The Virginia Science Activities, Models, and Simulations (SAMS) project is designed to provide middle and high school science teachers with science activities, models, and simulations correlated the 2010 Science Standards of Learning.  This resource is designed to support the science knowledge and skills all students need for the future.  The activities, models, and simulations were developed by teachers participating in the Innovative Technology in Science Inquiry Scale Up (ITSI-SU) project funded by the National Science Foundation.
The Virginia Science Activities, Models, and Simulations (SAMS) project engages students in practices that are essential for learning science through inquiry. The SAMS project was designed to offer flexibility in how a teacher chooses to use it with her/his students. It is divided into two sections.  
The first section offers correlations to activities that involve asking questions or defining problems, using models or sensors, collecting data, interpreting results, using mathematics, technology and computational thinking, constructing explanations, and designing solutions based on evidence. The activities also include a section on career connections.  
The second section includes models and simulations that are identified as those that could be used in stand-alone situations.  These may be used by teachers (indicated by a T) for demonstration purpose or by students (indicated by an S) as they work independently or in small groups.	
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	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355716602][bookmark: _Toc355717048]6.1	The student will demonstrate an understanding of scientific reasoning, logic, and the nature of science by planning and conducting investigations in which
a) observations are made involving fine discrimination between similar objects and organisms;
b) precise and approximate measurements are recorded;
c) scale models are used to estimate distance, volume, and quantity;
d) hypotheses are stated in ways that identify the independent and dependent variables;
e) a method is devised to test the validity of predictions and inferences;
f) one variable is manipulated over time, using many repeated trials;
g) data are collected, recorded, analyzed, and reported using metric measurements and tools;
h) data are analyzed and communicated through graphical representation; 
i) models and simulations are designed and used to illustrate and explain phenomena and systems; and 
j) current applications are used to reinforce science concepts.
	In order to meet this standard, it is expected that students will
· make connections between the components of the nature of science and their investigations and the greater body of scientific knowledge and research. 
· make observations that can be used to discriminate similar objects and organisms, paying attention to fine detail. 
· make precise and consistent measurements and estimations. 
· create approximate scale models to demonstrate an understanding of distance, volume, and quantity. 
· differentiate between independent and dependent variables in a hypothesis. 
· propose hypotheses or predictions from observed patterns. 
· compare and contrast predictions and inferences. 
· analyze and judge the evidence, observations, scientific principles, and data used in making predictions and inferences.
· design an experiment in which one variable is manipulated over many trials. 
· collect, record, analyze, and report data, using metric terminology and tools.
· analyze and communicate data, using graphs (bar, line, and circle), charts, and diagrams. 
· design a model that explains a sequence, for example, the sequence of events involved in the formation of a cloud.

	





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355717049]6.2	The student will investigate and understand basic sources of energy, their origins, transformations, and uses. Key concepts include
potential and kinetic energy;
the role of the sun in the formation of most energy sources on Earth;
nonrenewable energy sources;
renewable energy sources; and
energy transformations.

	In order to meet this standard, it is expected that students will
· compare and contrast potential and kinetic energy through common examples found in the natural environment. 
· analyze and describe the transformations of energy involved with the formation and burning of coal and other fossil fuels. 
· compare and contrast renewable (solar, wind, water [hydropower, tidal and waves], biofuels, geothermal, and biomass) and nonrenewable energy sources (coal, petroleum, natural gas, nuclear power). 
· explain that hydrogen is not an energy source, but a means of storing and transporting energy.
· design an application of the use of solar and wind energy.
· chart and analyze the energy a person uses during a 24-hour period and determine the sources. 
· compare and contrast energy sources in terms of their origins, how they are utilized, and their availability. 
· analyze the advantages and disadvantages of using various energy sources and their impact on climate and the environment.
· analyze and describe how the United States’ energy use has changed over time. 
· analyze and describe sources of energy used in Virginia related to energy use nationally and globally.
· predict the impact of unanticipated energy shortages. 
· comprehend and apply basic terminology related to energy sources and transformations. 
· create and interpret a model or diagram of an energy transformation. 
· design an investigation that demonstrates how light energy (radiant energy) can be transformed into other forms of energy (mechanical, chemical and electrical)

