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The Science Standards of Learning provide a focused treatment of key physical, biological, and planetary science concepts from kindergarten through the high-school grades.  These concepts build sequentially and create a comprehensive foundation for the post-secondary world students will enter upon graduation.

Understanding sustainability requires the application of many facets of science, including a) energy, b) natural resources, c) ecological and physical science principles, d) time, and e) management. All of this must be further integrated with an understanding of complex systems interactions.  For this reason, virtually every standard in the Science Standards of Learning document has some direct or indirect connection to sustainability.  Sustainability also has social and economic dimensions, and certain science standards incorporate these ideas where they are key to the application of the standard (e.g., 6.9).  These dimensions generally focus on the areas of a) management and b) economics. 

Program Goals Six, Eight, and Nine of the science standards, stated in the preliminary pages of science document, clearly expresses the application of science learning, the social and economic dimensions related to sustainability, the emphasis on interrelationships among the technical disciplines, and a focus on how this applies to careers.

	The purposes of scientific investigation and discovery are to satisfy humankind’s quest for knowledge and understanding and to preserve and enhance the quality of the human experience. Therefore, as a result of science instruction, students will be able to achieve the following objectives:

6.	Make informed decisions regarding contemporary issues, taking into account the following:
public policy and legislation;
economic costs/benefits;
validation from scientific data and the use of scientific reasoning and logic;
respect for living things;
personal responsibility; and
history of scientific discovery.

8.	Develop an understanding of the interrelationship of science with technology, engineering and mathematics.
9. 	Explore science-related careers and interests.



Sustainability Standards K-12
The particular science standards that are organized in the following charts are directly related to learning about sustainability.  Bolded text indicates the particular part of the standard most pertinent to the concept of sustainability, though the entire standard is necessary for contextual understanding.  To see the complete science standards document, please go to: http://www.doe.virginia.gov/testing/sol/standards_docs/science/index.shtml. 
	Elementary School Standards (K-5)

	Energy
	Water
	Air
	Living Resources
	Mineral Resources
	Ecological Principles
	Physical
Principles
	Management

	Kindergarten
	K.11	The student will investigate and understand that materials can be reused, recycled, and conserved. Key concepts include
a)	materials and objects can be used over and over again;
b)	everyday materials can be recycled; and
c)	water and energy conservation at home and in school helps ensure resources are available for future use.


	Grade One
	1.8	The student will investigate and understand that natural resources are limited. Key concepts include
a)	identification of natural resources;
b)	factors that affect air and water quality; and
c)	recycling, reusing, and reducing consumption of natural resources.


	Grade Two
	2.5   The student will investigate and understand that living things are part of a system. Key concepts include
a)	living organisms are interdependent with their living and nonliving surroundings;
b)	an animal’s habitat includes adequate food, water, shelter or cover, and space;
c)	habitats change over time due to many influences; and
d)	fossils provide information about living systems that were on Earth years ago.


	
	2.8	The student will investigate and understand that plants produce oxygen and food, are a source of useful products, and provide benefits in nature. Key concepts include
a)	important plant products are identified and classified;
b)	the availability of plant products affects the development of a geographic area;
c)	plants provide oxygen, homes, and food for many animals; and
d)	plants can help reduce erosion.


	Grade Three





	3.6	The student will investigate and understand that ecosystems support a diversity of plants and animals that share limited resources. Key concepts include
a)	aquatic ecosystems;
b)	terrestrial ecosystems;
c)	populations and communities; and
d)	the human role in conserving limited resources.


	
	3.9	The student will investigate and understand the water cycle and its relationship to life on Earth. Key concepts include
a)	there are many sources of water on Earth;
b)	the energy from the sun drives the water cycle;
c)	the water cycle involves several processes;
d)	water is essential for living things; and
e)	water on Earth is limited and needs to be conserved.

	
	3.10	The student will investigate and understand that natural events and human influences can affect the survival of species. Key concepts include
a)	the interdependency of plants and animals;
b)	the effects of human activity on the quality of air, water, and habitat;
c)	the effects of fire, flood, disease, and erosion on organisms; and
d)	conservation and resource renewal.


