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Guide to Model-Testing

Rationale and Overview


Of all activities that scientists engage in, model-testing is the primary way in which the discipline is advanced over time. Few students, even at the undergraduate level, have been given the opportunity to engage in the full range of activities that make up this core practice of science. This course project will require you to engage in these practices and prompt you to reflect on how your own students could master this complex set of skills. The key activities of this class project are to:

1) develop a model of a phenomenon of interest that includes some underlying causal (theoretical) components to it, 

2) decide what theoretical “piece” of that model you’d like to develop a test for, 

3) design a way to test that aspect of the model against real-world data that you collect, and 

4) design a coherent argument for how this data fits or does not fit.
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Scientific models represent ideas—ideas of how the natural world is structured or how it operates.  Models can take many forms in science (equations, verbal or written explanations, graphs, diagrams, physical representations, etc.). Perhaps the most versatile way to model “testable” ideas is though a conceptual diagram, somewhat like a concept map. Conceptual diagrams visually represent inter-relationships between entities, properties, events, and processes. Entities are “things.” They can be observable (concrete) like bacterial colonies, precipitates in a liquid, an electrical circuit, or a lake. Entities can also be unobservable (referred to as theoretical, hypothetical, or conceptual entities). Examples would be magnetic fields, gene pools, the inner layers of the earth, or a chemical bond. Properties are characteristics of entities. Properties can be intrinsic (belonging to the thing itself) such as mass, temperature, frequency, pH, melting point, density, dissolved oxygen, depth, etc. Properties can also be interactive (when some agent acts upon something else) such as force, color, friction, etc. Events are changes in a system. Processes are roughly similar to events, but they represent changes over a period of time. Examples include butterfly development, the stages of virus replication, or mineral crystallization. Most models contain a combination of observable and unobservable entities, properties, events, and processes. 

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.” You also see causal links between some conditions and insect diversity, in this case, soil compaction is conjectured to cause a decrease in insect diversity underground. The theoretical mechanism is compaction, which causes a lack of available oxygen for insect respiration. 
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We should note here that there is no such thing as a “correct” model. There are two [image: image4..pict]reasons for this. One is that models are creative interpretations of the natural world, and no two people will choose to “see and represent” the same phenomenon in the same way. The second reason is that models can never be “proven” to be correct. They can only be said to be more or less consistent with evidence. 


There are 4 important features to note in this model. First, it includes both theoretical (unobservable) features as well as empirical (observable, measurable) features. Second, it helps us think of ideas that are testable. Third, it can be used to predict outcomes. Fourth, it suggests relationships that are generalizable to a variety of  related situations. 

Create your own model (or adapt an existing one)

The most powerful use of models in real science is to conjecture how data (evidence) from the observable world can be explained through the underlying theoretical mechanisms. So, how do you begin to create or adapt a model?


1) First, you can begin by writing down the central phenomenon of interest. 


2) Second, you can brainstorm about the conditions under which this phenomenon occurs. At the same time, consider what entities, processes, events, and properties must be present for this phenomenon to happen. Do any of these influence how, how often, to what degree this phenomenon happens? 


3) Third, draft a simple causal statement: ____ causes _____ . Of course there are few phenomena in science that can be represented in this straightforward way, but this is only a place to start. As you begin to read more about the phenomenon, add conditions to this simple diagram. Reading more and talking with others is crucial in helping you ask the best questions possible. When you begin to connect entities, properties, events and processes in your diagram, you should use “linking” terms to show how these are related. Here are some examples of “linking terms.”
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4) As your model develops, consider what theoretical mechanisms are underlying the observable phenomenon in your model. How are hypothetical attributes, entities, processes or events influencing the features of your model? When you have developed your model though several iterations of rearranging parts and doing in-depth reading, consider what “piece” of your model you want to test (you typically can’t test the whole thing). 


5) As you develop your diagram, write a parallel verbal description of the phenomenon. That is, write out in words what your diagram expresses. These two forms of representation (the diagram and the written description) help to support each other. Often, what is difficult to diagram can be easily described in words and then translated into the diagram later. 


Your model is never really finished. As you do more reading, as you talk to others,  and as you do you actual study, it will change (it should change!). 

Avoiding common mistakes in developing models


In the past, some of my students have created models that are not really suitable for empirical testing. Here are some categories of models that you will want to avoid:

• models that are stated as simple hypotheses (for example “salt water keeps the ocean from freezing”)

• models that are graphs— no underlying mechanisms are stated

• models of the study design itself rather than of the phenomenon you are interested in (i.e. a flow chart of the study)

• models that are overly-simplistic— only a few nodes and links
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There are four common categories of testable questions that scientists ask. Descriptive questions, correlation questions, questions that border on descriptive and correctional, and comparative/causal questions.  They are shown in the table below.

	Categories of testable questions

	Descriptive questions

[don’t use for our class project, except perhaps for pilot data]
	• How many ______ are there in a given area?

• How frequently does _______ happen in a given time period?

• What is the [temperature, speed, height, mass, density, force, distance, pH, dissolved oxygen, light intensity, depth, etc.] of _______?

	Questions on the border between description and correlation
	• When does ______ happen over time?

• How does _____ change over a given area or distance? [How does pH change as you move over a 10-mile length of a stream?]

	Correlation questions [seeks to find positive, negative, or no correlation between variables]
	• What is the relationship between variable #1 ______, and variable #2 _______? 

• Does ____ go up when _____ goes down?

• How does ______ change as ______ changes?

	Comparative/causal questions
	• Is there a significant difference in _______ between group (or condition) #1 and group (or condition) #2?
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Because we are testing a causal model for this class project, we will not be asking descriptive questions (although descriptive questions and descriptive models are very important in science). Any of the other types of questions will be appropriate for this study. Note that your questions do not have to be phrased exactly like any of those above. The figure is simply a guide to help you think about different categories of testable questions. When it comes time to decide how to collect data, keep in mind that you do not need to do a control-group experiment. You can do a correlational study if you choose. You also do not necessarily have to manipulate variables directly (in a controlled setting). You can take systematic observations of existing situation. This is often the case in fields like ecology, astronomy, animal behavior, etc.. 


Final note: Do not pose arbitrary question for your study. An example of an arbitrary question is: “Will bean plants grow better with rock and roll music being played or with classical music being played? There is no scientific reason to believe music has any effect on plant growth. There is no model that suggests this—so don’t pose these kinds of questions. Make your questions authentic—that is, ask questions that emerge from an informed understanding of the phenomenon you are interested in. 

Scientific Argument: How to present evidence to support or refute your model


Scientific argumentation is the process by which science is advanced. No one’s study can “speak for itself.” Even the most famous investigations in science history had to be put forward to the science community as an argument (the sun-centered universe by Copernicus and Galileo, plate tectonics by Wegner, relativity by Einstein, natural selection by Darwin). There are 3 parts to a scientific argument.


1) The first aspect is the claim. You should articulate the causal mechanisms that you believe underlies the phenomena you investigated.


2) The second aspect involves the evidence you have collected: You should explain how the data that you collected either fits with or does not fit with your tentative model. There will not always be a clear-cut distinction about how your model fits with the evidence. 


3). The third aspect is how you would change your model in light of the empirical evidence. Perhaps the study is inconclusive and you do not feel you have the warrant to change your model.


In the past some of the problems other students have had in this final argument is that they have focused only on convincing the audience that their data collection strategy was appropriate, that they were careful and accurate in collecting the data, and that they analyzed the data properly. Although these considerations are important, the 3-part argument described above is crucial in advancing science. 

With this done, you have completed an authentic scientific investigation!







