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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Science Activities, Models, and Simulations – Life Science
Update – February 2016


Virginia Department of Education		1
	Standard
	Essential Knowledge, Skills, and Processes
	Activities, Models, and Simulations

	[bookmark: _Toc355718821]LS.1	The student will demonstrate an understanding of scientific reasoning, logic, and the nature of science by planning and conducting investigations in which
a) data are organized into tables showing repeated trials and means; 
b) a classification system is developed based on multiple attributes;
c) triple beam and electronic balances, thermometers, metric rulers, graduated cylinders, and probeware are used to gather data;
d) models and simulations are constructed and used to illustrate and explain phenomena;
e) sources of experimental error are identified;
f) dependent variables, independent variables, and constants are identified;
g) variables are controlled to test hypotheses and trials are repeated;
h) data are organized, communicated through graphical representation, interpreted, and used to make predictions; 
i) patterns are identified in data and are interpreted and evaluated; and
j) current applications are used to reinforce life 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.  
· design a data table to organize all components of an investigation in a meaningful way.
· develop and use a classification system that uses numerous attributes to organize information and discern patterns. 
· select and use appropriate tools and techniques for collecting qualitative and quantitative data in classroom and field investigations.
· create and use mental and physical models (including simulations) as ways to visualize explanations of ideas and phenomena.
· identify potential sources of error in the design of an experiment.
· evaluate the design of an experiment and the events that occur during an investigation to determine which factors may affect the results of the experiment. This requires students to examine the experimental procedure and decide where or if they have made mistakes.
· identify what is deliberately changed in the experiment and what is to be measured as the dependent variable.


	Activities: 

	
	
	Models/Simulations:





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

	[bookmark: _Toc355718822]LS.2	The student will investigate and understand that all living things are composed of cells. Key concepts include
a) cell structure and organelles; 
b) similarities and differences between plant and animal cells;
c) development of cell theory; and
d) cell division.

	In order to meet this standard, it is expected that students will
· distinguish among the following: cell membrane, cytoplasm, nucleus, cell wall, vacuole, mitochondrion, endoplasmic reticulum, and chloroplast.
· correlate the structures of cell organelles with their functions.
· compare and contrast examples of plant and animal cells, using the light microscope and images obtained from other microscopes.
· describe and sequence the major points in the development of the cell theory.
· identify the three components of the original cell theory.
· sequence the steps in the cell cycle, including the phases of mitosis. 
· differentiate between the purpose of mitosis and meiosis.
· design an investigation from a testable question related to animal and plant cells. The investigation may be a complete experimental design or may focus on systematic observation, description, measurement, and/or data collection and analysis. An example of such a question is: “Do onion cells vary in shape or structure depending on where they are found in the plant?”
	Activities:

	
	
	Models/Simulations:
Biologica Meiosis
Explore meiosis through gamete production and reproduction. (S) (T)

Biologica Dragon Genetics Explore meiosis works by choosing different traits for each parent. (S)







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

	[bookmark: _Toc355718823]LS.3	The student will investigate and understand that living things show patterns of cellular organization. Key concepts include
a) cells, tissues, organs, and systems; and
b) patterns of cellular organization and their relationship to life processes in living things. 




























	In order to meet this standard, it is expected that students will
· explain the relationship among cells, tissue, organs, and organ systems. 
· differentiate between unicellular organisms and multicellular organisms and name common examples of each.
· compare and contrast how unicellular and multicellular organisms perform various life functions. This includes the application of knowledge about systems in organisms.
· explain the role that each life function serves for an organism: ingestion, digestion and removal of waste, stimulus response, growth and repair, gas exchange, and reproduction.
· explain that there is a specific range or continuum of conditions that will meet the needs of organisms.
· model how materials move into and out of cells in the processes of osmosis, diffusion, and selective permeability. This includes creating and interpreting three-dimensional models and/or illustrations demonstrating the processes involved. Students should be able to analyze the components of these models and diagrams and communicate their observations and conclusions. 
· create plausible hypotheses about the effects that changes in available materials might have on particular life processes in plants and in animals.
· conduct basic investigations related to understanding cellular organization, with emphasis on observations of cells and tissue. This investigation should focus on the skills developed in LS.1. 
	Activities:
LS.3b   LS.11b, d   LS.1c, d, h
Build a Greenhouse [84]
Build your own greenhouse and explore how to regulate the temperature. (Sensors: Temperature, Light)   

