ILS 153: Ways of Knowing Science
        Name: ________________________________

Final Exam

Fall 2009
TOTAL POINTS = 115 / 11 questions
1. 15 points.  Consider the following graph from the IPCC FAQs: 
[image: image1.wmf]
a. Briefly describe the data represented on the graph, clearly separating your observations from any interpretations. 
b. How was the data collected?  Is it empirical or theoretical, and how do you know?

c. What is the relevance of the 5-95% error bars (in other words, what does this mean mathematically)?

d. First, what is the meaning of the different lines (originally in color, now different shades of grey)?  Second, interpret the significance of the different lines that are depicted on the graph.  Make sure you do this in two steps to separate your observations from your interpretations.

2. 10 points.  a. A lot of the predictions of human-induced global warming are based on predictions of Global Climate Models (GCMs).  Explain what they are, and what kind of results they produce. How do scientists test Global Climate Models, and how do they estimate likelihood from GCMs- that is, how do they know that any particular GCM is giving reasonable answers?
b. Given the quote  “all models are wrong, and some models are useful”, explain the value of the data generated by the global climate models. 
3. 10 points.  In his book, Why Evolution is True, Jerry Coyne talks about the wealth of evidence for the theory of evolution by natural selection. 

a. Provide one example from class, campus talks, or Coyne’s book that demonstrates how the theory of evolution can explain observations. 

b. The theory of evolution can also make predictions about living organisms on Earth. Describe a prediction that the theory of evolution can make about the natural world.

4. 10 points.  As with any scientific data or evidence, uncertainties are inherent in them, and the context of evolutionary biology is no exception.  Give an example (from the readings, class discussions or campus talks) of the following types of scientific uncertainty that surrounds evidence from evolutionary biology: 

a. Value uncertainty

b. Structural uncertainty

5. 5 points.  What are the two sources of variation in sexually reproducing populations of organisms? Indicate whether these sources are random or not, and how they produce the variation in populations that natural selection can act upon.

6. 15 points.  The case of Homo floresiensis (nicknamed “the Hobbit”) is an excellent illustration of the changing nature of scientific knowledge and the ways in which scientists are responsive to new evidence.

a. Briefly describe one line of evidence that was used to support the interpretation of the Hobbit being a distinct species separate from Homo sapiens (Homo floresiensis) 
b. Briefly describe one line of evidence that was used to support the alternative explanation of the Hobbit being the same species as modern humans (Homo sapiens). 

What are the scientific uncertainties that are inherent in the interpretations of these lines of evidence (a and b above)? For each example, describe the type of uncertainty inherent in the scientific evidence as being either value, structural or predictive. 

7. 10 points.  All objects are made of atoms.  An atom consists of a nucleus, which contains protons (with a positive charge) and neutrons (with a negative charge).  Surrounding that nucleus are electrons, which move really, really fast in particular orbits.  If we wanted to understand how much of an atom was really empty space, we would make a scale model.  We’ll do that for a hydrogen atom, which has one electron orbiting around one proton (there can be no neutrons in the nucleus only for this atom).  
Make a scale model of the atom, assuming that you had a 100 m radius (10 m diameter), which is the scale size that if you put the proton on one end of the football field, the electron would be on the other end.  Report the size of the electron and the size of the proton in meters.  Answer whether you could see either of these particles with your unaided eye.  Below is the relevant information and equation for scale.  CREDIT WILL BE GIVEN ONLY IF YOU SHOW YOUR WORK AND EXPLAIN IT!

The radius of an electron is 4.52 x 10-19 m.

The radius of a proton is 8.3 x 10-16 m.

The radius of the hydrogen atom (the “size” of the atom) is 5.27 x 10-12 m.

 As a reminder:
    
    Distance on map

Scale (known) = _______________   

( which is exactly equal to…

  Distance in reality (known)

Distance in map = Scale (known) * Distance in reality (known)

8. 15 points.  a. Describe the difference between a scientific law, a scientific hypothesis, and a scientific theory. 

 b. Is human-induced global warming a scientific law, a scientific hypothesis, or a scientific theory?  Whatever it is now, was it always that way?  If it has changed, explain when and why it changed.

c.  If human-induced global warming is a scientific law, will it ever become a scientific hypothesis or theory? If human-induced global warming is either a scientific hypothesis or theory, will it ever become a scientific law?  Why or why not?

9. 10 points.  What is scientific integrity?  Give one example of someone from this course who demonstrated scientific integrity and explain why.  Using that example, or others if you state them explicitly, what social, political, and economic conditions facilitate this behavior and what social, political, and economic conditions undermine this behavior? 
10. 10 points.  "The success of science depends on an apparatus of democratic adjudication-- anonymous peer review, open debate, the fact that a graduate student can criticize a tenured professor.  These mechanisms are more or less explicitly designed to counter human self-deception. People always think they're right, and powerful people will tend to use their authority to bolster their prestige and suppress inconvenient opposition. You try to set up the game of science so that the truth will win out despite this ugly side of human nature." 
- Steve Pinker
Explain how the IPCC is an example of a community of scientists who have set up this “game of science” to ensure scientific integrity.
11. 5 points.  Do you think your notions of how science is done and its implications for society have changed as a result of taking this course? If so, how do you think they have changed and why? If not, explain why not.
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