	Activities: 




	
	
	Models/Simulations:
(T) Teacher
(S) Student

Atoms and Energy 2: The Kinetic and Potential Energy of a Pendulum
Explore changing kinetic energy when it interconverts with potential energy. (S)




	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355717050]6.3	The student will investigate and understand the role of solar energy in driving most natural processes within the atmosphere, the hydrosphere, and on Earth’s surface. Key concepts include
a) Earth’s energy budget;
b) the role of radiation and convection in the distribution of energy;
c) the motion of the atmosphere and the oceans;
d) cloud formation; and
e) the role of thermal energy in weather-related phenomena including thunderstorms and hurricanes. 

	In order to meet this standard, it is expected that students will
· comprehend and apply basic terminology related to solar energy, including wavelength; ultraviolet, visible, and infrared radiation; and reflection and absorption. 
· analyze and interpret a chart or diagram showing Earth’s energy budget. 
· analyze, model, and explain the greenhouse effect in terms of the energy entering and leaving the atmosphere. 
· design an investigation to determine the effect of sunlight on the heating of a surface. 
· analyze and explain how convection currents occur and how they distribute thermal energy in the atmosphere and oceans. 
· analyze the role of heating and cooling in the formation of clouds. 
· order the sequence of events that takes place in the formation of a cloud. 
· describe the relationship between thermal energy and the formation of hurricanes and thunderstorms.

	Activities:
6.3 a, b 
Greenhouse Gases [65]
Explore how Earth's atmosphere affects the energy balance between incoming and outgoing radiation. (Model)

6.3 b, c, e 
Energy Balance and Temperature [66]
Explore the energy balance between incoming and outgoing radiation on Earth. 
(Model)

6.3.d 
Water Cycle: Create a Cloud [671]
Using water, ice and smoke, create a cloud, take various temperature readings and record data. (Sensor: Temperature)

	
	
	Models/Simulations:
Climate Change, With Temperature Graph 
Investigate basic factors in climate change, including greenhouse gases, clouds, incoming sunlight and outgoing infrared. (T)

Climate Change Starter, Without Graph 
Investigate basic factors in climate change, including greenhouse gases, clouds, incoming sunlight and outgoing infrared. (T)

Energy Skate Park 
Investigate potential energy, kinetic energy, friction, and heat using a skate park simulation. (S)





	
Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355717051]6.4	The student will investigate and understand that all matter is made up of atoms. Key concepts include
a) atoms consist of particles, including electrons, protons, and neutrons;
b) atoms of a particular element are alike but are different from atoms of other elements;
c) elements may be represented by chemical symbols;
d) two or more atoms interact to form new substances, which are held together by electrical forces (bonds);
e) compounds may be represented by chemical formulas;
f) chemical equations can be used to model chemical changes; and
g) a limited number of elements comprise the largest portion of the solid Earth, living matter, the oceans, and the atmosphere.

	In order to meet this standard, it is expected that students will
· create and interpret a simplified modern model of the structure of an atom. 
· compare and contrast the atomic structure of two different elements.
· explain that elements are represented by symbols.
· identify the name and number of each element present in a simple molecule or compound, such as O2, H2O, CO2, or CaCO3.
· model a simple chemical change with an equation and account for all atoms. Distinguish the types of elements and number of each element in the chemical equation. (Balancing equations will be further developed in Physical Science.)
· name some of the predominant elements found in the atmosphere, the oceans, living matter, and Earth’s crust.

	

	
	
	Models/Simulations
Atomic Structure 3: The Elements
Use the atom builder to experiment with combining different amounts of protons, neutrons and electrons to make various kinds of atoms. (S) 

Build an Atom
Build an atom and then play a game to challenge your skills. (S)

Build a Molecule
Build molecules and view them in 3D. (S) 

Balancing Chemical Equations
Balance chemical equations and see a model of the equation as it is balanced. (S)





	
Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355717052]6.5	The student will investigate and understand the unique properties and characteristics of water and its role in the natural and human-made environment. Key concepts include
a) water as the universal solvent;
b) the properties of water in all three phases;
c) the action of water in physical and chemical weathering;
d) the ability of large bodies of water to store thermal energy and moderate climate; 
e) the importance of water for agriculture, power generation, and public health; and
f) the importance of protecting and maintaining water resources.	