LS.3b  LS.11b, d   LS.1c, d, h
Greenhouse Light and Temperature [85]
Build a model greenhouse and explore light and temperature levels over the course of an artificial day. 
(Sensors: Light, Temperature) 




	
	
	Models/Simulations:
Diffusion and Osmosis 5: Dynamic Equilibrium (S)

Diffusion and Osmosis 6: Concentration and Breathing (SAM) (S)

Diffusion and Osmosis 12: Osmosis (S)

Diffusion and Osmosis 2:  A Simple Example of Diffusion (S)

Sandbox: Diffusion of Particles (S)

Diffusion and Osmosis 4: Designing Your Own Model (S)



	

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

	[bookmark: _Toc355718824]LS.4	The student will investigate and understand how organisms can be classified. Key concepts include
a) the distinguishing characteristics of domains of organisms;
b) the distinguishing characteristics of kingdoms of organisms; 
c) the distinguishing characteristics of major animal phyla and plant divisions; and
d) the characteristics that define a species. 



	In order to meet this standard, it is expected that students will
· classify organisms based on a comparison of key physical features and activities.
· arrange organisms in a hierarchy according to similarities and differences in features.
· categorize examples of organisms as representative of the three domains (Archaea, Bacteria and Eukarya) and recognize that the number of domains is subject to change as new data are collected.
· categorize examples of organisms as representative of the kingdoms and recognize that the number of kingdoms is subject to change as new data are collected.
· recognize examples of major animal phyla.
· recognize examples of major plant divisions.
· recognize scientific names as part of a binomial nomenclature.
	





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

	[bookmark: _Toc355718825]LS.5	The student will investigate and understand the basic physical and chemical processes of photosynthesis and its importance to plant and animal life. Key concepts include
a) energy transfer between sunlight and chlorophyll;
b) transformation of water and carbon dioxide into sugar and oxygen;  and
c) photosynthesis as the foundation of virtually all food webs.

	In order to meet this standard, it is expected that students will
· describe the process of photosynthesis in terms of raw materials and products generated.
· identify and describe the cellular organelles involved in the process of photosynthesis.
· explain how organisms utilize the energy stored from the products of photosynthesis.
· compare and contrast the processes of photosynthesis and cellular respiration.
· relate the importance of photosynthesis to the role of producers as the foundation of food webs.
· design an investigation from a testable question related to photosynthesis. The investigation may be a complete experimental design or may focus on systematic observation, description, measurement, and/or data collection and analysis. 

	Activities:
LS.5b   LS.1d  
Leaf Photosynthesis [41]
Explore leaf photosynthesis and the macroscopic outcome of the photosynthetic reaction.
(Model:  Netlogo)

LS.5a   LS.1h, i 
Transpiration [40]
Investigate the process of transpiration in living plants.
(Sensor:  Relative Humidity, Temperature)



	
	
	Models/Simulations:






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

	[bookmark: _Toc355718826]LS.6	The student will investigate and understand that organisms within an ecosystem are dependent on one another and on nonliving components of the environment. Key concepts include
a) the carbon, water, and nitrogen cycles;
b) interactions resulting in a flow of energy and matter throughout the system;
c) complex relationships within terrestrial, freshwater, and marine ecosystems; and
d) energy flow in food webs and energy pyramids.

	In order to meet this standard, it is expected that students will
· differentiate among key processes in the water, carbon, and nitrogen cycles and relate how organisms, from bacteria and fungi to third-order consumers, function in these cycles.
· observe and identify common organisms in ecosystems and collect, record, and chart data concerning the interactions of these organisms (from observations and print and electronic resources).
· classify organisms found in local ecosystems as producers or first-, second-, or third-order consumers. Design and construct models of food webs with these organisms. 
· observe local ecosystems and identify, measure, and classify the living and nonliving components.
· identify examples of interdependence in terrestrial, freshwater, and marine ecosystems.
· determine the relationship between a population’s position in a food web and its size.
· apply the concepts of food chains, food webs, and energy pyramids to analyze how energy and matter flow through an ecosystem. 
· design an investigation from a test table question related to food webs. The investigation may be a complete experimental design or may focus on systematic observation, description, measurement, and/or data collection and analysis. 
· analyze and critique the experimental design of basic investigations related to food webs.
	Activities:
L molecules that are important in plants. (Model)

