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The main idea about teaching with models is that it helps the students understand underlying scientific phenomena. By examining models students can understand how an inquiry or a piece of information they are learning connects to generalizable patterns in the natural world. So if you are preparing an inquiry and want to make sure your kids get the big picture then think about which models might relate: a model of photosynthesis, of the behavior or light, of how abiotic and biotic factors interact, of what causes volcanoes or earthquakes etc. When students examine observable data (like oxygen bubbles or patterns of earthquakes) then they can use a model to reason about unobservable explanations. 
Models have both explanatory power and predictive power. In addition to providing explanations, models can also be used to make predictions about patterns in nature. If students use a model to make a prediction and then test the model then this use of models is called model-testing. 
There are 5 dimensions of the epistemic nature of knowledge about models that are important to consider when developing curriculum and supporting students in thinking with and about models: 
1) Generative- meaning models provide crucial frames of reference to help generate hypotheses 
2) Predictive- meaning models are used for testing ideas and hypotheses 
3) Revisable- meaning models are themselves targets of revision 
4) Conjectural- conjectural models (as opposed to purely descriptive, empirical models) involve observations used to support explanations 
5) Explanatory- model-based explanations involve unobservable entities or processes 

In this handout we share three ways you can support students’ learning with models and about models by: 
1) Examining pre-existing models 
2) Depicting students’ own models 
3) Testing models 

I. Examining pre-existing models
One simple way to involve students in learning about models (or “representations” if you want to use that term) is to use existing biological, chemical, and physical science models. The challenge for teachers is that often these models are taught as facts or theories that students simply use to learn science content; often students are not asked to reflect on how they are using models or why models are valuable. To help engage in talk about the use of models—how they are used for making predictions, and the way in which models are useful for making generalized statements about scientific processes as well as understanding the limitations of models—you can ask students to compare and contrast two models for some phenomenon. Examples of such questions might include:
1. “Compare which of the models represents _______ idea better and why.” 
2. “What is missing from the first model?” “What gets left out of one of the representations and why? 
3.  “In which situations would this model apply?” or “Is the model generalizable to all situations (such as all situations with or without gravity, all types of plants, etc.)?”
4. “If we wanted to find out ________, which model would we use? Could we use both models? Why or why not?” 
5. “How could you use this model to pose a question?” 
6. “How could you use this model to make a prediction?” or for younger kids: “Which model would you use to make _______ prediction?”
7. “How might your question (or prediction) be different for each of the two models?”
8. “Do you think models (such as atomic models or models of evolution) replace one another or do they co-exist? Explain.”
[image: http://www.google.com/images?q=tbn:7TAZXR1MU8i56M:http://www.agen.ufl.edu/~chyn/age2062/lect/lect_28/40_07.GIF]
[image: http://www.google.com/images?q=tbn:qwOJty_4GjQUeM:http://www.cas.psu.edu/DOCS/WEBCOURSE/WETLAND/WET1/fchain.jpg]Examples: 
· compare a  model of energy flow in a food chain to a 
food web
· compare Lamark versus Darwin’s theory of evolution 
· compare the wave versus particle theory of light
· compare different models of the atom
· [image: http://images.google.com/images?q=tbn:viFuAHfGjXgpnM:http://www.epa.gov/region7/kids/images/wtrcycle.gif][image: http://images.google.com/images?q=tbn:OmOr21t4wFsJmM:http://www.sawater.com.au/NR/rdonlyres/657AC917-D6E3-4E55-AAD1-38119A0ACBB4/0/diag_water_cycle.gif]Alternatively, you can draw two diagrams (or graphs) and ask similar questions as above. For example you could draw an oversimplified version of the water cycle and a more complex version that includes the concepts of energy and temperature, not just condensation, precipitation and transpiration. You can then ask students to identify the shortcomings in the first version. Or you could give students a general diagram of the water cycle and one that is specific to the Northwest (showing the rain shadow effect) and then ask students some of the questions from above. Students can talk about the need for a model to explain all conditions and predict new experimental outcomes. For example the first model might be better for making predictions about the water cycle in the desert or the artic and the second for making predictions about the effects of mountains on the water cycle.
 		
