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	A. Unifying Themes:  Students apply the principles of systems, models, constancy and change, and scale in science technology.

A1.  Systems

Students describe and apply principles of systems in man-made things, natural things, and processes

a. Recognize how individual parts working together in a system (including organism, Earth systems, solar system, or man-made structures) can do more than each part individually
b. Recognize how the output of one part of a system, including waste products from manufacturing of organisms, can become the input of 

another part of a system 

c. Understand that systems are nested and that systems may be thought of as containing subsystems (as well as being a subsystem of a larger system) 

A2.  Models  

Students use models to examine a variety of real-world phenomena from the physical setting, the living environment and the technological world and compare advantages and disadvantages of various models
a. Recognize different types of models that can be used to represent the same thing (including models of chemical reactions, motion, or cells) in order to match the purpose and complexity of a model to its use
b. Make predictions about changes to models
A3.  Constancy and Change

Students describe how patterns of change vary in physical, biological, and technological systems
a. Understand that systems are changing including ecosystems, Earth systems, and technologies 

b. Recognize that systems including ecosystems, Earth systems, and technologies appear to be unchanging (even though things may be changing within the system)  
c. Understand that rates of change and cyclic patterns can be described  using appropriate grade-level mathematics

A4.  Scale

Students use scale to describe objects, phenomena, or processes related to Earth, space, matter, and mechanical and living systems
a. Recognize how some things change or work differently at different scales

b. Recognize that proportions, averages and ranges can be used to describe small and large extremes of scale



	B. The Skills and Traits of Scientific Inquiry and Technological Design:  Students plan, conduct, analyze data from and communicate results of in-depth scientific investigations; and they use a systematic process, tools, equipment, and a variety of materials to create a technological design and produce a solution or product to meet specified need.

B1.  Skills and Traits of Scientific Inquiry
Students plan, conduct, analyze data from, and communicate results of investigations, including simple experiments

a. Recognize how questions can be answered through scientific investigations

b. As part of a guided activity, safely conduct scientific investigations including experiments with controlled variables

c. Use appropriate tools, metric units and techniques to gather and make observations about data

d. Use mathematics to ask questions; gather, and organize data; 

e. Use logic, critical reasoning, and evidence to develop predictions and models
f. Communicate and critique their own scientific work
B2.  Skills and Traits of Technological Design

Students use a systematic process, tools, equipment, and a variety of materials to design and produce a solution or product to meet a specified need, using established criteria
a. Discuss the characteristics that make a problem appropriate for technological design

b. Understand the qualities of a viable solution or product

c. Propose a design using drawings 
d. Recognize a design that addresses a specific need  
e. Make observations about a completed design or product

f. Recognize how to improve upon designs 

g. Recognize the stages of the design process (problem identification, solution design, implementation, and evaluation)



	C. The Scientific and Technological Enterprise:  Students understand the history and nature of scientific knowledge and technology, the process of inquiry and technological design, and the impacts science and technology have on society and the environment.

C1. Understandings  of Inquiry
Students describe how scientists use varied and systematic approaches to investigations that may lead to further investigations

a. Recognize how the type of question informs the type of investigation


b. Recognize why it is important to identify and control variables, and replicate trials in experiments 

c. Recognize how scientists’ analyses of findings can lead to new investigations

C2.  Understandings about science and technology

Students understand and compare the similarities and differences between scientific inquiry and technological design

a. Understand the processes of scientific inquiry and technological design

b. Recognize how constraints and consequences impact scientific inquiry and technological design
C3.  Science, Technology and Society

Students identify and describe the role of science and technology in addressing personal and societal challenges  
a. Recognize that science and technology can help address societal challenges including population, natural hazards, sustainability, personal health and safety, and environmental quality

b. Understand that personal choices can either positively or negatively impact society in such areas as population, ecosystem sustainability, personal health, and environmental quality

c. Recognize that the development and use of science and technology is influenced by various factors
C4. History and Nature of Science

Students describe historical examples that illustrate how science advances knowledge through the scientists involved and through the ways scientists think about their work and the work of others

a. Recognize that women and men of various backgrounds, working in teams or alone but communicating extensively with others, engage in science, engineering and related fields

b. Recognize that breakthroughs from the history of science have contributed to our current understanding of science

c. Recognize that science is a human endeavor that generates explanations based on verifiable evidence and how it is subject to change when new evidence does not match existing explanations


	D. The Physical Setting:  Students understand the universal nature of matter, energy, force, and motion and identify how these relationships are exhibited in Earth Systems, in the solar system, and throughout the universe.