	
	
	Models/Simulations:
Sheep - Population A 
Sheep - Population B 
Sheep - Population C
Sheep Selection
Sheep Mutation
The above models show population dynamics in a herd of sheep. The rancher can remove some sheep each year.  (S)

Algae 
Algae moving up and down the water column in response to light and food.  (S)

Worms
Worms-food balance  (S)

Water Cycle
A dynamic display of the water cycle.  (S)





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

	[bookmark: _Toc355718827]LS.7	The student will investigate and understand that interactions exist among members of a population. Key concepts include
a) competition, cooperation, social hierarchy, territorial imperative; and
b) influence of behavior on a population.

	In order to meet this standard, it is expected that students will
· differentiate between the needs of the individual and the needs of a population.
· interpret, analyze, and evaluate data from systematic studies and experiments concerning the interactions among members of a population.
· determine the relationship between a population’s position in a food web and the types of interactions seen among the individuals of the population.
· observe and identify populations in ecosystems and collect, record, chart, and interpret data concerning the interactions of these organisms (from observations and print and electronic resources). 
· categorize behaviors as examples of competition, cooperation, social hierarchy, or territorial imperative. 

	Activities:

	
	
	Models/Simulations:








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

	[bookmark: _Toc355718828]LS.8	The student will investigate and understand interactions among populations in a biological community. Key concepts include
a) the relationships among producers, consumers, and decomposers in food webs;
b) the relationship between predators and prey;
c) competition and cooperation;
d) symbiotic relationships; and
e) niches.

	In order to meet this standard, it is expected that students will
· identify the populations of producers, consumers, and decomposers and describe the roles they play in their communities.
· interpret, analyze, and evaluate data from systematic studies and experiments concerning the interactions of populations in an ecosystem.
· predict the effect of population changes on the food web of a community.
· generate predictions based on graphically represented data of predator-prey populations.
· generate predictions based on graphically represented data of competition and cooperation between populations.
· differentiate between the types of symbiosis and explain examples of each.
· infer the niche of organisms from their physical characteristics.
design an investigation from a testable question related to interactions among populations. The investigation may be a complete experimental design or may focus on systematic observation, description, measurement, and/or data collection and analysis.
	Activities:

	
	
	Models/Simulations:
Rabbits-Grass 
Rabbits-Grass-Weeds-1 
Rabbits-Grass-Weeds-2 
Rabbits-Grass-Weeds-3 
Hawks and Rabbits (Controllable)  
Hawks and Rabbits in Changing Environment  
Open Model, Grass Rabbits, Hawks and Foxes  
The above models demonstrate and allow the user to manipulate environmental situations that help show an understanding of predator/prey relationships.  (S)





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

	[bookmark: _Toc355718829]LS.9	The student will investigate and understand how organisms adapt to biotic and abiotic factors in an ecosystem. Key concepts include
a) differences between ecosystems and biomes;
b) characteristics of land, marine, and freshwater ecosystems; and
c) adaptations that enable organisms to survive within a specific ecosystem.

	In order to meet this standard, it is expected that students will
· differentiate between ecosystems and biomes.
· recognize and give examples of major biomes: desert, forest, grassland, and tundra.
· compare and contrast the biotic and abiotic characteristics of land, marine, and freshwater ecosystems.
· analyze and describe how specific adaptations enable organisms to survive in a particular ecosystem.
· design an investigation from a testable question related to how specific adaptations of organisms allow them to survive in the presence of the biotic and abiotic factors in an ecosystem. The investigation may be a complete experimental design or may focus on systematic observation, description, measurement, and/or data collection and analysis. 

	Activities:
LS.9c   LS.10b   LS.1d, g, h, i
Competition [87] 
Study the effect of a consumer (rabbits) on two species of producers (grasses and weeds).



