CI519 SSM:MATH & SCIENCE




Spring 2005  Take-Home EXAM,   Ron Narode, PSU

You may work together, although your exam must demonstrate your own unique solutions to these problems and tasks.  You may be asked for an oral defense.  You may also ask your instructor for assistance.  Please see me in class or make an appointment at (503) 725-4619.   This is due the last class of the term.

Note:  Mathematics teachers do Parts 1 & 3. Science teachers do Parts 2 and 3.  

Part 1:  Mathematics (select at least four)

1.  Here is a problem that involves fractions:

In a certain population two-thirds of the men are married, and three-fifths of the women are married.  What fraction of the population is single?

    Here is a student's solution:

"Since two-thirds of the men are married, one third of the men must not be married, so one third of the men are single.  And since three-fifths of the women are married, then two-fifths of the women must be single.  All I need to do is add the fraction of the single men to the fraction of single women to find the total fraction of single men and single women.  Therefore:


1/3 + 2/5 = 5/15 + 6/15 = 11/15

So I conclude that eleven-fifteenths of the population is single."

a)  Find the error in the student's argument, describe in detail the nature of the confusion, and write a hypothetical dialogue between yourself and the student where you ask a series of questions to help the student to see the error.

b)  As a final test to see whether the student has overcome the above misconception, formulate another problem which tests for understanding of the concept which the student initially misunderstood.  Write you own detailed solution to it, and describe how you would use the problem instructionally.

2a.  Write your detailed thought process for your answer to the following problem:

“Two carafe-size, equal-volume vessels, one containing red-wine vinegar, and the other containing water are mixed in the following way:  one teaspoon of the wine vinegar is poured into the water and mixed well, then a teaspoon of the water and vinegar mixture is poured back into the vessel containing the red wine vinegar.  How do the two mixtures compare now?  How would they compare if the water was twice the volume of the wine vinegar?”  

2b.  Design a lesson that incorporates the mixture problem above.  Be sure to identify the concept(s) involved and at least one problem that prepares students for the challenges presented in this problem.  Note, even if you are intending this problem for an algebra class, it is solvable and appropriate for a prealgebra class using pictures and arithmetic.  Of course illustrations and demonstrations are very helpful as well.  Include your anticipated student misconceptions and a description of some of your questions and methods for correcting them. 

3. Discuss your answer, then develop a lesson to help your students answer the following question:  “What is the meaning of the statement, "There is a 30% chance of rain today." Be sure to incorporate a discussion about how weather forecast probabilities such as these are determined.

4. Design a lesson (or lessons) to help your high school students succeed with the following final project:

“Find the dimensions of a cylindrical can that will hold a liter of soda pop.  How many square inches of metal are required to assemble this can?”

5. a) Describe what you believe may be the misconceptions of students with the response to the following problem.  b)  Design a lesson or two to help them to understand how to think about this concept appropriately.

When faced with the following problem, about half the students gave this response (submitted by Terry Bennett, former GTEPer and, now, teacher at Aloha HS):

Which of the following expressions is bigger, or are they the same:

½ + 1/5  

1/3 + ¼

To which the students responded:   “They are both equal, 2/7 = 2/7”

Part 2:  Science (Choose at least four)

1. Consider the following issue, and describe how you would address it in your class and your reasons for doing so:

In a High School Biology class, students organized a debate where both groups used Darwin's Theory of Natural Selection to defend their respective positions regarding "human nature".  Their arguments are as follows:

Position A:  Humans are fundamentally selfish, or in the words of Thomas Hobbes, "nasty, brutish, and short".  The reason for this is that natural selection is about the ability of INDIVIDUAL members of a species to survive.  It is the individual's genes that must be passed on.  All of evolution is aimed towards insuring that individuals adapt to survive so that they may reproduce.  Consequently, "survival of the fittest" means that individuals who survive are the fittest to survive.  Hence, self-interest prevails.  


Two examples:  Animals: Some fish and birds will eat their young.  People: In 1816 a French frigate, Meduse, sank in the Atlantic while 147 people escaped on a raft.  After 12 days only 15 remained to be saved.  The others were either thrown overboard or killed and eaten by the strongest survivors.

Position B:  Humans, like other species are fundamentally altruistic and self-sacrificing.  The reason for this is that "survival of the fittest" is a designation intended for entire species and not individuals.  Maximization of the probability of survival of the gene pool of the species is the appropriate interpretation of Darwin's Theory of Natural Selection.  Furthermore, this is apparent in humans and other species.