D1. Universe and Solar System

Students explain the movements and describe the location, composition, and characteristics of our solar system and universe, including planets, the sun, and galaxies
a. Describe the different kinds of objects in the solar system including planets, sun, moons, asteroids, and comets
b. Explain the motions that cause days, years, the phases of the moon and eclipses 
c. Describe the location of our solar system in its galaxy and explain that other galaxies exist and that they include stars and planets 

d. Recognize that other galaxies exist and that they include stars and planets

e. Recognize the role of gravity

f. Understand the concepts of revolution and rotation
g. Understand the relative size of and distance between planets
h. Recognize the unique properties of Earth as a planet
i. Identify the relationship of the Earth’s tilt and the seasons
j. Understand the cause of tides
k. Understand the history and technology of space exploration
* Bold letters above represent State standards.  The others are MIE standards.
D2. Earth

Students describe the various cycles, physical and biological forces and processes, position in space, energy transformations,  and human actions that affect the short-term and long-term changes to the Earth

a. Explain how the tilt of Earth’s rotational axis relative to the plane of its yearly orbit around the sun affects the day length and 

sunlight intensity to cause seasons
b. Describe the Earth’s systems—biosphere, atmosphere, hydrosphere and lithosphere- and cycles and interactions within them (including water 

moving among and between them, rocks forming and transforming, and weather formation)

c. Give several reasons why the climate is different in different regions of the Earth
d. Describe significant Earth resources and how their limited supply affects how they are used
e. Describe the effect of gravity on objects on Earth

f. Give examples of both abrupt changes and slow changes in Earth systems


	MIE

D2a. Density

Students understand the relationship between properties of matter and Earth’s structure.  Students also examine the effects of density and particle size on the behavior of materials in mixtures.

1. Compare the density of various objects to the density of known earth materials
2. Calculate the density of earth materials (e.g., rocks, water, air) 

3. Observe and describe the sorting of earth materials in a mixture based on density and particle size (e.g., sorting grains of sand of the same size with different densities, sort materials of different particle size with equal densities)
4. Relate the sorting of materials that can be observed in streambeds, road cuts, or beaches to the density and particle size of those materials
5. Design and conduct an experiment that provides data on the natural sorting of various earth materials
MIE
D2b. Impact of Density

Students analyze how density affects Earth's structure.

1. Compare the densities of Earth's atmosphere, water, crust, and interior layers 

2. Relate density to the relative positioning of Earth’s atmosphere, water, crust, and interior 

3. Model the layering of Earth's atmosphere, water, crust, and interior due to density differences 

4. Distinguish between models of Earth with accurate and inaccurate attributes
MIE
D2c. Properties and Characteristics of Water

Students investigate and understand the unique properties and characteristics of water and its roles in the natural and human-made environment.  Key concepts include
1. water as the universal solvent
2. the properties of water in all three states
3. the action of water in physical and chemical weathering
4. the ability of large bodies of water to store heat and moderate climate
5. the origin and occurrence of water on Earth


6. the importance of water for agriculture, power generation, and public health
7. the importance of protecting and maintaining water resources
MIE
D2d. Properties and Characteristics of Air

Students investigate and understand the properties of air and the structure and dynamics of the Earth’s atmosphere.  Key concepts include

1. air as a mixture of gaseous elements and compounds

2. air pressure, temperature, and humidity

3. how the atmosphere changes with altitude

4. natural and human-caused changes to the atmosphere
5. the relationship of atmospheric measures and weather conditions
6. basic information from weather maps including fronts, systems, and basic measurements
7. the importance of protecting and maintaining air quality
MIE
D2e. Energy
Students investigate and understand basic sources of energy, their origins, transformations, and uses.  Key concepts include

1. potential and kinetic energy

2. the role of the sun in the formation of most energy sources on Earth

3. nonrenewable energy sources (fossil fuels including petroleum, natural gas, and coal)

4. renewable energy sources (wood, wind, hydro, geothermal, tidal, and solar)

5. Recognize that there are several different types of energy forms and energy transformations including heat/light to mechanical, chemical, and electrical energy

MIE

D2f. Solar Energy

Students investigate and understand the role of solar energy in driving most natural processes within the atmosphere, the hydrosphere, and on the Earth’s surface.  Key concepts include

1. the Earth’s energy budget
2. Recognize the role of convection, convection, and radiation in the distribution of energy (the transfer of heat from one object to another)
3. Recognize the properties of solar radiation

4. Recognize examples of energy transformations from one form to another the motion of the atmosphere and the oceans
5. cloud formation
6. the role of heat energy in weather-related phenomena including thunderstorms and hurricanes

	E. The Living Environment:  Students understand that cells are the basic unit of life, that all life as we know it has evolved through genetic transfer and natural selection to create a great diversity of organisms, and that these organisms create interdependent webs through which matter and energy flow.  Students understand similarities and differences between humans and other organisms and the interconnections of these interdependent webs.