II. Depicting students’ own models 

About science concepts:
Have the students draw initial and revised concept maps of their understanding of a phenomenon such as what causes the weather in the Pacific Northwest, or what causes earthquakes, or what causes a rainbow, or why plants grow, etc.
· Note: the focus on underlying causes and unobservable scientific phenomenon as an emphasis in the examples listed above. 
· Note: this can be done as an eliciting ideas activity or after doing initial background reading on a topic. (Making this type of causal model this is different than model testing because students are not asked to make predictions based on the model prior to doing an inquiry. But the revised model could be used for model testing.)
· Note: this can be done as a whole class activity or within small groups. It might make more sense to do this as a class activity if students do not have practice making concept maps.
After conducting investigations or doing more extensive background reading, have the students revise their diagrams. They can make new ones or revise their diagrams using a different color pen or pencil. 
1. Prior to drawing the revised concept map, ask: “Should we add anything?” “What was missing from our initial model/representation/concept map?” 
2. If students need more guidance prior to revising their maps, ask: “What were the top three ideas important to studying this phenomenon from the initial model and how might they be shown as important ideas in the revised model? To figure out which components of the model were most important, look at the parts have the most arrows pointing to them on the original map.”
3. Ask: “What is the purpose of revising our initial drawing?” “Why might scientists do this?” or “Why do you think I am having you do this?”
4. Ask: “In what ways did your concept maps change? Be specific.” 
5. “How could you use this model to pose a question?” 
6. “How could you use this model to make a prediction?”

[image: http://images.google.com/images?q=tbn:V1ikZrgpd10_aM:http://www.bioweb.uncc.edu/1110Lab/notes/notes1/labpics/Elodea%2520Before%2520Photosynthesis%2520(With%2520Carbon%2520Dioxide).JPG]About science concepts post-inquiry:
Draw picture of experimental set up and give students a list of theoretical ideas to represent in their model. For example when doing a lab on photosynthesis and respiration (such as counting oxygen bubbles from an elodea plant under various light conditions), have the students: “Draw a picture of what is happening inside the plant. Use the following terms in your diagram: oxygen, carbon dioxide, glucose, and energy (light energy and ATP).”
Then ask questions, such as:
1. Would your diagram be the same for all types of plants, not just water plants? What if we used a land plant or a cactus?
2. Could you use your diagram to describe photosynthesis and respiration rates for all of the data—i.e. all 3 experimental conditions (using a red filter, blue filter, or under dark conditions)? Why or why not?
3. Why do you think we are using diagrams to represent photosynthesis and respiration? Why would we choose this form of a representation?
4. “How could you use this model to pose a question?” 
5. “How could you use this model to make a prediction?”

[image: http://images.google.com/images?q=tbn:QNyaZY2pqU_9XM:http://www.wooshrocketry.org/NSL/2004/images/scottg/Paper%2520rocket%2520at%2520NSL.JPG]In physical science you could do something similar with force diagrams following a lab involving rockets. Sample questions might include:
1. How are force diagrams useful?
2. Draw an ideal rocket and overlay a force diagram. 
a. Could you use this diagram to predict how far your rocket will go? 
b. What about on a windy day? 
c. What about in a frictionless environment?
3. How could we use the following graph based on our class data to predict the speed and direction of the rocket under _______ conditions?

III. Testing models (pre and post inquiry)
When students test models they can use pre-existing models, models you develop or models they develop. The idea is that they use the model to make a prediction (or ask a question and make a prediction) and then use observable data as evidence to revisit their prediction and discuss their findings in light of the unobservable/theoretical components of the model. 
· Note: If they are using more complex models and only testing a part of the model help the students identify the part of the model they are testing (i.e. have them put a star by the relationship they are testing). 
· Note: If they are devising models to test help scaffold this activity by giving the students 3-4 key processes (or models) and ask them to draw what they think are the relationships among them. Then have the students test them and revise the model based on all of the class data. Again it might be easier for students to do this as an all-class activity rather than an individual activity. 