Two examples:  Animals:  A worker bee will sting an invader to a hive even though it will die in the process.  Humans:  During Robert Scott's expedition to the South Pole (1911-1912), Captain Lawrence Oates walked out into the snow to certain death, so as not to be a burden to other members of the expedition.

2. Discuss your own extensive answer to the following question, then develop a lesson to help students answer the question:  “How do we know that matter is discrete and not continuous, and why is this important?”

3. After having studied photosynthesis some months earlier, you overhear students in your Biology class saying they are certain that the mass of a tree comes from the transformation and transportation of soil from the ground in which the tree is planted.  Write a dialogue between yourself and your students that addresses their ideas in light of what they may or may not remember from previous classes.

4.  Discuss your answer, then develop a lesson to help students fully understand and answer the question:  

What is the physical and biological significance of the 70s slogan:

 “The solution to pollution is dilution.”

5. Write a detailed thought process of your solution to the following problem, and design a lesson or two that gives students the tools to answer the problem as well.

An inflated balloon with a weight attached to it by a string is suspended motionless in water at a depth of three meters.  The weight, with the balloon attached, is then pulled down to a depth of four meters and then released.  Describe the motion of the balloon and weight system upon release, and your reasons for your answer.  Also describe the significance of your answer for scuba divers.

6.  Cellular Mitosis in the Human Body

With the exception of sex cells, all cellular reproduction in the human body occurs through mitosis and at varying rates.  Consider the roles of cellular function, evolution, and structure to answer the following questions:

a. Explain the difference in the approximate life spans of human stomach and colon cells (5 and 4 days respectively) and the much longer-lived bone cells (3 months).

b. While most of our body’s organs and cells repair themselves through reproduction of cells through mitosis, some do not.  Red blood cells appear not to repair themselves at all (live about three months), and nerve cells do not repair themselves through mitosis (live an entire human lifetime unless damaged).   Give a detailed explanation for these exceptions.

c. Develop a lesson or two that relates the processes and rates of mitosis to cell function and structure for a High School Biology class who recently studied the mechanisms of mitosis. 
Chemistry:

7.    What is an acid? A base?  What is the P-H Scale?  How does it work? What is its usefulness?   How does P-H relate to biology with respect to the following substances:  saliva, stomach digestive fluids, blood, water, soap?  Design a lesson or two around one or more of these topics.

8.  On many food labels, the terms “saturated’, “unsaturated”, “polyunsaturated”, and “hydrogenated”, appear frequently.  What is the chemical significance of these terms?  What is the dietary significance for people?  Design a lesson or two around this topic.

9. In your own words, what is electricity?  Design a lesson or two that gives students hands-on experience from which they will have some of the understanding of electricity that you describe for yourself.  

10. Design a lesson or two that helps students distinguish between molecules and elements.  What is the history of these ideas?  How would you incorporate the historical dimension into your lesson?

11. Design a lesson or two that helps students distinguish between exothermic and endothermic reactions and to appreciate the significance of this distinction in everyday life.

12. What evidence do we have for the existence of electrons?  What is the history of the discovery of electrons?  Design a lesson that shows the significance of experiment and interpretation of data in the discovery of electrons.

Earth Science:

13. When Galileo observed Venus through a telescope, he saw that it had phases similar to the phases of the moon.  From this, he concluded that indeed, Copernicus had been correct, the sun was the center of the solar system and not the Earth.  Develop a lesson where the students explore this conjecture and either disprove or approve of Galileo’s conclusion.

14. There are several methods for dating the Earth.  Describe at least three methods, and use at least two of these methods to structure a lesson or two that aims at finding the age of our planet.

15. What is the length of a day on the moon?  Design a lesson or lessons for students to discover this themselves.

16. The two great forces at work in geology are gravity and solar energy.  Design a lesson or two that facilitates student understanding of this idea.

17. Design a lesson or two that uses the understanding in question #16 above to describe the theory of plate tectonics.

18. What is the Richter scale and how does it work?  It is some measure of geological energy, but how was it developed and what does it mean?  What are the physical limits of the Earth’s geology according to the Richter scale and why do these limits exist?  Design a lesson or two to teach these ideas.

19. What distinguishes dirt, soil, and sand?  How did they come to exist?  Where do they come from and how did they get where they are?  Design a lesson or two to teach these ideas.

Part 3,  Math and Science:

Select one of the lessons you have designed in response to the questions above, and describe specifically the instructional strategies you would use to adapt the lesson to a class of students that is bimodal with respect to their past achievement.  What assessments would you adopt?  How would you hold students accountable, and to what standards would you hold them accountable?

