This document is the compilation of feedback collected for the Climate Literacy Network’s feedback on the Next Generation Science Standards May 2012 public draft. The text for the extended response begins on page 8.
___________________________________________________________

MS.ESS-HI Human Impacts
e. CLEAR? # 6

IN BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
e.
Use empirical evidence to evaluate technologies that utilize renewable and non-renewable energy resources. [Assessment Boundary: Students will evaluate these technologies based on their cost, benefit, efficiency, sustainability, and environmental impacts.]
-----------------------------------------------------------------------

HS.LS 
HS.LS-MEOE. f:         CLEAR? # 6
IN BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
Add to "communicate" to "give evidence from the geologic record that life has significantly altered the atmosphere during Earth's history."
HS.LS-IRE Interdependent Relationships in Ecosystems   
a.  CLEAR? # 6

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
a.
Evaluate data to explain resource availability and other environmental and human factors that affect carrying capacity of ecosystems. [Clarification Statement: The explanation could be based on computational or mathematical models. Environmental factors should include availability of living and nonliving resources and from challenges (e.g., predation, competition, disease, weather events, sea level rise, salinity increase, etc.). Human factors could include values, attitudes, beliefs, and emotional/psychological needs and desires that allow/encourage behaviors that are detrimental to the environment like driving a car rather than using alternative transportation.]
b. CLEAR? # 5

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
b. Design solutions for creating or maintaining the sustainability of local ecosystems. 
Needs a Clarification Statement and Assessment Boundaries or other amplification to more closely link this broad expectation to the Framework statement LS.4.D.

c. CLEAR? # 4

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
c. Construct and use a model to communicate how complex sets of interactions in ecosystems maintain relatively consistent numbers and types of organisms for long periods of time when conditions are stable.

CONCERN: Both c. and d. assume stability or modest disturbances that allow for a relatively rapid (years or decades) return to equilibrium. 
One of these needs to be revised to address extreme fluctuations – See Framework LS2.C: Ecosystem Dynamics, Functioning, and Resilience
d.  CLEAR? # 4

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
	d.
	Construct arguments from evidence about the effects of natural biological or physical disturbances in terms of the time needed to reestablish a stable ecosystem and how the new system differs from the original system. [Clarification Statement: Computational models could be used to support collect evidence to support the argument.] 

CONCERN: Both c. and d. assume stability or modest disturbances that allow for a relatively rapid (years or decades) return to equilibrium. 
One of these needs to be revised to address an extreme fluctuations – See Framework LS2.C: Ecosystem Dynamics, Functioning, and Resilience
e.  CLEAR? # 6

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:


	e.
	Use evidence to construct explanations and design solutions for the impact of human activities on the environment and ways to sustain biodiversity and maintain the planet’s natural capital. [Clarification Statement: Explanations and solutions should include anthropogenic changes (e.g., habitat destruction, pollution, introduction of invasive species, overexploitation, ocean acidification, climate change) and the complex set of interactions and extreme fluctuations anthropogenic changes can cause.]




Reason for additions: See Framework LS2.C: Ecosystem Dynamics, Functioning, and Resilience 

This standard should also explicitly include Crosscutting Concept 4: Systems and system models. Connections could be made to all or most of the PEs within the standard, but are less direct for e. and f.
---------------------------------------------

HS.ESS
HS.ESS-HE History of Earth  
d. CLEAR? # 6

IN BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
d.
Construct scientific arguments to support the claim that dynamic causes, effects, and feedbacks among Earth’s systems result in a continual coevolution of Earth and the life that exists on it. [Clarification Statement: Students examine examples of feedbacks between Earth’s different systems in order to understand how life has co-evolved with Earth’s surface. For example, the atmosphere and biosphere affect the conditions for life, which in turn affects the composition of the atmosphere, which in turn affects the ability of humans to continue living on Earth.]

HS.ESS-CC
Climate Change

e. . CLEAR? # 6

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
e. Use global climate models in combination with other geologic data and human-controlled behavior (e.g. energy, food, forestry, land, water, building, and transportation use and management data) to predict and explain how human activities and natural phenomena affect climate, providing the scientific basis for planning for humanity's future needs. [Clarification Statement: For example, use global climate models together with topographic maps to investigate effects of sea level change or combine global climate models with precipitation maps to investigate locations where new water supplies will be needed.]

