Next Generation Science Standards Notes
Focus on Climate/Global Change and Energy related standards

Draft- Mark McCaffrey - May 26, 2012

In addition to an interest in promoting understanding of the nature of Science, the National Center for Science Education has two main areas of focus in science education: evolution in the life sciences and climate change, which cuts across many disciplines of science.  Due to the primary emphasis of our organization, we examined a subset of the NGSS standards rather than attempt to review them all. Of the 64 proposed NGSS standards being proposed, we have examined 9 of the 17 Life Science standards, 12 of the 18 Earth and Space Science standards, 5 of the 23 Physical Science Standards and all four of the Engineering and Technology standards, or a total of 30, a little less than half the total. 

Today most teenagers, like most adults, would get a D or an F if quizzed on their understanding of climate and energy basics.  A study entitled "American Teens' Knowledge of Climate Change" conducted by the Yale Project on Climate Change Communication sums up the current understanding of today's students: 

Fewer than 1 in 5 say they are “very well informed” about how the climate system works or the different causes, consequences, or potential solutions to global warming, and only 27 percent say they have learned “a lot” about global warming from in school. Importantly, 70 percent of teens say they would like to know more about global warming.

In looking at the standards for continuity, learning progressions, and appropriateness of student competencies that will ultimately be assessed through questions or demonstrations articulated in the top of each proposed standard, we make the following assumptions:

· Disciplinary Core Ideas will not be changed since they have previously been developed and vetted through the National Research Council process.
· Science and Engineering Practices, Crosscutting Concepts and Common Core connections may be tweaked but are unlikely to be changed significantly through the NGSS review process.
· Systemic issues relating to deployment of the standards, restructuring and retooling existing disciplines, teacher training, curriculum development and funding are above and beyond the scope of the review and will be determined later. 

Therefore, the primary focus of this review has been in the demonstrations of student understanding. 


Overall impressions

These proposed 64 standards that cover 13 years of science education offer a strong and potentially revolutionary improvement toward addressing science education in the United States in the 21st Century.  The standards are blend key principles and conceptual content within a flexible framework that will allow states, school districts, curriculum developers and teachers to customize learning for the needs of their communities and individual learners. 

When fully deployed, learners will through the standards and beginning in Kindergarten gain mastery of the basics of science and the related influence of engineering, technology, and science on society and the natural world.  When further integrated with Common Core, mathematics and language arts/communications skills, learners will increase their competencies in science literacy and related real-world applications.  While no complementary social studies standards have been drafted yet, the NGSS coupled with Common Core standards will be complete when such social studies and science standards are added to the mix.

In particular, we are pleased how the standards evolve from simple to more complex, from local to regional to global scales (and beyond).  These standards are far more integrative and holistic in approach than existing national or state standards.  Currently, scientific learning is often siloed in traditional disciplinary bins and may be disconnected from student's experience and context. Crosscutting themes, such as climate and global change as well as the role of energy and engineering in our lives, all too often fall through curricular cracks, or are not taught because they are not found in standards. 

One of the strengths of NGSS is that the disciplinary core ideas are based on the NRC Framework.  While efforts will undoubtedly be made to tinker with and wordsmith these core ideas, perhaps remove some all together, we urge those involved with NGSS to resist such a temptation.  Nor should states or teachers be able to pick and choose what to cover.  While educators should certainly be allowed flexibility in how the content is taught, the overarching goal of NGSS-- that these standards represent key scientific concepts that all students should master-- should not be compromised.  Some language of the core ideas may be flawed and at some point they may require updating as scientific understanding evolves, but the overall coverage is solid in terms of current scientific research.   While someone's favorite scientific concept that everyone should know may be missing (such as nitrogen and phosphorus biogeochemical cycles or human origins and evolution, for example,) the core ideas are broad enough that these topics can and often will be included at the proper learning level. 

While at first glance some of the core ideas and demonstrations of understanding appear to be somewhat advanced for the grade level proposed, it is important to set a higher bar to engage all students.  Children and young adults, by and large, are born learners, provided they are given sufficient community and family support and the encouragement and guidance of prepared educators.  The inclusion of solutions and modeling will, if properly deployed, engage all learners and help answer the inevitable "why should I know this?" question by presenting students with challenging but doable problems to solve, as individuals and in groups. 

Certainly, full and effective deployment of the NGSS will require a larger conversation, particularly at the district and school level, where current disciplinary boundaries and schedule and resource limitations may restrict access to a computer lab or make it impossible to have students make progress on a model or demonstration project in a 40 minute class period. 

