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Name: ______________________________________
Date: ________________________

Gizmo Activity: Evaluating Biological Models
[Note: This activity requires you to use the Building DNA, Food Chain, and Disease Spread Gizmos™.]
Learning goals
After completing this activity, you will be able to … 

· Describe advantages of biological models.
· Describe limitations of biological models.
Vocabulary: conceptual model, physical model, scientific model, simulation
Warm-up questions 
1. Suppose a scientist wants to study how a deadly disease is transmitted. Why might it be hard for the scientist to find volunteers to participate in his study? 




2. Suppose a scientist wants to predict the effects of hunting on a natural ecosystem. What are some ways she could make this prediction more accurate? 





Scientific models
A scientific model is a simplified, artificial version of the real world. For example, in your biology class you may have seen a model of a cell or a model of the eye. Like all models, these classroom models only show certain details. A plastic model of the eye might show the locations of the cornea, iris, lens, and retina; but it might not show other important details such as how an image is formed on the retina.
Plastic classroom models are physical models. They are objects that represent nature. Scientists and engineers use physical models to investigate the world. One of the most famous scientific models was the model of DNA constructed out of cardboard cutouts by James Watson and Francis Crick. The Building DNA Gizmo™ contains a similar model. 
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Gizmo mini-activity using the Building DNA Gizmo

Open the Building DNA Gizmo. Follow the directions in the Gizmo to create a model of a strand of DNA. Stop when the hint in the Gizmo says “The DNA molecule is complete.”
1. Compare the DNA model in the Gizmo to the model shown at right. Which model appears to be more detailed?
2. What aspects of the structure of DNA are not shown in the Gizmo model? 






  

3. The “rungs” of the DNA ladder are composed of pairs of four nitrogen bases: adenine, thymine, guanine, and cytosine. How are these nitrogen bases indicated on the Gizmo?
4. One of the most important aspects of the DNA molecule is that adenine can only bond with thymine, and guanine can only bond with cytosine. How is this shown in the Gizmo?
5. In the Gizmo, click Release enzyme and follow the steps to see a very simplified model of DNA replication. How does DNA replication occur, according to the Gizmo?
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6. The actual process of DNA replication, illustrated at right, is more complex than what is shown in the Gizmo. What are the advantages and disadvantages of the simple model shown in the Gizmo? 
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Abstract Models
In addition to physical models, scientists and engineers often use abstract models to illustrate, study, and answer questions about nature. Abstract models are non-physical systems that often include scientific concepts.
A simulation is a special kind of model that uses an abstract model to show how a system changes over time. The Food Chain Gizmo is an abstract model that illustrates how the populations of different species interact in an ecosystem. In this model, the rabbits eat grass, the snakes eat rabbits, and the hawks eat snakes. 
Gizmo mini-activity using the Food Chain Gizmo
Open the Food Chain Gizmo. In the Gizmo, you can change the populations by clicking on the + and – buttons next to the organisms. Select the BAR CHART tab and press Play ([image: image8.png]Moose population
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).
1. Turn on Show numerical values. Each population is expressed as a percentage of the original population. Do the populations change much over time? 




2. Click Reset ([image: image2.jpg]


). Click the – button below the Rabbits to reduce the rabbit population to below 300. Select the GRAPH tab and click Play. Let the simulation run for about 20 simulated months. (Use the zoom controls to the right of the graph to see the whole graph.)

A. Look at the first part of the graph. Why did the populations of hawks and snakes go down while the population of grass went up? 






B. Why do you think the populations of the different organisms changed so much over time? 











C. Do you think the ecosystem will recover from this disturbance? 
____ Explain. 
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Isle Royale is a small Island in Lake Superior that is home to wolves that feed on moose. The island’s wolf and moose populations have been monitored closely by scientists since the 1940s. The graph to the right shows how the populations have changed over the years. 

In the graph, the moose population is shown in pink and the wolf population is shown in blue. 
A. How does this graph compare to the simulations you have observed in the Food Chain Gizmo? 










B. How could a simulation like the Food Chain Gizmo help biologists understand natural ecosystems? 










4. Recall that in the Food Chain Gizmo, the hawks eat only snakes, the snakes eat only rabbits, and the rabbits eat only grass. 
A. How would a real ecosystem differ from the model of the Food Chain Gizmo? 
B. What are the limitations of the Food Chain model in predicting how real-world ecosystems might behave? 








Practical use of models
Unfortunately, some phenomena are so complex that they are hard to model accurately. Weather is difficult to forecast because there are so many factors that affect the Earth’s atmosphere. The models used by meteorologists cannot take into consideration all the factors and all the relevant data.
Sometimes models are limited by a lack of scientific theory. For example, even today scientists do not have a full understanding of cloud formation, and this limits the reliability of models for how climate changes over time.

But often models have high practical value for scientists. For example, some experiments would be unethical, expensive, or impossible to run in real life. Scientists can use models and simulations to investigate these situations. You can see an example of this using the Disease Spread Gizmo. 
Gizmo mini-activity using Disease Spread Gizmo

Open the Disease Spread Gizmo. Select the CONTROLS tab, uncheck the Foodborne box, and select the Person-to-Person box. Select the SIMULATION tab and then press Play. 
1. What do you see? 










2. Select the GRAPH tab. Describe the graph. Use the horizontal and vertical zoom controls to zoom out as far as you can. Describe the shape of the graph.
3. What are some advantages of using a model to simulate the spread of disease instead of using a real-life experiment? __________________________________________________

4. What aspects of real disease spread are not shown in the simplified model of the Disease Spread Gizmo? 
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