Justification
The addition supports the Science and Engineering Practices, the Crosscutting Concepts, and specifically the Core Idea below by including the impacts and effects of human activities on climate change – both current impacts and possibilities for change.

SEE FRAMEWORK ESS3.D: Global Climate Change 
· Though the magnitudes of human impacts are greater than they have ever been, so too are human abilities to model, predict, and manage current and future impacts. (g) 
· Thus science and engineering will be essential both to understanding the possible impacts of global climate change and to informing decisions about how to slow its rate and consequences–for humanity as well as for the rest of the planet. (g) 
HS.ESS-CC
Climate Change

f.  CLEAR? # 5
BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
f. Apply scientific knowledge to investigate how humans may predict and modify their impacts on future global climate systems (e.g., investigating the feasibility of geoengineering design solutions, energy and resource conservation and efficient use, and personal consumption and behavior choices to global temperature changes). [Clarification Statement: Just as the phenomenon of Climate Change is complex with many interlocking elements, modification of impacts will require a combination of strategies.]
Justification
 Supports the same Practices and Crosscutting Concepts above and also the Core Idea as follows:

See Framework ESS3.D: Global Climate Change 
Current models predict that, although future regional climate changes will be complex and varied, average global temperatures will continue to rise. The outcomes predicted by global climate models strongly depend on the amounts of human-generated greenhouse gases added to the atmosphere each year and by the ways in which these gases are absorbed by the ocean and biosphere. Hence the outcomes depend on human behaviors (link to ESS3.D) as well as on natural factors that involve complex feedbacks among Earth’s systems (link to ESS3.A). (f) 

 HS. ESS-HS Human Sustainability
c.  CLEAR? # 6

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
c. Construct scientific claims for how increases in the value of water, tillable land, mineral, and fossil fuel resources due to increases in population and rates of consumption have sometimes led to the development of new technologies to retrieve resources previously thought to be economically or technologically unattainable. 
Reason for addition: to more accurately reflect Framework ESS3.A: Natural Resources 

___________________________________________________________________

HS.ETS

HS.ETS-ED Engineering Design
c & f.
c.  CLEAR? # 6

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
c.
Evaluate different solutions to a problem by identifying criteria (e.g., cost, safety, reliability, energy efficiency, renewability, sustainability, and aesthetics) and possible impacts on society and the natural environment, and using a trade-off matrix or numerical weighting system to choose the best solution. [Clarification Statement: Example problems for which multiple solutions can be proposed and evaluated include de-icing a parking lot; increasing yield of a garden or farm; or mining a natural resource with minimal environmental damage.]
Justification

Proposed changes support Science and Engineering Practices, Crosscutting Concepts and Core Ideas, specifically:

Framework ETS1.A: Defining and Delimiting an Engineering Problem 
· Humanity faces major global challenges today, such as the need for supplies of clean water and food or for energy sources that minimize pollution, which can be addressed through engineering. These global challenges may also have manifestations in local communities. But, whatever the scale, the first things that engineers do is define the problem and specify the criteria and constraints for potential solutions. (a) 
f.  CLEAR? # 6

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
f.
Refine a solution by prioritizing criteria and taking into account the life cycle of a given product or technological system and factors such as safety, reliability, renewability, sustainability, and aesthetics to achieve an optimal solution. [Clarification Statement: For example, choose the best possible heat pump technology for a campus building; determine the optimum method for extracting oil and natural gas; or best method for treating soil prior to planting crops.]

Justification

Proposed changes support Science and Engineering Practices, Crosscutting Concepts and Core Ideas, specifically:

Framework ETS1.A: Defining and Delimiting an Engineering Problem 
· Humanity faces major global challenges today, such as the need for supplies of clean water and food or for energy sources that minimize pollution, which can be addressed through engineering. These global challenges may also have manifestations in local communities. But, whatever the scale, the first things that engineers do is define the problem and specify the criteria and constraints for potential solutions. (a) 
___________________________________________________________________
HS-ETS-ETSS Links among Engineering, Technology, Science, and Society
b & c
b.  CLEAR? # 6

