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High School - Four Course Model 

Overall Chapter Introduction
A Framework for K-12 Science Education (NRC Framework, 2012) outlined a significant new vision for science education. The Next Generation Science Standards for California Public Schools, Kindergarten through Grade Twelve (CA NGSS) are just the first step to translate that vision into practice aided by the Science Framework for California Public Schools: Kindergarten. Through Grade Twelve (CA Science Framework). 

Before the CA NGSS can be implemented, the high school grade-banded performance expectations (PEs) must be organized into courses. This chapter describes one way in which the PEs for high school could be bundled together into units to form an appropriate sequence of courses. 
This chapter describes four high school courses. Appendix K of the NGSS provides examples of model course mapping for the middle grades and high school level. The courses proposed in this chapter are based on the Science Domains Model in which one course is assigned to each domain of the CA Science Framework:  life science (LS), physical science (PS), and Earth and space science (ESS). Then, the PS performance expectations have been further sub-divided so that a chemistry course and a physics course could be defined.
Individual PEs should not be used to develop individual lessons or activities, as they are insufficient to specify the full organization of a coherent curriculum. Rather, a unit comprising a bundle of selected PEs allows enough breath to address the key content ideas that students need to develop in depth. 

In general, the PEs in each unit allow students to engage in disciplinary core ideas (DCI) related to a specific disciplinary topics through the use of the scientific and engineering practices (SEPs). The PEs are the expected outcomes after a sequence of units that build on one another as students develop the underlying knowledge of the topics in high school. Furthermore, as students engage in multiple practices in the course of each of these units, they also make use of the crosscutting concepts (CCC) as tools to make sense of their observations and investigations within each unit and to answer the guiding questions that are developed based on the phenomena investigated. 
The selections of PEs in each unit bundle presented in this chapter are only one example of the way in which the PEs could be coherently organized and should not be interpreted as the only way or the required way to address science instruction. There are a variety of possible alternative paths and different interplays among overarching themes identified in each unit bundle. Educators should consider their local context as they reflect upon these examples and make decisions regarding the development of their own instructional sequence and courses adapted to best meet their students’ needs. 

For each unit bundle of PEs, an effort is made to provide an expanded description of the science concepts indicated in the DCI that underlie the specific set of PEs. Furthermore, the clarification statements and assessment boundaries associated with the PEs in the bundle were used where appropriate to suggest students’ investigations consistent with the learning objectives for the unit and aligned with the vision of three-dimensional learning, consisting of science and engineering practices, crosscutting concepts and disciplinary core ideas. 

The teaching of science and engineering content should be integrated with the teaching of the practices of scientists and engineers. It is through the integration of content and practices "that science begins to make sense and allows students to apply the material” (NGSS, 2013).  The CA NGSS encourage teachers and students to go more deeply into specific topics, emphasizing critical thinking and primary investigation in the context of case-studies. 
However, the CA NGSS do not dictate any specific curriculum.  Rather, it is left to local decision-makers to determine how to organize units or bundle performance expectations to present coherent and engaging curricula for students. Such curricula should help students master the disciplinary core ideas identified by the NRC Framework, through investigations that employ both science and engineering.  In particular, lessons should be created in such a way that students learn the power of employing CCC to understand and explain phenomena from a wide variety of fields.  Local education authorities will determine how best to arrange this curriculum.  

A cursory review of the CA NGSS PEs and the 1998 California State Content Standards for Science reveals a significant change in emphasis.  With the exception of the investigation and experimentation standards, all of the 1998 California State Content Standards for Science start with the phrase “Students will know…”  By contrast, the performance expectations of the CA NGSS emphasize higher level reasoning through phrases such as: “plan and conduct...”, “develop models…”, “communicate…”, “predict…”, “apply scientific principles…”, “support the claim…” etc. Although the number of PEs in CA NGSS is smaller than the number of standards in the existing standards, they require a deeper understanding. It is critical that teachers look at the verbs embedded in each PE to understand what students are expected to do.  It is no longer sufficient for students to simply “know” facts about science, they need to be able to apply science and engineering practices to uncover and elucidate crosscutting concepts that have applications across many DCI.

The PEs of the CA NGSS for the high school level are the assessable statements of what all students should know and be able to do by the end of twelfth grade.  In other words, the PEs represent the minimal assessable standards for which all high school students should be held accountable. Each of the PEs have assessment boundaries to guide those who construct standardized assessments.  Thus, the PEs set a minimum goal and high school science teachers should include additional expectations as appropriate for the goals of their courses.  Teachers should pay close attention to the DCI, SEP, and CCC and develop each to the depth appropriate for the goals of their class using the resources in the CA NGSS Appendices.   
Course Sequencing Discussion
California’s high schools operate largely under local control. As such, course offerings and the order courses are offered for high school science are a Local Control Agency’s decision. As a result, the CA Science Framework prescribes neither the courses to be offered nor the order in which they are offered. Instead, districts may consider multiple course sequences. The proposed integrated and coordinated science models have set sequences but the 3-year and 4-year discipline focused models do not.