[image: http://images.google.com/images?q=tbn:7wIWL3KhbkLmzM:http://www.scienceu.com/observatory/articles/seasons/images/rays.gif]In one case of model testing students were given three models that each helped explain an overall model for why the seasons occur. The students were given three explanatory models: 1) the tilt of the Earth, 2) the position of the Earth and 3) the distance between the sun and the earth. Different students investigated different models. They made predictions about the seasons using their (limited) models and then did experiments with one of the models (alternatively they could have examined secondary data). In their presentation of their findings they had to address the questions: 
1. “How does your individual model explain the seasons?” “What evidence do you have?” “What is missing?”
2. “How can you use more than one model to explain the seasons?” 
Follow up questions might include:
3. “How could you use the all-class model of what causes the seasons to pose a question?” 
4. “Could this model be used to predict the seasons on other planets as well? Why or why not?” 
Similarly students could do experiments to test the wave versus particle theory of light and use evidence to justify the coexistence of the models.
[image: wave]
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)In the case of the fish respiration lab that you all did on the first day of Science Methods, you devised a model and then tested part of the model. You could do the same with students or you could propose a simple model for the class to investigate. In another variant of the fish respiration lab, the students could manipulate temperature and measure the effect on fish respiration. The challenge is for students to think about two underlying mechanisms that might account for their data: 1) the increase in respiration is due to the temperature rising and metabolic changes in the fish or 2) it is due to a decrease in dissolved oxygen. The students could test the model to the right to make predictions and carry out an experiment like the one you did in class—where the amount of dissolved oxygen is manipulated, not the temperature. 
1. Then you could ask students to reflect on how they used and revised the model and why. 
2. To get at the generalizability of the model you could also ask if the model can account for all dead zones—in the Hood Canal, off the coast of Oregon, and in lakes exposed to thermal pollution. 
3. Students could make predictions about these conditions as well.

Similarly, you could propose a more complex model and have students test one or more parts of the model in a more open inquiry. The image below is a conceptual diagram made by a teacher education student of the relationship between soil compaction and insect diversity underground. When you look at the diagram you can see a central concept of interest “insect diversity.” All students could focus on this component and some students could test, for example, the relationship between soil compaction and insect diversity underground. The theoretical mechanism (it’s not directly observable) is compaction, which causes a lack of available oxygen for insect respiration. 
[image: Human activity Pict]
You can also have students examine computer programs that aim to help students understand underlying phenomena such as natural selection or interrelationships of organisms in food webs. Prior to using the program show the students the model and have them make predictions about how and why they think the simulation will behave. Have students revisit their predictions afterwards.  
[image: http://faculty.washington.edu/~herronjc/ImagesFolder/IconEvoDots.gif]For example after using the simulation on EvoDots (a program designed to investigate natural selection) ask the students: 
1. “What is this simulation trying to model? What is a general pattern that you saw from the data?”
2. “Did the data support your prediction? Why or why not? Use observable evidence from the simulation and explanations from the model in your answer.”
3. “Based on the pattern you saw from the speed of the predator as a heritable trait, do you think the process of natural selection is generalizable (applies) to all genes? Why or why not? Give a few examples of other genes in your answer.” 
4. “If you were to write the computer animation company that made EvoDots, what other variables (besides the speed of the predator) would you ask them to include? Why?”

Many of these questions actually do more than ask students about how and why they are using models, they also teach the students various uses for models. In this way the questions are a form of scaffolding for learning about the nature of models. Later in the year you can ask more open ended questions about how scientists use models and why they use them. 


 Using models and learning about the nature of models is part of the state EALRs; specifically the EALR #2: The student knows and applies the skills, processes, and nature of scientific inquiry. The Grade Level Expectations for using models and examining the nature of models are as follows: 

Analyze how models are used to investigate objects, events, systems, and processes. 
􀂃(6) Compare models or computer simulations of phenomena to the actual phenomena. 
􀂃(6) Explain how models or computer simulations are used to investigate and predict the behavior of objects, events, systems, or processes. 
􀂃(6, 7, 8) Create a model or computer simulation to investigate and predict the behavior of objects, events, systems, or processes (e.g., phases of the Moon using a solar system model). 
􀂃(7) Explain the advantages and limitations of investigating with a model. 

Analyze how physical, conceptual, and mathematical models represent and are used to investigate objects, events, systems, and processes. 
􀂃(9, 10) Compare how a model or different models represent the actual behavior of an object, event, system, or process. 
􀂃(9, 10) Evaluate how well a model describes or predicts the behavior of an object, event, system, or process. 
􀂃(9, 10) Create a physical, conceptual, and/or mathematical (computer simulation) model to investigate, predict, and explain the behavior of objects, events, systems, or processes (e.g., DNA replication). 
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