation, later on—in high school, college, and beyond. 

(NRC 2012)

The CA NGSS are designed to allow students the opportunity to continually build on and revise their conceptual knowledge of science content and their abilities to engage in the science and engineering practices. Across the learning progressions for the DCIs, the early grades emphasize exploring the visible and tangible world. Subsequently, students develop understanding of phenomena and systems that they cannot directly see, but that they can still access through tools and experiences in classroom or school-yard investigations, or through on-line simulations and video. These experiences allow students to recognize and model systems that they cannot see, such as those inside a human or animal body or those that require a microscope to be observed. Ultimately, students explore natural systems that occur at scales in time and space too small or too large to observe directly, but that can be understood conceptually by developing models, computer simulations, and using specialized measurement and imaging tools.  With these tools, students collect relevant data to provide supporting evidence that can be used to infer concepts and to test their value in making predictions about measurable outcomes. 

This learning progression of instructional experiences for students with increased sophistication and depth over time is presented in the NRC Framework in the following way:

· K–Grade 2 focus on visible phenomena with which students are likely to have some experience in their everyday lives or in the classroom.

· Grades 3–5 explore macroscopic phenomena more deeply, including modeling processes and systems that are not visible. 

· Grades 6–8 move to microscopic phenomena and introduce atoms, molecules, and cells. 

· Grades 9–12 move to the subatomic level and to the consideration of complex interactions within and among systems at all scales.

(NRC 2012, 303)

The learning progressions in the NRC Framework were informed by the available research on learning and teaching, including, but not limited to the NAEP 2009 Science Framework, the College Board Standards for College Success, and the AAAS Atlas for Science Literacy.

A further level of coherence is provided in the CA NGSS by the explicit integration of science and engineering in the performance expectations. In this respect, engineering design has been raised to the same level of educational value as science inquiry for all students.  The CA NGSS link to engineering design and to application of science through engineering and technology because these elements are valuable in the context of learning science. In fact, they help students better understand the disciplinary content, make use of the practices, and appreciate how the knowledge and practices relate to and are used in our society and the world. 

Science instruction provides multiple opportunities to support and make connections to other disciplines. Reading, writing, speaking, listening, using mathematics, and thinking critically and creatively are skills that students need to learn and do science and engineering. The California ELA/ELD, Mathematics, and History- Social Science frameworks provide some guidance to elementary-level teachers, as well as secondary science teachers and ELD teachers, for incorporating instructional strategies that develop students’ language proficiency, literacy, and mathematics skills to support learning in science and engineering. Coherence requires cooperation of teachers across these subject areas.  At the elementary level, it also requires teachers to develop science lessons and activities that can support literacy and language development or mathematical reasoning and skills development at the same time as they support science learning. 

This coherence can realistically be achieved because the standards for the four disciplines (science, ELA, HSS, and mathematics) overlap in substantive ways and thereby enhance the opportunity to give all students equitable access to comprehensive learning standards. Some significant work regarding the implications of integrating the CA NGSS with the CA CCSS in meaningful and coherent ways is presented by the Understanding Language group at Stanford University (http://ell.stanford.edu). The Venn diagram presented in Figure 1 highlights the interplay and synergy between the CA NGSS and the CA CCSS in mathematics and language arts/literacy by displaying the overlaps of the science and engineering practices, the mathematics practices and the language arts student capacities defined in those documents. In addition the CA ELD standards are aligned to supporting language learner students to achieve all the academic standards. 
The practices that were salient across the three content areas have been analyzed according the description provided within each of the key documents. Rather than accepting these overlaps as being a perfect model, educators should use the diagram to foster discussions regarding literacy/language implications that are common throughout different disciplinary areas. For example, educators can stress the similarity in the structure of an argument (claim, evidence, reasoning, rebuttal or counter-claim) across disciplines, while at the same time discussing the particularity of what counts as evidence, and types of reasoning used within each discipline.