As decision makers, you have several factors to consider when deciding what will best meet your students’ needs. Try not to let tradition and staffing be the only factors you consider as you make these choices. Since students learn the same eight science and engineering practices and seven crosscutting concepts in all science classes, we are focusing on disciplinary core ideas in this discussion.

The order in which high school science courses have traditionally been offered, biology – chemistry –physics, has been in place for more than 100 years since the Committee of Ten first met, and may not make the most sense in our 21st century world. As you and your colleagues decide among the 24 permutations for course sequence in the 4-course discipline focused model and 6 for the 3-course model you need to be thoughtful about your choices and consider carefully the implications of the selected sequence. Strong arguments can be made for any of the sequences. 


The questions and prompts below are meant to help your team with the decision.

· Is your goal to get students to take more science and STEM classes? If so, consider placing the most engaging and exciting classes as the first courses in the sequence. This may recruit more students into STEM and science classes (and possible STEM related careers and college majors).

· What course(s) are viewed as most important to your community? Put those classes first because some percentage of your students will take the minimum requirements for graduation.

· How many science classes are students in your district required to take in order to graduate? How many science classes do students in your school typically take?  What science concepts and ideas do you want to be sure that all students have if they don’t take the full scope of NGSS? These questions all have implications for choosing which classes (and ideas) come earliest.

· What science ideas do you think juniors and seniors are more developmentally ready to learn than freshmen and sophomores? 

· What concepts and ideas do you think are more concrete so should be placed earlier in the sequence, with more abstract ideas coming later in the learning process?


· As you consider individual discipline focused classes, look at the performance expectations. Are there PEs from other disciplines that should be mastered for students to be successful in your particular course? If so, that has implications for sequencing.


The decision you are being asked to make is nontrivial. We urge you to spend time on the decision (don’t assume you can do it during a single department meeting!). Ultimately, your department/district needs to determine a two-, three- or four-year sequence of courses offerings. Whichever course sequence you select needs to consider the learning that takes place in earlier classes which will support and impact learning that comes later. The purpose of science classes is not merely to prepare students for other courses, but they are interconnected and disciplines overlap (think about those crosscutting concepts which underpin all of science). Ideas and concepts learned in one content area come into play when learning a new science discipline. 
These should be considered as you determine what order to place courses:
· Earth and space science early or late in the sequence?

Modern Earth and space science is an integrated discipline, which uses life and physical sciences to understand the universe. Earth and space science as an early course can be grounded in California phenomena, serve as a teaser for future classes, and introduce students to concepts that will be developed in later science classes. However, as a later course it can be a culminating capstone-like experience tying together and utilizing concepts from other disciplines as they apply to phenomena in our state and Universe.

· Biology early or late in the sequence?
Biology has a better track record of interesting girls in science, teachers are more comfortable with its earlier placement in the sequence, and kids are generally interested in themselves, so a course that helps them understand themselves could be a good starting point. However, modern biology requires understanding and applying chemistry and physics–much of biology today explores and explains things at the molecular or cellular level. How could topics in a high school biology could be taught differently if chemistry, for example, were taken prior to biology as opposed to afterwards? 

· Chemistry early or late in the sequence?
As mentioned above, modern biology is heavily influenced by chemistry. Having chemistry prior to biology may be instructionally efficient –biology teachers won’t have to teach concepts already learned in a chemistry class. On the other hand, chemistry is rather abstract, dealing with phenomena unseen to the naked eye and unintuitive to students. Knowing your students and community will help you decide if they can handle the more abstract science ideas earlier in their career. An understanding of physics prior to chemistry could help students better understand atomic structure, electron shells and 

orbitals, and bonding. Just as comfort with mathematics is an argument used for determining where physics should be offered, some will argue that chemistry also requires a comfort level with mathematics which could influence its placement in the sequence.  

· Physics early or late in the sequence?

Physics has traditionally been offered late in the sequence to a small population of students (it tends to be an elective course with most students electing not to take it). Many argue physics later in the course sequence allows concepts to be introduced through a more mathematically rigorous lens. Others argue physics earlier in the sequence is approachable to students as the concepts are concrete and relate to students’ everyday life. Physics prior to chemistry or earth/space science means students bring an understanding of the mechanisms for much of the physical world to their studies. Physics after chemistry or earth/space science allows the opportunity to revisit ideas learned earlier. Physics early in the sequence, taken by all students, might attract more students to pursue the physical sciences – especially girls and underrepresented populations who traditionally avoid the physical sciences.
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