Comments on specific standards

K.OET Organisms and Their Environments
With the emphasis on engaging learners in observations of how plants and animals are part of and influence a local environment, this standard beings to plant the seed for how humans use resources from nature, can affect the environment and develop solutions to reduce human impact.  While some may criticize this as training people at a young age to become environmental activists in the future, there is solid evidence that all these core ideas are based on current scientific understanding.  It will be important throughout elementary school years in particular for teachers to refrain from expressing their own political opinions or fostering "gloom and doom" in students, but instead tapping the inherent "sense of wonder" that most children feel toward the natural world. 

K.WEA Weather
Just as students begin to observe the interactions of the environment around them, this standard brings in the study of sunlight, weather patterns and events, and the role of weather forecasting to protect public safety.  These two standards are naturally complementary to each other, and teachers will be able to help young learners make connections between the two. 

1.IOS Interdependence of Organisms and their Surroundings
Building on the previous two standards relating to environments and weather, this standard brings in the dimension of time, including diurnal and seasonal changes and other cycles, as well as events, such as a storm, that have a beginning and end.  Again, observations are an integral component to the standard. 

2.IOS Interdependence of Organisms and Their Surroundings
Digging deeper into how organisms interact with their environment, students are asked to test the needs of plants for water, sunlight and type of soil, and develop explanations for how environmental changes at different time scales affect the survival of plants and animals.  With a nod toward all the young boys interested in dinosaurs, the standard asks students to research and communicate information about a plant or animals that no longer exists but may resemble other living things now.  This plants the seed for more in-depth understanding of evolution and adaptation. 

3. EIO Environmental Impacts on Organisms
Embedding humans firmly in the environment, learners are challenged to environmental systems operate and how organisms, including humans, obtain resources for their survival by examining and modeling data.  The use of argumentation to examine the pros and cons of habitat change and having students design an artificial habitat will pose a challenge in terms of teacher preparation, schedules and resources, but it should be aligned with learning development at the third or fourth grade level. 

3. WCI Weather, Climate, and Impacts
Gathering, analyzing and interpreting local weather data and looking for long-term patterns may seem too advanced for the proposed third grade level, but assuming their mathematical skills are on track, this approach is a natural complement and extension of what they are learning in math, providing a "real-world" application.  Being able to access local data may be a challenge in some areas, but increasingly the data is broadly available and many schools are collecting their own weather data.  Including the societal dimension-- developing through a collaborative process solutions that reduce environmental or societal impact of weather-related hazard, gives this standard a powerful "risk deduction through community involvement" dimension that we applaud. 

4. PSE Processes that Shape the Earth
Helping set the stage for later explorations into the components of the Earth System, students examine rates of erosion, tree rings and ice cores, how living organisms can affect local areas, analyze maps for geological hazards in the region, construct models for reducing impacts of hazards, and develop explanations for how some rocks and minerals can be formed by the remains of organisms.   Assuming students will have access, via computers and/or access to appropriate hands-on materials, these learning activities and related demonstrations of competency will help establish a foundation for more advanced investigations in middle and high school. 

4.E Energy
As a cross-cutting concept, energy should be emphasized and teased-out throughout the curriculum, the danger being that it may be so thin that it is lost all together, as it often is in current curriculum.  Energy literacy, related to climate and global change literacy that is crucial for informed students and citizenry in the 21st century, should certainly be begun in elementary school, and this standard begins that process.  Learners will investigate a wide array of energy transfer, examine and communicate how humans use technology to concentrate, transport and store energy, test design constraints in the transfer of electrical energy, and explain the differences between renewable and non-renewable sources of energy.   The Energy Literacy framework organized by the US Dept. of Energy is a valuable resource for educators and curriculum developers to tap for this and related standards. 

5.MEE Matter and Energy in Ecosystems
The flow of matter and energy in ecosystems is a natural next-step from the prior Energy standard.  Importantly, the carbon cycle and photosynthesis is introduced here at an appropriately elementary level.  Students are challenged to use models to convey how plants draw energy from the sun by combining air and water to grow.  While at this level it is premature to delve too deeply into the nuances of the carbon or other biogeochemical cycles, by mastering these concepts, students will be well prepared for more complex secondary science education. 

5.ESI Earth Systems and Their Interactions
Modeling is vital to Earth sciences including climate and global change.  Having students develop and recognize the limitations of, different types and value of models from early on is vital.  In this standard, students examine different components of the Earth's system, to describe weather and climate patterns, as well as investigate human impacts on the Earth's systems.  Without getting into the details of the greenhouse effect, the basics of how human activities are increasing Earth's temperatures, which can affect humans and other organisms, are introduced here.  We feel this is an appropriate grade level to introduce human-induced climate change, but obviously teachers will have to do so in a way that doesn't elicit controversy or debate.  Related solutions, such as energy audits or developing cost effective water filtration systems to reduce pollution are among the examples of projects that students can design and evaluate, providing them with a "can-do", proactive sense that there are solutions to problems that they themselves can understand and initiate. 