Educators providing instruction, as well as developers of curriculum materials, should leverage these intersections to create high-quality science experiences and less compartmentalized learning for the students (Stage et al. 2013).

Figure 1: Relationships and convergences among mathematics (M1-8), science (S1-8), and ELA (E1-7) practices (Cheuk 2013)
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3. Effective teaching: Effective teaching and support for teacher learning are essential to student success.

The importance of teachers in students’ achievement is reflected in the report Greatness by Design (State Superintendent Tom Torlakson’s Task Force on Educator Excellence 2012). In the report, Superintendent Tom Torlakson’s Task Force on Educator Excellence recognizes professional learning opportunities that are “sustained, focused on important content, and embedded in the work of collaborative professional learning teams”. These opportunities allow continuous improvements in teachers’ instructional practices that will result in increased student achievement. 

Teachers must be well prepared, knowledgeable in the grade-level content and vision for science learning, and have a deep understanding of all three dimensions of science learning if students are to achieve the goals of the CA NGSS. This will require districts and schools to ensure that current science teachers receive opportunities for adequate and effective professional learning. Furthermore, school and district policies, practices and expenditures will need to be aligned to provide teachers with the time, space, equipment, and resources they need to teach science as envisioned in the CA NGSS. 

Neither the professional learning nor the resource needs can be met all at once, so implementation is expected to occur over multiple years. Ensuring that every student at every grade level has adequate opportunities to learn science from effective and well-prepared teachers is a matter of equity of opportunity. This can only be achieved if district and school administrators, as well as teachers, recognize these needs and work toward meeting them.


Teaching is improved when educators have the time to engage collaboratively in planning, evaluating instructional materials and adapting them to local needs, and reviewing the data from student assessments. Districts and schools must provide not only professional learning where experts are brought in as the providers, but also time to build professional learning communities where teachers can work with other teachers. This will allow both teachers within and across schools and districts to share expertise, reflect on challenges, and plan for future units of instruction.

Responsibility for the preparation and support of teachers as they progress towards implementation of the CA NGSS is shared among principals, district administrators, and designated lead or mentor teachers. Because teachers also will need support from families and communities as they implement the changes in their classroom, it is important for district and school leaders to inform parents and families about coming changes, educate them about the reasons for the changes, and listen and respond to their concerns. Community members with strong science or engineering backgrounds, can be valuable assets both in supporting communication to parents and families, and in supporting teachers as they incorporate these strategies into their day to day teaching.

Further guidance regarding how to support teacher professional learning and instructional strategies to implement CA NGSS are discussed in the Implementing High-Quality Learning for the 21st Century: Professional Learning, Leadership, and Supports chapter and the Instructional Strategies for CA NGSS Teaching and Learning in the 21st Century chapter, respectively.
4. Appropriate use of technology: Technology, including using technology to developing models and simulations for conducting scientific investigations, is an essential tool for the full implementation of the CA NGSS in the classroom.


In their daily work, scientists and engineers not only make use of computers to analyze data, communicate, calculate and model systems, but they also employ highly technical equipment, including specialized probes and instruments, to extend their ability to experiment with and make observations of phenomena. 

The CA NGSS science instruction should include resources for students to engage with and even design technology-based tools to:

· plan and perform investigations 
· explore and make prediction from provided computer simulations 
· create new or extend existing computer simulations
· understand how these simulations incorporate science theory in their underlying computational models 
· analyze and display data 
· search for information 
· communicate findings  
· collaborate


