Introduction												
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: _Toc356385478][bookmark: _Toc356456862]BIO.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 of living organisms are recorded in the lab and in the field;
b) hypotheses are formulated based on direct observations and information from scientific literature;
c) variables are defined and investigations are designed to test hypotheses;
d) graphing and arithmetic calculations are used as tools in data analysis;
e) conclusions are formed based on recorded quantitative and qualitative data;
f) sources of error inherent in experimental design are identified and discussed;
g) validity of data is determined;
h) chemicals and equipment are used in a safe manner;
i) appropriate technology including computers, graphing calculators, and probeware, is used for gathering and analyzing data, communicating results, modeling concepts, and simulating experimental conditions;
j) research utilizes scientific literature;
k) differentiation is made between a scientific hypothesis, theory, and law;
l) alternative scientific explanations and models are recognized and analyzed; and	 
m) current applications of biological concepts are used.

	In order to meet this standard, it is expected that students will
· conduct investigations in the classroom and field, as appropriate, and critically examine investigations reported in scientific literature and databases.
· collect preliminary observations, both qualitative and quantitative.
· make clear distinctions among observations, inferences, and predictions.
· formulate hypotheses based on cause-and-effect relationships.
· justify hypotheses based on both preliminary observations and scientific literature.
· identify the independent variable (IV) and the values of the IV that will be used in the experiment.
· select dependent variables that allow collection of quantitative data. 
· identify variables that must be held constant.
· establish controls as appropriate.
· write clear, replicable procedures.
· identify and use appropriate technology for data collection and analysis, including probeware (i.e., sensors for temperature, pH and dissolved oxygen).
· record quantitative data in clearly labeled tables with units.
· include labeled diagrams in the data record.
· determine the range, mean, and values for data, using a graphing calculator and/or computer spreadsheet software.
· plot data graphically, showing independent and dependent variables.
· describe trends from the data where appropriate, using a graphing calculator and/or computer spreadsheet.
· recognize and discuss contradictory or unusual data.
· determine the extent to which data support/do not support a hypothesis, and propose further hypotheses and directions for continued research.
· discuss the validity of results as related to accuracy, confidence, and sources of experimental error based on number of trials and variance in the data.
· use evidence, apply logic, and construct an argument for conclusions based on reported data.
· recognize that in order to ensure the validity of scientific investigations, they must be evaluated by other members of the scientific community. 
· compare and contrast hypotheses, theories and laws.
· identify and describe scientific theories that have been changed or modified over time

	The various sub items will be listed in standards BIO. 2 through BIO. 8 where that type of investigation is being conducted.





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

	[bookmark: _Toc356456863]
BIO.2	The student will investigate and understand the chemical and biochemical principles essential for life. Key concepts include
a) water chemistry and its impact on life processes;
b) the structure and function of macromolecules;
c) the nature of enzymes; and
d) the capture, storage, transformation, and flow of energy through the processes of photosynthesis and respiration.

	In order to meet this standard, it is expected that students will
· explain the importance of the chemical and physical properties of water that make it vital to life. 
· recognize that the main components of a living cell are carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulfur. Carbon atoms can easily bond to several other carbon atoms in chains and rings to form large complex molecules. 
· explain the role and function of the four major categories of macromolecules (lipids, carbohydrates, proteins and nucleic acids).
· identify the functions of different types of proteins and recognize the significance that their conformation play in their functions.
· describe the structure of enzymes and explain their role in acting as catalysts to control the rate of metabolic reactions.
· explain how light is the initial source of energy for most communities.
· recognize the equations for photosynthesis and respiration and identify the reactants and products.
· describe the role of ATP in the storage and release of chemical energy in the cell.
· explain the interrelatedness of photosynthesis and cell respiration.