	
	
	Models/Simulations:
Bug Hunt Camouflage 
Peppered Moths 
The above two models demonstrate specific adaptations that enable organisms to survive.  (S)











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

	[bookmark: _Toc355718830]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.

	In order to meet this standard, it is expected that students will
· relate the responses of organisms to daily, seasonal, or long-term events.
· differentiate between ecosystems, communities, populations, and organisms. 
· predict the effect of climate change on ecosystems, communities, populations, and organisms.
· predict the effect of eutrophication on ecosystems, communities, populations, and organisms.
· compare and contrast the factors that increase or decrease population size.
· classify the various types of changes that occur over time in ecosystems, communities, populations, and organisms, as long term, short term, or seasonal.
· design an investigation from a testable question related to change over time in ecosystems, communities, populations, or organisms. The investigation may be a complete experimental design or may focus on systematic observation, description, measurement, and/or data collection and analysis. 
· analyze and critique the experimental design of basic investigations related to change over time in ecosystems, communities, populations, and organisms. 

	Activities:




	
	
	Models/Simulations:
Sheep - Population B 
Sheep - Population C 
Sheep Selection 
The above models show population dynamics in a herd of sheep. The rancher can remove some sheep each year.  (S)

Climate Change, With  Temperature Graph   
Climate Change Starter, Without Graph 
The above models include basic factors in climate change, including greenhouse gases, clouds, incoming sunlight and outgoing infrared.   (S)

Greenhouse Gases     
Greenhouse Gases in space model.  (T)

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.  (T)

Five Flowerpots, One Plant 
Five Flowerpots, Three Plants
Three Flowerpots with Variation
Plant Variation with Mountains
Five Flower Pots with Water
Field Of Flowers with Water
Five Flowerpots, Three Plants with Graph
Field with Three Plants, No Variation
Field with One Plant, Variation
The above models lack description but could be used to manipulate the environment and studying the germination rate of seeds.  These models should be used by Teachers! (T)

Single Rabbit (Controllable)
Rabbit Population (Controllable)






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

	[bookmark: _Toc355718831]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.

	In order to meet this standard, it is expected that students will
· identify examples of ecosystem dynamics.
· describe the relationship between human food harvest and the ecosystem.
· debate the pros and cons of human land use versus ecosystem stability.
· compare and contrast population disturbances that threaten and those that enhance species survival.
· describe ways that human interaction has altered habitats positively and negatively.
· observe the effect of human interaction in local ecosystems and collect, record, chart, and interpret data concerning the effect of interaction (from observations and print and electronic resources). 
· design an investigation from a testable question related to the relationships between ecosystem dynamics and human activity. The investigation may be a complete experimental design or may focus on systematic observation, description, measurement, and/or data collection and analysis. 
· analyze and critique the experimental design of basic investigations related to the relationships between ecosystem dynamics and human activity. 

	Activities:
LS.11b, d   LS.1c, d, h
Build a Greenhouse [84]
Build your own greenhouse and explore how to regulate the temperature. (Sensors: Temperature, Light)   

LS.11b, d   LS.1c, d, h
Greenhouse Light and Temperature [85]
Build a model greenhouse and explore light and temperature levels over the course of an artificial day. (Sensors: Light, Temperature) 

	
	
	Model/Simulations:
Sheep - Population C
Model to show population dynamics in a herd of sheep. The rancher can remove some sheep each year.  (S)

Climate Change, With Temperature Graph 
A model of energy balance in the atmosphere. It includes data plot. To slow the model, pull the top slider to the left.  (S)

Climate Change Starter, Without Graph 
This model includes basic factors in climate change, including greenhouse gases, clouds, incoming sunlight and outgoing infrared.  (S)

Greenhouse Gases
Greenhouse Gases in space model.  (T)




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

	[bookmark: _Toc355718832]LS.12	The student will investigate and understand that organisms reproduce and transmit genetic information to new generations. Key concepts include
a) the structure and role of DNA; 
b) the function of genes and chromosomes;
c) genotypes and phenotypes;
d) characteristics that can and cannot be inherited;
e) genetic engineering and its applications; and
f) historical contributions and significance of discoveries related to genetics.