E2. Ecosystems
Students examine how the characteristics of the physical, non-living (abiotic) environment, the types and behaviors of living (biotic) organisms, and the flow of matter and energy affect organisms and the ecosystem of which they are part

a. List various kinds of resources within different biomes for which organisms compete

b. Describe ways in which two types of organisms may interact (including competition, predator/prey, producer/consumer/ decomposer, parasitism, and mutualism) and describe the positive and negative consequences of such interactions 
c. Describe the source and flow of energy in the two major food webs, terrestrial and marine

d. Describe how matter and energy change from one form to another in living things and in the physical environment

e. Explain that the total amount of matter in the environment stays the same even as its form and location change

MIE

E2a. Watershed Systems

Students investigate and understand the natural processes and human interactions that affect watershed systems.  Key concepts include

1. the health of ecosystems and the abiotic factors of a watershed

2. the location and structure of Maine’s regional watershed systems

3. divides, tributaries, river systems, and river and stream processes

4. wetlands

5. estuaries

6. major conservation, health, and safety issues associated with watersheds

7. water monitoring and analysis using field equipment including hand-held technology
MIE

E2b. Organisms Within an Ecosystem 
Students generalize the dependent relationships between organisms
1. Formulate and test a hypothesis on the effects of air, temperature, water, or light on plants (e.g., seed germination, growth rates, seasonal adaptations)

2. Research multiple ways that different scientists have investigated the same ecosystem
MIE

E2c. Analyzing Human Influences

Students analyze human influence on the capacity of an environment to sustain living things.
1. Describe specific examples of how humans have changed the capacity of an environment to support specific life forms (e.g., people create wetlands and nesting boxes that increase the number and range of wood ducks, acid rain damages amphibian eggs and reduces population of frogs, clear cutting forests affects squirrel populations, suburban sprawl reduces mule deer winter range thus decreasing numbers of deer)
2. Distinguish between inference and evidence in a newspaper or magazine article relating to the effect of humans on the environment  

3. Infer the potential effects of humans on a specific food web  

4. Evaluate and present arguments for and against allowing a specific species of plant or animal to become extinct, and relate the argument to the of flow energy in an ecosystem

E5. Evolution

Students describe the evidence that evolution occurs over many generations, allowing species to acquire many of their unique characteristics or adaptations.
a. Explain how the layers of sedimentary rock and their contained fossils provide evidence for the long history of Earth and for the long history of changing life

b. Describe how small differences between parents and offspring can lead to descendants who are very different from their ancestors 

c. Describe how variations in the behavior and traits of an offspring may permit some of them survive a changing environment

d. Explain that new varieties of cultivated plants and domestic animals can be developed through genetic modification and describe the impacts of the new varieties of plants and animals 

MIE

E5a. What’s in a Rock?

Students understand the relationship between properties of matter and Earth’s structure.  Students compare rocks and minerals and describe how they are related.
1. Recognize that most rocks are composed of minerals

2. Observe and describe the minerals found in rocks (e.g., shape, color, luster, texture, hardness)

3. Categorize rock samples as sedimentary, metamorphic, or igneous
MIE

E5b. Rock On!

Students describe the nature of the changes that rocks undergo over long periods of time.
1. Diagram and explain the rock cycle

2. Describe the role of energy in the processes that change rock materials over time

3. Use a model to demonstrate how erosion changes the surface of Earth

4. Relate gravity to changes in Earth’s surface

5. Identify the role of weathering of rocks in soil formation

6. Describe and model the processes of fossil formation
MIE

E5c. What Can Rocks Tell Us?

Students describe how rock and fossil evidence is used to infer Earth’s history.
1. Describe how the deposition of rock materials produces layering of sedimentary rocks over time

2. Identify the assumptions scientists make to determine relative ages of rock layers

3. Explain why some sedimentary rock layers may not always appear with youngest rock on top and older rocks below (i.e., folding, faulting)

4. Research how fossils show evidence of the changing surface of the Earth
5. Propose why more recently deposited rock layers are more likely to contain fossils resembling existing species than older rock layers




	MIE

E5d. What’s Below the Surface?

Students compare rapid and gradual changes to Earth’s surface.
1. Describe how energy from the Earth's interior causes changes to Earth’s surface (i.e., earthquakes, volcanoes)

2. Describe how earthquakes and volcanoes transfer energy from Earth's interior to the surface (e.g., seismic waves transfer mechanical energy, flowing magma transfers heat and mechanical energy)  

3. Model the process of energy buildup and release in earthquakes
F. The Physical Environment:  Students understand and recognize the role humans have in using resources wisely, in protecting the living environment, and in developing strategies, systems, and technology to reduce the negative impacts on the Earth. 
MIE
F1. Resources

Students investigate and understand public policy decisions relating to the environment.  Key concepts include

1. management of renewable resources (water, air, soil, plant life, animal life)
2. management of nonrenewable resources (coal, oil, natural gas, nuclear power, mineral resources)
3. the mitigation of land-use and environmental hazards through preventive measures 

4. cost/benefit tradeoffs in conservation policies
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