	Activities: 
BIO.2d   BIO.1i, l
Leaf Photosynthesis [41]Use a model to explore leaf photosynthesis and the macroscopic outcome of the photosynthetic reaction. (Model)

BIO.2d    BIO.1d, g, i 
Transpiration [40]
Investigate the process of transpiration in living plants.  
(Sensor: Relative Humidity, Temperature)


	
	
	Models/Simulations:

Leaf Photosynthesis - Macro
This model shows the process of photosynthesis in a leaf. (S)

Leaf Photosynthesis - Micro 
Demonstrates the reactants and products of photosynthesis. (S)

Leaf Photosynthesis With Sugar Plot 
This photosynthesis model includes a plot of sugar production. (S)








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

	[bookmark: _Toc356456864]BIO.3	The student will investigate and understand relationships between cell structure and function. Key concepts include
a) evidence supporting the cell theory;
b) characteristics of prokaryotic and eukaryotic cells; 
c) similarities between the activities of the organelles in a single cell and a whole organism; 
d) the cell membrane model; and
e)     the impact of surface area to volume ratio on cell division, material transport, and other life processes.
	In order to meet this standard, it is expected that students will
· describe the key events leading to the development of the cell theory.
· compare and contrast characteristics of prokaryotic and eukaryotic cells.
· compare and contrast the activities of an organelle in a single cell and a whole organism. 
· identify the following essential cell structures and their functions 
· the nucleus (contains DNA; site where RNA is made)
· ribosome (site of protein synthesis)
· mitochondrion (site of cell respiration)
· chloroplast (site of photosynthesis)
· endoplasmic reticulum (transports materials through the cell)
· Golgi (site where cell products are packaged for export)
· lysosome (contains digestive enzymes)
· cell membrane (controls what enters and leaves the cell)
· cell wall (provides support)
· vacuole (storage of material)
· cytoplasm (contains organelles and site of many chemical reactions)
· centriole (organizes spindle fibers in animal cells)
· cytoskeleton
· describe how the selective permeability of the cell membrane affects the life of a cell.
· describe processes associated with movement across the membrane for diffusion, facilitated diffusion, osmosis, and active transport.
· describe the relationship between a cell’s external solute concentration and its effect on the cell’s internal solute concentration.
· compare the efficiency of  the ability of a cell to transport material based on surface area to volume ratios.

	Activities:



	e) 
	
	Models/Simulations:
Diffusion and Osmosis 5: Dynamic Equilibrium 
Vary concentration on each side of the membrane, watch the effect. (S)

Diffusion and Osmosis 6: Concentration and Breathing 
A red blood cell in environments with different concentrations of oxygen. (S)

Diffusion and Osmosis 12: Osmosis
Vary salt concentration on each side of the membrane. (S)

Diffusion and Osmosis 2: A Simple Example of Diffusion) 
This is a model showing the diffusion of ink in pure water. (S)


Diffusion and Osmosis 11: Exploring an Aquapore
Enrichment.   Model can be used to show how proteins aid certain molecules through the cell membrane. (S)





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

	[bookmark: _Toc356456865]BIO.4	The student will investigate and understand life functions of Archaea, Bacteria and Eukarya. Key concepts include	
a) comparison of their metabolic activities;
b)     maintenance of homeostasis;
c)     how the structures and functions vary among and within the Eukarya kingdoms of protists, fungi, plants, and animals, including humans;
d)     human health issues, human anatomy, and body systems;
e)     how viruses compare with organisms; and
f)      evidence supporting the germ theory of infectious disease.

	In order to meet this standard, it is expected that students will
· compare and contrast the metabolic activities of all domains of life.
· identify the proper response an organism would exhibit in response to changes in the environment to maintain homeostasis.
· categorize and compare the Eukarya kingdoms based on cell structure, locomotion, reproduction, response to the environment and metabolism.
· identify the main factors that affect human health.
· describe the major functions of the human body systems and the role of each in maintaining homeostasis.
· compare and contrast a virus and a cell in relation to genetic material and reproduction.
· describe how Pasteur’s and Koch’s experimentation and hypotheses led to an understanding of the presence of microorganisms and their relationship to diseases.

	Activities: 
BIO.4d   BIO.1a
Body Temperature: Thermoregulation [38]
Observe and investigate differences in temperature at different locations on the body. (Sensor temperature)

BIO.4d   BIO.1a
Respiratory Rate During Exercise [39]
Investigate your respiration rate during rest and exercise.
(Sensor temperature)

BIO.4d   BIO.1a
Making and Hearing Sounds [89]
Explore how we make and perceive sounds -- how vocal cords and ears work. (Model)


	
	
	Models/Simulations:




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

	[bookmark: _Toc356456866]BIO.5	The student will investigate and understand common mechanisms of inheritance and protein synthesis. Key concepts include
a) cell growth and division;
b) gamete formation;
c)     cell specialization;
d)     prediction of inheritance of traits based on the Mendelian laws of heredity;
e)     historical development of the structural model of DNA; 
f)      genetic variation;
g)     the structure, function, and replication of nucleic acids;
h)     events involved in the construction of proteins;
i)      use, limitations, and misuse of genetic information; and
j)      exploration of the impact of DNA technologies.