	In order to meet this standard, it is expected that students will
· comprehend and apply key terminology related to water and its properties and uses. 
· model and explain the shape and composition of a water molecule.  
· design an investigation to demonstrate the ability of water to dissolve materials. 
· comprehend the adhesive and cohesive properties of water. 
· compare the effects of adding thermal energy to the states of water. 
· explain why ice is less dense than liquid water. 
· relate the three states of water to the water cycle. 
· design an investigation to model the action of freezing water on rock material. 
· design an investigation to determine the presence of water in plant material (e.g., a fruit). 
· infer how the unique properties of water are key to the life processes of organisms. 
· design an investigation to model the action of acidified water on building materials such as concrete, limestone, or marble.  
· chart, record, and describe evidence of chemical weathering in the local environment. 
· analyze and explain the difference in average winter temperatures among areas in central and western Virginia and cities and counties along the Chesapeake Bay and Atlantic coast. 
· explain the role of water in power generation. 
· describe the importance of careful management of water resources.

	Activities
6.5b, 6.1i 
Water Moving Around the Earth [143]
Investigate Earth’s water cycle. (Model)

6.5b, 6.1i
Water into the Air [149]
Explore evaporation of water into the air. 
(Sensors: Relative Humidity, Temperature)

6.5b, 6.1i
Water in Classroom Air [121]
Calculate the actual amount of water in the air in your classroom.
(Sensors: Temperature, Relative Humidity)

6.5b, 6.1i  
Melting Ice [109]
Monitor the temperature of a melting ice cube.  (Sensors: Temperature, Model)




	
	
	Models/Simulations
Water Cycle 
A dynamic display of the water cycle. (T) 


Molecular Geometry 3: Unshared Electrons and the “Bent” Shape 
A simulation of a 3-D water molecule. (T)

Atomic Structure 3: The Elements
Use the atom builder to experiment with combining different amounts of protons, neutrons, and electrons to make various kinds of atoms. (S) 

Solubility 6: Temperature Affects Dissolving 
Increase the amount of heat to determine effect on dissolving. (T)  


States of Mater: Basics 
Add and remove thermal energy to watch phase changes. (T)



	
Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355717053]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.

	In order to meet this standard, it is expected that students will
· comprehend and apply basic terminology related to air and the atmosphere. 
· identify the composition and physical characteristics of the atmosphere. 
· analyze and interpret charts and graphs of the atmosphere in terms of temperature and pressure. 
· measure and record air temperature, air pressure, and humidity, using appropriate units of measurement and tools. 
· analyze and explain some of the effects that natural events and human activities may have on weather, atmosphere, and climate. 
· evaluate their own roles in protecting air quality. 
· design an investigation to relate temperature, barometric pressure, and humidity to changing weather conditions. 
· compare and contrast cloud types and relate cloud types to weather conditions. 
· compare and contrast types of precipitation. 
· compare and contrast weather-related phenomena, including thunderstorms, tornadoes, hurricanes, and drought. 
· interpret basic weather maps and make forecasts based on the information presented. 
· map the movement of cold and warm fronts and interpret their effects on observable weather conditions. 

	Activities:
6.6 a, c 
Dew Point [115]
Investigate how to condense water from your classroom air.

6.6 c, d, e, f  
Tracking a Storm [113] 
Measure changing weather conditions prior to, during, and after a storm.

	
	
	Models/Simulations:
Climate Change, With Temperature Graph
This model includes basic factors in climate change, including greenhouse gases, clouds, incoming sunlight and outgoing infrared. (T,S)

The Pressure-Temperature Relationship (Gay-Lussac)
The Gay-Lussac Law is that the pressure of a gas of fixed mass and fixed volume is directly proportional to the gas's absolute temperature. In the model a virtual gauge is placed in the container of gas to measure pressure. The output is shown with a bar graph. (T)





	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355717054]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.