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
b.
Gather evidence to evaluate different explanations for the widespread adoption of a modern technology, including the role of societal demands; human values, attitudes, beliefs, and emotional/psychological needs; market forces; evaluations by scientists and engineers; and possible government regulation. [Clarification Statement: For example, students evaluate explanations for the rapid spread of cell phones, LED lighting, or genetically engineered crops for farming.]  
Justification

b. Suggested changes support Science and Engineering Practices, Crosscutting Concepts, and specifically the Core Idea below.  We have centuries of observable evidence that human beings are not logical and do not act based on facts alone.  By incorporating the findings of social science into this section (b), it is possible that the design and engineering of technological innovations will be more useful, more readily and easily adopted, purchased, and used, and thus ultimately more effective, successful, and sustainable (environmentally, economically, and socially).

Suggested changes above also help to make the science and technology curriculum more “sticky” and open for other disciplines in the arts (dance, theatre, film/video, visual arts, puppetry, media arts, etc.) and humanities (history, philosophy, literature, religion, anthropology, area studies, communication studies, cultural studies, law and linguistics) to collaborate with in interdisciplinary studies that 1) can help to better communicate and make more meaningful the science and technology to a wider, broader, audience; 2) reach students who might otherwise not be interested in learning the science and technology; 3) affect and involve a larger number of students who, as youth and adults, might be more inspired to go on to science and technology careers – and consider making more sustainable choices.
Framework ETS2.B: Interactions of Engineering, Technology, Science, Society, and the Natural Environment 

 HYPERLINK "http://www.nap.edu/openbook.php?record_id=13165&page=212" 
Modern civilization depends on major technological systems, including those related to agriculture, health, water, energy, transportation, manufacturing, construction, and communications. (d)

Engineers continuously modify these technological systems by applying scientific and engineering knowledge and practices to increase benefits while decreasing costs and risks. (d)

Widespread adoption of technological innovations often depends on market forces or other societal demands, but it may also be subject to evaluation by scientists and engineers and to eventual government regulation. (b)

New technologies can have deep impacts on society and the environment, including some that were not anticipated or that may build up over time to a level that requires attention or mitigation. (c)

Analysis of costs, environmental impacts, risks and benefits, are critical aspects of decisions about technology use. (c)  
c.   CLEAR? # 6

BOX AT BOTTOM: RECOMMENDATION FOR IMPROVING THIS STANDARD:
c.
Analyze data to compare different technologies designed to accomplish the same function regarding their relative environmental and human health and societal impacts, costs, risks, and benefits, and what might need to be done to reduce unanticipated negative effects. [Clarification Statement: Comparisons include paper vs. electronic books, nuclear vs. coal-fired power plants.][Assessment Boundary: Analysis limited to data available online or provided to students.]

Justification

c.  Suggested change supports Science and Engineering Practices, Crosscutting Concepts, and specifically the Core Idea below.  Many people in the US quite frankly don’t care much about environmental impacts caused by climate change, human impacts, etc., but they do care what happens to them and their families, friends, relatives, and colleagues. By including human health and societal impacts, it is possible to help people to better understand how they would be affected, and then (hopefully) how their personal behavior choices can help to mitigate or adapt to climate change and enhance sustainability and resiliency.

Suggested changes above also help to make the science and technology curriculum more “sticky” and open for other disciplines in the arts (dance, theatre, film/video, visual arts, puppetry, media arts, etc.) and humanities (history, philosophy, literature, religion, anthropology, area studies, communication studies, cultural studies, law and linguistics) to collaborate with in interdisciplinary studies that 1) can help to better communicate and make more meaningful the science and technology to a wider, broader, audience; 2) reach students who might otherwise not be interested in learning the science and technology; 3) affect and involve a larger number of students who, as youth and adults, might be more inspired to go on to science and technology careers – and consider making more sustainable choices.
Framework ETS2.B: Interactions of Engineering, Technology, Science, Society, and the Natural Environment 

 HYPERLINK "http://www.nap.edu/openbook.php?record_id=13165&page=212" 
Modern civilization depends on major technological systems, including those related to agriculture, health, water, energy, transportation, manufacturing, construction, and communications. (d)

Engineers continuously modify these technological systems by applying scientific and engineering knowledge and practices to increase benefits while decreasing costs and risks. (d)