	In order to meet this standard, it is expected that students will
· create a diagram to model the stages of mitosis and explain the processes occurring at each stage.
· describe the importance of cell specialization in the development of multicellular organisms.
· create a diagram to model the stages of meiosis and explain the processes occurring at each stage.
· compare and contrast the process of mitosis and meiosis and determine under which conditions each process will occur. 
· explain how the Mendelian laws of heredity apply to the patterns of inheritance.
· identify the traits expressed from a given genotype.
· use a Punnett square to show all possible combinations of gametes and the likelihood that particular combinations will occur in monohybrid and dihybrid crosses.
· evaluate karyotype charts and make a determination of the gender and genetic health of the individual.
· provide examples of reasons for genetic     diversity and why it can be an advantage for populations.
· provide examples of mutations that are lethal, harmful, and beneficial.
· describe the basic structure of DNA and its function in inheritance.
· describe the key events leading to the development of the structural model of DNA.
· given a DNA sequence, write a 
· complementary mRNA strand (A-U, T-A, C-G and G-C).
· explain the process of DNA replication.
· explain the process of protein synthesis, including DNA transcription and translation.
· evaluate examples of genetic engineering and the potential for controversy.
· describe the uses, limitations, and potential for misuse of genetic information.

	Activities:

BIO.5h  BIO.1l
Protein Structure - DNA Mutations MW ITSISU [52] 
Investigate and create different types of mutations.
(Model)





	
	
	Models/Simulations:

DNA to Proteins 3: Transcription 
A model in which users can go step by step through the transcription process. (S)

Protein Structure - Substitution Mutation  
This model can be used to make substitution mutations. (T)


Biologica Meiosis
Models meiosis and the production of gametes.  (T)




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

	[bookmark: _Toc356456867]BIO.6	The student will investigate and understand bases for modern classification systems. Key concepts include
a) structural similarities among organisms;
b) fossil record interpretation;
c) comparison of developmental stages in different organisms;
d) examination of biochemical similarities and differences among organisms; and
e) systems of classification that are adaptable to new scientific discoveries.
.

	In order to meet this standard, it is expected that students will
· construct and utilize dichotomous keys to classify groups of objects and organisms.
· describe relationships based on homologous structures. 
· compare structural characteristics of an extinct organism, as evidenced by its fossil record, with present, familiar organisms. 
· recognize similarities in embryonic stages in diverse organisms in the animal kingdom, from zygote through embryo and infer relationships.
· compare biochemical evidence (DNA sequences, amino acid sequences) and describe relationships.
· interpret a cladogram or phylogenic tree showing evolutionary relationships among organisms.
· investigate flora and fauna in field investigations and apply classification systems.

	




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

	[bookmark: _Toc356456868]BIO.7	The student will investigate and understand how populations change through time. Key concepts include
a) evidence found in fossil records;
b) how genetic variation, reproductive strategies, and environmental pressures impact the survival of populations;
c) how natural selection leads to adaptations;
d) emergence of new species; and
e) scientific evidence and explanations for biological evolution. 

	In order to meet this standard, it is expected that students will
· determine the relative age of a fossil given information about its position in the rock and absolute dating by radioactive decay.
· differentiate between relative and absolute dating based on fossils in biological evolution.
· recognize that adaptations may occur in populations of organisms over a period of time.
· describe the impact of reproductive strategies and rates on a population’s survival. 
· describe how genetic variation can lead to gradual changes in populations and the emergence of new species over time.
· predict the impact of environmental pressures on populations.
· explain how natural selection leads to changes in gene frequency in a population over time.
· compare and contrast punctuated equilibrium with gradual change over time.