	
	3.11	The student will investigate and understand different sources of energy. Key concepts include
a)	energy from the sun;
b)	sources of renewable energy; and
c)	sources of nonrenewable energy.


	Grade Four


	4.5	The student will investigate and understand how plants and animals, including humans, in an ecosystem interact with one another and with the nonliving components in the ecosystem. Key concepts include
a)	plant and animal adaptations;
b)	organization of populations, communities, and ecosystems and how they interrelate;
c)	flow of energy through food webs;
d)	habitats and niches;
e)	changes in an organism’s niche at various stages in its life cycle; and
f)	influences of human activity on ecosystems.


	
	4.9	The student will investigate and understand important Virginia natural resources. Key concepts include
a)	watersheds and water resources;
b)	animals and plants;
c)	minerals, rocks, ores, and energy sources; and
d)	forests, soil, and land.

	Grade Five

	5.6	The student will investigate and understand characteristics of the ocean environment. Key concepts include
a)	geological characteristics;
b)	physical characteristics; and
c)	ecological characteristics.


	
	5.7	The student will investigate and understand how Earth’s surface is constantly changing. Key concepts include
a)	identification of rock types;
b)	the rock cycle and how transformations between rocks occur;
c)	Earth history and fossil evidence;
d)	the basic structure of Earth’s interior;
e)	changes in Earth’s crust due to plate tectonics;
f)	weathering, erosion, and deposition; and
g)	human impact.
































	Middle School Standards (6-8)

	Energy
	Water
	Air
	Living Resources
	Mineral Resources
	Ecological Principles
	Physical
Principles
	Management

	Grade Six

	6.2	The student will investigate and understand basic sources of energy, their origins, transformations, and uses. Key concepts include
a) potential and kinetic energy;
b) the role of the sun in the formation of most energy sources on Earth;
c) nonrenewable energy sources;
d) renewable energy sources; and	
e) energy transformations.


	
	6.5	The student will investigate and understand the unique properties and characteristics of water and its roles in the natural and human-made environment. Key concepts include
a) the action of water in physical and chemical weathering;
b) the ability of large bodies of water to store thermal energy and moderate climate;
c) the importance of water for agriculture, power generation, and public health; and
d) the importance of protecting and maintaining water resources.	


	
	6.6	The student will investigate and understand the properties of air and the structure and dynamics of Earth’s atmosphere. Key concepts include
a) air as a mixture of gaseous elements and compounds;
b) pressure, temperature, and humidity;
c) atmospheric changes with altitude;
d) natural and human-caused changes to the atmosphere and the importance of protecting and maintaining air quality;
e) the relationship of atmospheric measures and weather conditions; and
f) basic information from weather maps, including fronts, systems, and basic measurements.


	
	6.7	The student will investigate and understand the natural processes and human interactions that affect watershed systems. Key concepts include
a) the health of ecosystems and the abiotic factors of a watershed;
b) the location and structure of Virginia’s regional watershed systems;
c) divides, tributaries, river systems, and river and stream processes;
d) wetlands;
e) estuaries;
f) major conservation, health, and safety issues associated with watersheds; and
g) water monitoring and analysis using field equipment including hand-held technology.


	
	6.9	The student will investigate and understand public policy decisions relating to the environment. Key concepts include
a) management of renewable resources;
b) management of nonrenewable resources;
c) the mitigation of land-use and environmental hazards through preventive measures; and
d) cost/benefit tradeoffs in conservation policies.


	Life Science


	LS.10	The student will investigate and understand that ecosystems, communities, populations, and organisms are dynamic, change over time, and respond to daily, seasonal, and long-term changes in their environment. Key concepts include 
a) phototropism, hibernation, and dormancy;
b) factors that increase or decrease population size; and
c) eutrophication, climate changes, and catastrophic disturbances.


	
	LS.11	The student will investigate and understand the relationships between ecosystem dynamics and human activity. Key concepts include
a) food production and harvest;
b) change in habitat size, quality, or structure;
c) change in species competition;
d) population disturbances and factors that threaten or enhance species survival; and 
e) environmental issues.