MS.LS-MEOE Matter and Energy in Organisms and Ecosystems
Delving more deeply into photosynthesis, the cycling of matter and flow of energy on Earth, students use models to explain energy and ecosystems, food webs, and examine evidence on how changes in an ecosystem may shift the population of species in ecosystems.  Additional clarification statements could improve the last two demonstration examples, revisiting elementary school explorations of how organisms can be affected by changes.  As the Climate Literacy concept 3C explains: changes in climate conditions can affect the health and function of ecosystems and the survival of entire species.  The distribution patters of fossils show evidence of gradual as well as abrupt extinctions related to climate change in the past." While previously touched on, this bears repeating and emphasizing. 

MS-LS-IRE Interdependent Relationships in Ecosystems
One of the weaker of the standards, the importance of biodiversity is unclear in the student demonstrations of understanding.  Clarifying statements should be included to help frame the student demonstrations of competencies since only one of them offers an example.  Without clear ways to bring this content alive, there is a danger middle schools students may struggle to see the relevance and importance of the content of this standard.

MS.ESS-HE History of Earth
While overall the geologic history of the Earth is beyond the scope of NCSE's focus, the important "take home" concept embedded in this standard is that students will examine evidence how past geologic events have caused major extinctions of life forms on Earth causing mass extinctions, which in turn led to other organisms to evolve and flourish.  Making the link between past mass extinctions and current climate and global change and extinctions should be handled with care but is appropriate at this level.

MS.ESS-ESP Earth's Surface Processes
Student developed models and investigations of hydrologic cycle dynamics on the Earth's surface, investigations of ocean circulation including salinity and temperature differences, and having students design engineered solutions to natural hazards will need to be more challenging than similar activities in elementary school and should be clearly bridged to other related Middle School standards. 

MS.ESS-WC Weather and Climate
Many key aspects of climate literacy are contained in this standard, including complex interactions of the climate system, the greenhouse gas effect (without getting into differing wavelengths, which are important and could be missed in High School), the carbon cycle throughout the Earth's system, and the use of maps and other visualizations to assess severe weather events and their potential impacts.
[bookmark: _GoBack]Demonstration g., which focuses on the use of argumentation to evaluated "the competing demands for various human uses of fresh water and biosphere resources" is potentially tricky, since it will (and is clearly intended) to encourage debate about the pros and cons of human impacts on water resources or related topics; certainly a worthy discussion, but with potential political and policy implications in a science classroom if not well facilitated.

MS.ESS-HI Human Impacts
Certain to be among one of the most "controversial" of the standards, this standard calls for students to model how human activities impact the Earth's systems, including climate, while also examining how population and rates of consumption factor into the equation.  Should Middle School students be exposed to such ideas?  Providing they are well facilitated and scaffolded, we feel they are, particularly since solutions are also included in the mix.  Having Middle School students "design engineering solutions for stabilizing changes to communities" is certainly ambitious, and having them use "empirical evidence to evaluate technologies that utilize renewable energy resources" may be deemed to "green" by some critics.  But in order for society and young people in particular to have the information needed to make informed choices and an adult conversation about climate and energy, it is important and appropriate that they be an integral part of science education.

MS.PS-CR Chemical Reactions
Key chemical reactions and processes, such as photosynthesis, and "closing the loop" on the carbon cycle (ideally including fossil fuels and their combustion) can be emphasized here. 

MS.PS-E Energy
Should obviously be linked and ideally integrated with related Engineering Design, Human Impacts and Climate Change standards. 

MS.ETS-ED Engineering Design
Emphasizing solving environmental problems, reducing the potential for negative consequences for society and the natural environment, testing solar hot water systems in different seasons, and testing models are all appropriate and important skills for students to master.  

MS.ETS-ETSS Links Among Engineering, Technology, Science and Society
The first of the standards to exploring connections between technical realms and society, this standard is particularly strong and practical. 

HS.LS-MEOE Matter and Energy in Organisms and Ecosystems
Building on prior standards relating to photosynthesis and the carbon cycle, the chemical processes are explored and modeled by students, linking to the flow of matter and energy through different components of the Earth system.  The classic study of student misconceptions about key science concepts,  "A Private Universe," which was conducted with Harvard graduates in the late 1980s, demonstrated how the basics of the carbon cycle and photosynthesis did not "stick" even to Harvard graduates; this standard should help remedy that.  