The use of graphing calculators and computer-linked measurement tools greatly expand students’ ability to measure, record, and analyze a sufficient quantity of data to reach meaningful conclusions. Creating new, or extending existing computer models and understanding how simulations incorporate science theory in their underlying computational models are additional ways that technology is an essential tool for the full implementation of the CA NGSS. Specifically, students engaged in computer modeling and simulation use the engineering design cycle as they iteratively develop and refine their models and exemplify how technology is an essential tool in modern scientific investigation. The level of complexity in technology use and of students’ capacity for computational thinking progresses with each grade level as students develop a deeper understanding of and ability to reason with data. The need for creating more sophisticated analysis tools, including coding capability, increases as students engage in understanding phenomena that are characterized by large data sets or complex relationships between multiple variables. Because computer models are written in code, the creation, modification, and inspection of computer models can be achieved if students are provided with age-appropriate computer science instruction that enables them to read and edit the code. Organizations and programs such as Code.org
, Santa Fe Institute’s Project GUTS
, and Northwestern University’s and NetLogo
 provide valuable free resources that create opportunities for students to develop new or use existing computational models and simulation of systems in the context of life, physical, and earth sciences aligned to the CA NGSS.  

It is important to note, however, that computer simulations should be used as an aid and extension to students’ understandings of scientific concepts and should not completely replace the hands-on experience of interacting with a real experiment and making sense of real data. The Bifocal Modeling
 project from Stanford University is an example of how to develop experiences for students through the parallel use of real experiments and computational models of the same experiment (see figure 2). These activities allow students to learn scientific content while deepening their modeling skills, use of scientific instrumentation, computational thinking, and understanding of how science builds knowledge and engineering solves problems (Salehi et al. 2013). Whenever possible, teachers should emphasize the existing discrepancies between a simulation and a real experiment to emphasize the limitations, accuracy, and credibility of both simulation and experiment.  
Figure 2: Representation of the Bifocal Modeling framework from Stanford University.
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Effective science instruction in K–12 uses technology to teach and engage students, assess students’ demonstration of knowledge in multiple formats and media, and increase their technological and scientific literacy, and engage students as young computational scientists.  Even in elementary grades, there are many valuable teaching tools and resources that are accessible through computers, tablets, or even cell-phones. Choosing how and when to use such tools and resources is an important element of instructional planning. Too often students’ experiences with technology are as end-users or consumers of products made by others.  In science, it is of utmost importance that students are not trained to blindly accept the models and theories put forth by others as black boxes, but instead to use technology to its fullest potential as a tool.  

Curriculum developers also need to attend to the technological and computational elements. They should ensure that curriculum incorporates high-quality resources such as those that engage students as creators of models that can be used to run simulations and, as needed, the use of appropriate computer-linked measurement probes. Curriculum should also provide links to quality open-source materials and pedagogical supports for teachers to effectively incorporate these technological tools and resources throughout their instruction.

Finally, all science educators should leverage the increased use of technology that is included in the CA CCSSM and the CA CCSS for ELA/Literacy. For example, searches for information through the Internet, evaluation of the reliability of informational resources, and interpretation of data available through external databases are all important components of the practice of obtaining, evaluating and communicating information. These technology- related skills are equally important in the context of CA CCSSM and the CA CCSS for ELA/Literacy as they are for the CA NGSS. All teachers, not only science teachers, should take advantage of the skills that students develop across multiple disciplines and should support the on-going development of these skills.  This includes the development and use of computational and technology-based tools in multiple contexts and learning environments. 
5. 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 (All Standards, All Students).

The CA NGSS emphasizes that all students, regardless of their future education or career path, should have the opportunity to achieve a comprehensive K–12 science education that prepares them to make informed choices about their future after high school.  A well-designed, comprehensive science education program provides equitable learning opportunities that allow students from diverse backgrounds to engage in science and engineering and achieve proficiency. 

The CA NGSS, are cognitively demanding, and teachers must be knowledgeable of effective strategies for differentiating instruction so that all students in the classroom, including English learners, are able to meaningfully participate in scientific inquiry, regardless of their starting point of experience with science content and practices or their level of language development. This requires educators to provide students with different types of support, including scaffolds, to do science and engage in scientific discourse. 