	Physical Science



	PS.6	The student will investigate and understand forms of energy and how energy is 	transferred and transformed. Key concepts include
a) potential and kinetic energy; and
b) mechanical, chemical, electrical, thermal, radiant, and nuclear energy. 


	
	PS.7	The student will investigate and understand temperature scales, heat, and thermal energy transfer.  Key concepts include
a) Celsius and Kelvin temperature scales and absolute zero;
b) phase change, freezing point, melting point, boiling point, vaporization, and condensation;
c) conduction, convection, and radiation; and
d) applications of thermal energy transfer.


	
	PS.11   The student will investigate and understand basic principles of electricity and magnetism. Key concepts include
a) static electricity, current electricity, and circuits; 
b) relationship between a magnetic field and an electric current; 
c) electromagnets, motors, and generators and their uses; and
d) conductors, semiconductors, and insulators.






	High School Standards (9-12)

	Energy
	Water
	Air
	Living Resources
	Mineral Resources
	Ecological Principles
	Physical
Principles
	Management

	Earth Science

	ES.6	The student will investigate and understand the differences between renewable and nonrenewable resources. Key concepts include
a) fossil fuels, minerals, rocks, water, and vegetation;
b) advantages and disadvantages of various energy sources;
c) resources found in Virginia; and 
d) environmental costs and benefits.


	
	ES.8	The student will investigate and understand how freshwater resources are influenced by geologic processes and the activities of humans. Key concepts include
a) processes of soil development;
b) development of karst topography;
c) relationships between groundwater zones, including saturated and unsaturated zones, and the water table;
d) identification of sources of fresh water including rivers, springs, and aquifers, with reference to the hydrologic cycle;
e) dependence on freshwater resources and the effects of human usage on water quality; and
f) identification of the major watershed systems in Virginia, including the Chesapeake Bay and its tributaries.


	
	ES.10	The student will investigate and understand that oceans are complex, interactive physical, chemical, and biological systems and are subject to long- and short-term variations. Key concepts include
a) physical and chemical changes related to tides, waves, currents, sea level and ice cap variations, upwelling, and salinity variations;	
b) importance of environmental and geologic implications;
c) systems interactions;
d) features of the sea floor as reflections of tectonic processes; and 
e) economic and public policy issues concerning the oceans and the coastal zone including the Chesapeake Bay.


	
	ES.11	The student will investigate and understand the origin and evolution of the atmosphere and the interrelationship of geologic processes, biologic processes, and human activities on its composition and dynamics. Key concepts include
a) scientific evidence for atmospheric composition changes over geologic time;
b) current theories related to the effects of early life on the chemical makeup of the atmosphere;
c) atmospheric regulation mechanisms including the effects of density differences and energy transfer; and
d) potential changes to the atmosphere and climate due to human, biologic, and geologic activity.

	Biology

	BIO.8	The student will investigate and understand dynamic equilibria within populations, communities, and ecosystems. Key concepts include
a) interactions within and among populations including carrying capacities, limiting factors, and growth curves;
b) nutrient cycling with energy flow through ecosystems;
c) succession patterns in ecosystems;
d) the effects of natural events and human activities on ecosystems; and 
e) analysis of the flora, fauna, and microorganisms of Virginia ecosystems. 


	Physics
	PH.4	The student will investigate and understand how applications of physics affect the world. Key concepts include
a) examples from the real world; and
b) exploration of the roles and contributions of science and technology.


	
	PH.7	The student will investigate and understand that energy can be transferred and transformed to provide usable work. Key concepts include
a) transfer and storage of energy among systems including mechanical, thermal, gravitational, electromagnetic, chemical, and nuclear systems; and
b) efficiency of systems.




	Please note, other key K-12 discipline areas contribute to the broad preparation for understanding sustainability, preparing students for adult citizenship, and building college and career readiness. Though beyond the scope of this brief, it is important to mention that numerous courses in Career and Technical Education and Virginia’s History and Social Science, Fine Arts, and Health Standards of Learning define competencies and learning goals related to sustainability and preparing student for post-secondary education and the world of work. 