Widespread adoption of technological innovations often depends on market forces or other societal demands, but it may also be subject to evaluation by scientists and engineers and to eventual government regulation. (b)

New technologies can have deep impacts on society and the environment, including some that were not anticipated or that may build up over time to a level that requires attention or mitigation. (c)

Analysis of costs, environmental impacts, risks and benefits, are critical aspects of decisions about technology use. (c)  
--------------------------------------------------------------------

For Extended Response: 

The Climate Literacy Network (CLN) has evaluated The Next Generation Science Standards and we are very pleased with the work done thus far. Here we offer a brief overview of our discussions and focus on broad issues of NGSS architecture and conceptual content. In addition to this overview, we have used the survey to provide feedback on some of the Performance Expectations that we have identified as the most important for our feedback. These Performance Expectations were chosen to focus our collective attention on areas of most import to the Climate Literacy Network, though we recognize (happily) that climate appears or is relevant to PEs outside of the identified set.

While complex, the architecture of the online presentation clearly allows users to see how each Performance Expectation attends to each of NGSS’s three dimensions. We recognize too that the NGSS document is complex because the task of defining of K-12 science education is necessarily complex.

The May draft of The Next Generation Science Standards reflects the Climate Literacy Network’s shared understanding that climate and climate change can only be deeply understood from a systems perspective. The May draft has important aspects of climate infused throughout the document – at every grade level, and in all of the Core Disciplines.  We strongly support that approach. We appreciate too that building understanding of Core Ideas, Science and Engineering Practices, and Crosscutting Concepts is a process that takes years of thoughtfully connected experiences, and we believe that NGSS provides a very good framework to guide the development of curriculum materials and instruction toward that end.

The Earth and Space Sciences Performance Expectations are especially attentive to both the systems approach and to the role of humans in the environment. This draft would be improved by bringing more attention to both of these factors in the Life Sciences PEs. It is interesting to note that at the level of the PE titles (or topic names), humans and human impacts are clearly evident in Earth and Space Sciences (MS-ESS-HI; HS-ESS-HS; and HS-ESS-CC), but not directly evident in the Life Sciences at this level. Humans are not only changing the climate but also bringing change to living systems in myriad ways. This should be reflected more conspicuously in the Life Science PEs generally. 

In terms of conceptual content, wherever possible and appropriate, it would be beneficial to have the words “including humans” following the words “animals” or “organisms”, or the words “and humans” added where appropriate at the level of PE titles. This recommendation is, again, in light of a systems approach. So often students study science and engineering as if they were topic areas neither affecting nor affected by human beings, totally separate from (and therefore not important to) their daily lives. By adding “humans” into the wording of the performance expectations, both teachers and students will gain a better understanding of how science and technology are relevant and meaningful to them personally, how humans (and they) are part of Earth’s ecosystems, the Earth and Physical Sciences, as well as Engineering, Technology, and the Application of Science.  

Lastly, by including “humans” more comprehensively in the language of NGSS, it opens more clear avenues of connection to the social sciences and humanities. Through these types of interdisciplinary collaborations, teachers can 1) reach students who might otherwise not be interested in learning the science and technology in and of themselves; 2) help to better communicate science and technology and make them more personally meaningful to students; 3) affect and involve a larger number of students who, as youth and adults, might be drawn in and be motivated to go on to science and technology careers; and 4)  inspire students to make more sustainable choices personally as they understand how humans (and they) are integral and important parts of larger systems affecting their own health and that of the Earth.

The inclusion of engineering and technology in the frameworks and resulting standards are also strong positives and provide another avenue for connections to other disciplines, again reflecting a systems perspective. We also strongly support the format elements near the bottom of each page. Showing the connections to other disciplinary content standards and to the ELA and Mathematics Common Core standards will enable curriculum developers, professional development specialists, and teachers to approach teaching in a more integrated way. Of course, Common Core standards for the Social Studies do not yet exist. Nevertheless, we encourage you (if you have not already) to think about and save a place for adding Social Studies connections as soon as possible. This is critically important if we are to address in substantive, interdisciplinary ways expectations such as HS.LS-IRE e or HS.ETS-ETSS b.  
Many CLN members are providing individual feedback addressing issues of wording of specific performance expectations, the inclusion of links between standards, and other kinds of 