HS.LS-IRE Interdependent Relationships in Ecosystems
Here students examine the carrying capacity of ecosystems. Students are asked to "use evidence to construct explanations and design solutions for the impact of human activities on the environment," which challenges the learners to apply what they are learning to real-world applications.  While good teachers may use this approach as a "problem-based" learning activity, many teachers and their students will need to be guided on how to achieve the outcomes of this standard. 

HS.LS-NSE Natural Selection and Evolution
While human evolution isn't explicitly called out in this standard, investigating why Neanderthals went extinct toward the end of the last Ice Age and Homo sapiens went on to thrive, could serve as a way to link in modern day issues relating to adaptation to climate change and altered environment.  

HS.ESS-ES Earth's Systems
Focusing primarily on geologic processes, this standard also touches on geographic and atmospheric dynamics on weather and climate.  Item "e" focuses on feedbacks, and certainly climate feedbacks, such as changes of albedo in Polar Regions or non-linear dynamics of melting ice-sheets, should be added as clarifying examples, thereby connecting with the next standard. 

HS.ESS-CC Climate Change
This is from our point of view one of the most important standards of all, representing current scientific understanding of the climate system and how human activities are affecting it.  The culmination of about a decade of prior learning, this standard drills more deeply into changes in climate in general and "how humans may predict and modify their impacts on future global climate systems" in particular.  The important and usually overlooked physics of the greenhouse effect-- short wave incoming and long wave outgoing infrared, are covered here.  Asking high school students to critically read scientific literature about causes of climate change over log 10 time scales is a terrific idea, but few resources other than the decade old NOAA Climate TimeLine use the "powers of ten" to examine different climate processes.   Ideally, high quality, interactive learning activities that guide students through the challenging, crosscutting, trans-disciplinary science will be available for this and other standards; few such activities currently exist. 

HS.ESS-HS Human Sustainability
This standard is complementary to and equally important to the previous standard on climate change.   In examining human history and how societies have been influenced by natural resource availability, natural hazards and other risks, this standard likewise builds on prior standards relating to the impacts of human activities, asking students to "assess the global sustainability of human society" and "mitigate local or global environmental impacts."  This standard is undergraduate-level in terms of where it might currently be taught today, but students who benefit from the prior standards should be able to successfully tackle the challenging content here.  Strongly relates with HS-ETS-ETTS Links Among Engineering, Technology, Science, and Society.

HS.PS-E Energy
This standard delves more deeply into they physics and chemistry, including biochemistry, of energy.  Normally, the bulk of the science here would be covered in a senior Physics course, which many students won't take even if they are going to college. We don't recommend that this be offered as an alternative to Earth and Space Science or Life Science, but rather that the elements of this standard be integrated into other courses. 

HS.PS-ER Electromagnetic Radiation
Another standard that would most likely covered in a physics course, this standard includes an examination of different wavelengths of the electromagnetic spectrum. It is important that the visual wavelengths, the primary portion of the Sun's irradiance, is included in the Assessment Boundary since currently only IR, UV and gamma radiation are included.  An investigation into photovoltaic materials also links naturally to prior climate change and sustainability standards and the following two ETS standards. 

HS.ETS-ED Engineering Design
Examining the "scope and impacts of a major global problem on local communities," analyzing data of human-built systems, such as the schools heating and cooling system, then planning, designing, implementing and refining solutions to the problems identified are among the goals of this standard.  Such "problem-based/project-based" learning is challenging for educators to facilitate and students to work on, but when successful, they are transformative.  One of the strengths of this and related standards is the "real-world" context that provides students with skills and inspiration that may lead to careers or academic paths.  A key challenge, once such "solutions" are developed is to have students who follow be able to build on the foundation and work of previous students, rather than totally starting from scratch.  While in some instances that may not be practical or appropriate, in other cases, adding value to existing projects and "solutions" may help build a culture of sustainability and creativity within the school. 

HS.ETS-ETSS Links Among Engineering, Technology, Science and Society
Related to and enriching all of these High School standards, HS-ETS-ETSS has students further investigate technological improvements through scientific study, examining and analyzing evidence, and constructing or critiquing arguments about "environmental impacts, costs, risks, and benefits, and what may need to be done to reduce unanticipated negative effects."  As with all of these standards that relate to climate and global change, finding ways to engage students without overwhelming them with the "gloom and doom" will require prepared teachers, appropriate resources (both financial and pedagogical), and students open and willing to learn.  
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