	In order to meet this standard, it is expected that students will
· recognize the appearance of DNA as double helix in shape.
· explain that DNA contains coded instructions that store and pass on genetic information from one generation to the next.
· explain the necessity of DNA replication for the continuity of life.
· explain the relationship among genes, chromosomes, and alleles.
· demonstrate variation within a single genetic trait.
· distinguish between dominant and recessive traits.
· distinguish between genotype and phenotype.
· use Punnett squares to predict the possible combinations of inherited factors resulting from single trait crosses.
· differentiate between characteristics that can be inherited and those that cannot be inherited.
· identify aspects of genetic engineering and supply examples of applications. Evaluate the examples for possible controversial aspects.
· describe the contributions of Mendel, Franklin, Watson, and Crick to our basic understanding of genetics.

	Activities:
LS.12b, c   LS.1d, h, i
Genes and Appearance [93]
Change the way a dragon looks by changing its genes.  (Model: Biologica)

LS.12b, c, d   LS.1d, h, i
Meiosis [92]
Learn how meiosis (the formation of gametes) and fertilization (combining two gametes to form a fertilized zygote) shuffle the alleles that offspring inherit.  (Model:  Biologica)




	
	
	Models/Simulations:
Proteins and Nucleic Acids Introducing DNA
An interactive model of DNA in 3D. You can explore both the components and the different modes of visualizing DNA.  (T)

DNA to Proteins 3: Modeling Transcription
Visualize a 2D version of DNA. The container background is blue, indicating that everything happens in the aqueous environment of the cell.  (T) 

DNA to Proteins: Making Mutations 
Use this model to make a number of mutations: substitution, silent, frame shift, as well as stop codons that stop the replication process.  (S) (T)

Meiosis Three
Manipulate alleles to see an outcome.  (S)

Biologica Dragon Genetics 
Manipulate alleles to see an outcome.  (S)
Sheep-Mutation
This is a model of a flock of sheep whose survival depends on eating grass. The babies inherit traits from their parents according to Mendelian genetics. One can watch the spread of a mutation and how it depends on selection pressure.  (S)

Sheep-Selection
This is a model of a flock of sheep whose survival depends on eating grass. The babies inherit traits from their parents according to Mendelian genetics. One can study the effect on the population of a trait that changes the energy they get from eating grass.  (S)

Protein Structure - Substitution Mutation  
Replace one nucleotide with another for a substitution mutation. To make a mutation, right-click on a nucleotide. Then choose a mutation from the pop-up menu. (For example, you can change TTT to TCT.)  (T)
Protein Structure: Silent Mutation 
Make a single nucleotide mutation in the model above that does not change the sequence of the resulting protein. To make sure the amino acid sequence has not changed, you can synthesize (transcribe and translate) the protein before and after you make the mutation. (T)

Protein Structure - Stop Codon 
Inserting a stop codon into the sequence will cause translation to stop there.  (T)

PopGen Fish Bowl 
 You can explore the effects of: 1-Small population size (Genetic Drift) 2-Selection 3-Mutation 4- Migration 5-Nonrandom mating Some basic population biology is also demonstrated such as, logistic population growth and the Allee Effect.   (S) (T)
[bookmark: _GoBack]





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

	[bookmark: _Toc355718833]LS.13	The student will investigate and understand that populations of organisms change over time. Key concepts include
a) the relationships of mutation, adaptation, natural selection, and extinction;
b) evidence of evolution of different species in the fossil record;
c) how environmental influences, as well as genetic variation, can lead to diversity of organisms.

	In order to meet this standard, it is expected that students will
· interpret data from simulations that demonstrate selection for a trait belonging to species in various environments. 
· describe how changes in the environment can bring about changes in a species (adaptation, extinction) through natural selection.
· describe and explain how fossils are records of organisms and events in Earth’s history.
· explain the evidence for evolution from a variety of sources of scientific data. 
· explain how genetic variations in offspring, which lead to variations in successive generations, can result from the same two parents.
· analyze and evaluate data from investigations on variations within a local population. 
· explain how environmental influences, as well as genetic variation, can lead to diversity of organisms.

	Activities:

	
	
	Models/Simulations:
Sheep Mutation 
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. For example, in a forest with green leaves, green bugs may emerge as the predominant bug color.  (S)
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