Support for students may come in many forms, including but not limited to, scaffolding and targeted intervention strategies to support and but not override independent learning, as well as culturally and linguistically responsive instruction that values and leverages students’ experiences.  Educators should convey the expectation that all students can achieve their full participation potential. Both general education and special education teachers should ensure that all students with special instructional needs receive high-quality, differentiated instruction in the core curriculum, which includes science.


California has the largest number of English learners (EL) in the country. More than 20 percent of California’s students in kindergarten through grade 12 are designated as ELs, and more than 40 percent come from homes where languages other than English are spoken, with close to 60 different language groups represented (California Department of Education [CDE] 2013). Science educators need to know who the language learners are in their classrooms, and develop strategies that ensure they are supported to participate in a rich and inclusive classroom discourse community. They should also provide a learning environment that is welcoming of diverse perspectives and cultural richness.

Effective science teaching and learning as presented in the CA NGSS cannot occur without encouraging students to engage in academic conversation, to explore the content as it links to their daily lives, and to link the content to a broader world to expand their horizons. For these reasons, doing science and engineering represent an important opportunity for all students to further develop their language abilities in social and academic contexts. This opportunity is greater for ELs hence the need for educators to support students to engage in these classroom conversations is proportionally more.

In this respect, the CA ELA/ELD Framework clearly highlights the challenge for educators in providing instruction that: 

meets each student where he or she is, taps into what is important in students’ diverse personal worlds to establish relevance and meaningful purposes for reading, writing, speaking, and listening, ensures that all students achieve the intellectual and communicative skills and knowledge to succeed, and is respectful and responsive to students, their families, and their communities.
(CDE 2014)

English learners receive support through the implementation of the CA ELD Standards, which are designed to ensure that ELs attain the English language knowledge, skills, and abilities that allow them to access, engage with, and achieve all academic content standards. Science instructors should use the grade-level CA NGSS as the focal standards for content instruction, and they should also use the CA ELD Standards in order to ensure ELs are fully supported to access rich content knowledge and develop academic English in science. The CA ELA/ELD Framework uses the term integrated ELD to refer to ELD throughout the day and across the disciplines. There is additional information about integrated ELD in the Instructional Strategies chapter as well as the Access and Equity chapter of this framework. In addition, there are examples of integrated ELD in the snapshots and vignettes throughout the grade level chapters. Although integrated ELD is key to ELs success in the science classrooms, language development specialists and science teachers should also collaborate to maximize both language and science learning for ELL students.



Because K–12 science and engineering learning opens the doorways to many rewarding career choices, a comprehensive curriculum should help students make explicit connections between the science or engineering concepts and practices that they are learning and their everyday life and future career options. Schools can help students connect their learning to their career options through building connections with local employers and institutions of higher education. Partnerships with science-rich organizations such as research laboratories or science museums, as well as with professional organizations in science and engineering, can help teachers make connections and expose students to potential role models and future career choices, as well as motivating and promoting students’ learning. These links can also help support the teacher’s own professional learning in science, engineering, and other science applications in areas such as medicine, agriculture, environmental engineering or nanotechnology. 

The Access and Equity chapter in the CA Science Framework and Appendix D of the CA NGSS include a detailed discussion of the types of support that can be provided to students with different backgrounds and learning needs to ensure that all students have the opportunity for high-quality science learning.

6. Meaningful assessment: Student learning should be assessed in multiple ways to inform instruction and evaluate progress towards performance.


The CA NGSS are stated as performance expectations, which are designed to stress that in science what is known does not stand separate from how it is known or applied. The performance expectations should be viewed as the expected outcomes of an instructional sequence during which their learning is monitored in an on-going fashion through a variety of formative assessment strategies, and instruction adjusted based on the outcomes of those assessments.  Students engaged in the science practices in the classroom often display their thinking in science notebooks, in the models that they develop, and in their contributions to classroom discourse. This provides teachers with a variety of informal opportunities to monitor student thinking and to attend to which students need more work to reach the desired level of understanding and capability. To gauge achievement of the performance expectations, end of unit or end of course summative assessments will need to involve some performance tasks where students demonstrate their understanding of a concept or idea through engagement in one or more science or engineering practices and have opportunities to apply crosscutting concepts.  Grading may also be based on samples of required individual student work collected during longer-term, in-class, learning activities and projects, on portfolios of student work, or on end-of-project presentations and reports. Thus the variety of tools used for assessing three-dimensional learning must be broader than assessment under the previous CA standards.