	Activities: 
BIO.7c, d, e
Competition [87]
Study the effect of a consumer (rabbits) on two species of producers (grasses and weeds). 
(Model)

BIO.7c, d, e   BIO.1d
Producers and Consumers [86]
Use a model to study how the food supply affects the size of a population. 
(Model)

BIO.7b, c, d, e   BIO.1d
A Selection Pressure [48]
Observe how having a variety of inherited traits in a population allows it to adapt to a changing environment. 
(Model)

BIO.7b, c, d, e
Conflicting Selection Pressures [49]
Use a computer model to observe how natural selection works when selection pressures for a trait are both positive and negative. (Model)

BIO.7b, c, d, e
Mutations [50]
Use a computer model to observe how mutations in a population allow it to adapt to a changing environment. 
(Model)


	
	
	Models/Simulations:
Sheep Selection
Model shows sheep selection based on teeth. (S)

Sheep Mutation
Models the effect of a mutation in a flock of sheep.  (S)

Bug Hunt Camouflage 
This is a model of natural/artificial selection that shows how a population hunted by a predator can develop camouflaging. (S)


ER 12: Hawk And Rabbits (Controllable) 
Models the effect of camouflage when a hawk is hunting rabbits. (S)


ER 16: Open Model-Grass, Rabbits, Hawks, And Foxes 
Vary the amounts of grass, rabbits, hawks, and foxes; then see the effect of their choices. (S)  




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

	[bookmark: _Toc356456869]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. 

	In order to meet this standard, it is expected that students will
· graph and interpret a population growth curve and identify the carrying capacity of the populations.
· make predictions about changes that could occur in population numbers as the result of population interactions.
· illustrate and/or model the key processes in the water, carbon, and nitrogen cycle and explain the role of living things in each of the cycles.
· given an illustration of a food chain and a food web, identify each organism as a producer (autotroph), consumer (primary/second order), or decomposer and describe their role in the ecosystem. 
· interpret how the flow of energy occurs between trophic levels in all ecosystems in each of the following: 
-	food chain
-	food web
-	pyramid of energy
-	pyramid of biomass
-	pyramid of numbers.
· identify and describe an ecosystem in terms of the following:
effects of biotic and abiotic components
examples of interdependence
evidence of human influences
energy flow and nutrient cycling
diversity analysis
· describe the patterns of succession found in aquatic and terrestrial ecosystems of Virginia.
· identify the similarities and differences between primary and secondary succession.
· describe the characteristics of a climax community.
· use local ecosystems to apply ecological principles in the classroom and in the field where appropriate, using field guides and dichotomous keys for identifying and describing flora and fauna that characterize the local ecosystem.
· evaluate examples of human activities that have negative and positive impacts on Virginia’s ecosystems.
· recognize that the Chesapeake Bay watershed includes the majority of Virginia and human activities play an important role in its health.

	Activities: 
BIO. 8a, BIO. 1l 
Population Balance (45)
Use a computer model to study how populations stay in balance with their environment and respond to various factors such as food supply and predators. 
(Model)

BIO. 8a   BIO. 1l 
Population Explosion (46)
Use a computer model to observe population explosions.
(Model)

BIO. 8a, BIO. 1l 
Producers and Consumers [86]
Use a model to study how the food supply affects the size of a population.
(Model)

BIO. 8d, BIO. 1l 
Changing Environments [167]
Explore how natural and man-made environmental changes affect the survival of populations of plants and animals.
(Model)

BIO. 8a, BIO. 1l 
Wolf Sheep Predation [44]
Use a model to explore the stability of predator-prey ecosystems. 
(Model)


	
	
	Models/Simulations:
Worms 
Worms-food balance. (T)

Wolf-Sheep Predation
Standard wolf-sheep predation model; where student can vary number of sheep, wolves, and grass regrowth. (S)
[bookmark: _GoBack]
Sheep-Population
Model to show population dynamics in a herd of sheep. The rancher can remove some sheep each year. (S)

PopGen Fish Bowl 
PopGen Fishbowl is an agent-based population genetics simulation. The program contains the tools to conduct virtual experiments violating all the assumptions of Hardy-Weinberg theory. You can explore the effects of: 1-Small population size (Genetic Drift), 2-Selection, 3-Mutation, 4-Migration, 5-Non-random mating. Some basic population biology is also demonstrated such as, logistic population growth and the Allee Effect. (T)

Bug Hunt Camouflage 
This is a model of natural/artificial selection that shows how a population hunted by a predator can develop camouflaging. For example, in a forest with green leaves, green bugs may emerge as the predominant bug color. (S)