	In order to meet this standard, it is expected that students will
· comprehend and apply basic terminology related to watersheds. 
· use topographic maps to determine the location and size of Virginia’s regional watershed systems. 
· locate their own local watershed and the rivers and streams associated with it. 
· design an investigation to model the effects of stream flow on various slopes. 
· analyze and explain the functioning of wetlands and appraise the value of wetlands to humans. 
· explain what an estuary is and why it is important to people.
· propose ways to maintain water quality within a watershed. 
· explain the factors that affect water quality in a watershed and how those factors can affect an ecosystem. 
· forecast potential water-related issues that may become important in the future. 
· locate and critique a media article or editorial (print or electronic) concerning water use or water quality. Analyze and evaluate the science concepts involved. 
· argue for and against commercially developing a parcel of land containing a large wetland area. Design and defend a land-use model that minimizes negative impact. 
· measure, record, and analyze a variety of water quality indicators and describe what they mean to the health of an ecosystem.

	




	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355717055]6.8	The student will investigate and understand the organization of the solar system and the interactions among the various bodies that comprise it. Key concepts include
a) the sun, moon, Earth, other planets and their moons, dwarf planets, meteors, asteroids, and comets;
b) relative size of and distance between planets;
c) the role of gravity;
d) revolution and rotation;
e) the mechanics of day and night and the phases of the moon;
f) the unique properties of Earth as a planet;
g) the relationship of Earth’s tilt and the seasons;
h) the cause of  tides; and
i) the history and technology of space exploration.


	In order to meet this standard, it is expected that students will
· describe the planets and their relative positions from the sun. 
· compare the characteristics of Pluto to the planets and explain its designation as a dwarf planet.
· design and interpret a scale model of the solar system. (A scale model may be a physical representation of an object or concept. It can also be a mathematical representation that uses factors such as ratios, proportions, and percentages.) 
· explain the role of gravity in the solar system. 
· compare and contrast revolution and rotation and apply these terms to the relative movements of planets and their moons. 
· model and describe how day and night and the phases of the moon occur. 
· model and describe how Earth’s axial tilt and its annual orbit around the sun cause the seasons. 
· describe the unique characteristics of planet Earth. 
· discuss the relationship between the gravitational pull of the moon and the cycle of tides. 
· compare and contrast the ideas of Ptolemy, Aristotle, Copernicus, and Galileo as related to the solar system. 
· create and interpret a timeline highlighting the advancements in solar system exploration over the past half century. This should include information on the first modern rockets, artificial satellites, orbital missions, missions to the moon, Mars robotic explorers, and exploration of the outer planets.

	Activities:
6.8a, 6.1i   

6.8e, 6.1i 
Moon Phases [4] 
Use a model to explore the phases of the moon. (Model)

6.8g, 6.1i 
Seasons: Changing Length of Daylight [3]
[bookmark: id.gjdgxs]Explore how the changing length of daylight causes seasons on Earth. (Sensor: Temperature, Model)
 
6.8g, 6.1i 
Seasons: Changing Position of the Sun [2] 
Explore how the changing position of the sun causes seasons on the earth. (Sensors: Light, Temperature, Model)

	a) 
	
	Models/Simulations:
Phases of the Moon 
The moon revolves around Earth and the corresponding phase of the moon, as displayed from Earth, is displayed. (T) 






	
Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355717056]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.

	In order to meet this standard, it is expected that students will
· differentiate between renewable and nonrenewable resources. 
· describe the role of local and state conservation professionals in managing natural resources. These include wildlife protection; forestry and waste management; and air, water, and soil conservation. 
· analyze resource-use options in everyday activities and determine how personal choices have costs and benefits related to the generation of waste. 
· analyze how renewable and nonrenewable resources are used and managed within the home, school, and community. 
· analyze reports, media articles, and other narrative materials related to waste management and resource use to determine various perspectives concerning the costs/benefits in real-life situations. 
· evaluate the impact of resource use, waste management, and pollution prevention in the school and home environment.
	Activities:
6.9 a, c, d 
Renewable Energy Generator Construction [692] 
Investigate and construct working models of wind turbines and hydroelectric generators. Students will experiment with their own designs and visualize how the energy transfers into electricity production. (Sensor: Voltage)



	
	
	Models/Simulations:
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