Effective and continuous assessment throughout the academic year is necessary to gauge student learning and promote instructional adjustments. In a CA NGSS context, teachers should recognize that every task that students engage in, from a classroom discussion to reflective writing in their science notebook, provides a formative assessment opportunity to monitor the thinking of either individual or groups of students. It allows teachers to assess students’ current level of progress towards understanding the core ideas and to use the information to inform the next steps in instruction. 

There is often little need to distinguish between a learning task and a formative assessment task. For summative assessment purposes, where performance assessment is used, the task can be an extended group learning experience with clearly defined expectations for individual student products that will form the basis for individual student assessment. To achieve mastery of PEs, instructional units will include multiple opportunities for assessment of student progress in both formative and summative ways, requiring varying amounts of time and addressing different aspects of student learning. 

Implementation of the CA NGSS will require the creation of classroom communities in which discourse among students as they engage in the science practices is at the center of instruction. In this context students are provided with structured opportunities to reflect on their own thinking and to listen and respond to the thinking and reasoning of others (metacognitive, linguistic and social processes). The teacher facilitates this process by questioning students in order to elicit metacognition and self-assessment, as well as to lead students to deepen their thinking. This environment not only provides multiple opportunities for the teacher to observe and assess student thinking, it also provides a context in which students can learn to evaluate their own work and that of others, to refine and revise their ideas or designs, and to recognize the value of that process for their learning. 

In classroom, as well as out-of-class activities and tasks in which students engage as they learn, provide a basis for rich classroom assessment of student understandings and capabilities. Teachers will need support to recognize the different uses and observable properties of tasks for assessment purposes, to develop experience in fair and rigorous scoring of performance tasks, and to understand how different types of tasks are best suited to different assessment purposes.

Large-scale external tests aligned to the CA NGSS may be developed for statewide assessment purposes. When the format and technology platforms of these tests are available, students will need experience with them in order to prepare for the tests. 
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Three-dimensional learning: Effective and long-lasting science and engineering learning occurs when students engage in all the three dimensions of the CA NGSS to explain phenomena or design solutions to problems. 


Coherent instruction: Learning opportunities in science are based on a carefully designed and coherent instructional sequence with clear and focused learning goals, and appropriate connections to grade-level expectations in other disciplines.


Effective teaching: Effective teaching and support for teacher learning are essential to student success in science and engineering. Coherent professional learning plans for teachers, leadership development supports (also for administrators) and community engagement are required so that teachers have adequate resources, spaces and time to implement the CA NGSS.


Appropriate access to and use of technology: Technology, including the use of technology to develop models and simulations for conducting scientific investigations, is an essential tool for the full implementation of the CA NGSS in the classroom. All teachers and students should reliably have access to technology for learning and evaluation purposes.


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 to evaluate students’ progress towards mastery performance.








� Official code.org website: � HYPERLINK "http://code.org" �http://code.org�. Example of resources for middles school � HYPERLINK "http://code.org/curriculum/mss" �http://code.org/curriculum/mss�


� Official Project GUTS website: � HYPERLINK "http://projectguts.org" �http://projectguts.org� 


� Official NetLogo website: � HYPERLINK "http://ccl.northwestern.edu/netlogo/" �http://ccl.northwestern.edu/netlogo/�


� Official Bifocal Modeling website: � HYPERLINK "http://bifocalmodeling.stanford.edu" �http://bifocalmodeling.stanford.edu� 
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