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In-Class Activities:

Instructor Notes for In-Class Activity 1 

	Title:

	Which are Science?

	Time:
	15 – 30 minutes

	Materials:
	Handout

	Handouts:
	Which are Science? List of scientific and non-scientific knowledge – This could also be made into a transparency or multimedia slide. 

	Procedures:
	Hand out the Which are Science? papers to the students or put up the transparency/slide.  Ask the students to individually indicate whether each item is an example of scientific knowledge, non-scientific knowledge, or other. After the students make their decisions, talk about the details of each example. Some examples, as described in the Instructor Copy, may come from oversimplified statements from the media or even from teachers. These statements need to be examined carefully by the class to support the need for specificity of vocabulary in science. Others are examples of “old wives’ tales” that have subsequently been verified by science. However, many of your students may over generalize from one herbal extract, for example, having a scientific basis to all herbal extracts. They also don’t have a clear understanding of level of effect or interaction effects with other medications, alcohol, etc. 

Suggested Questions:

1. What determines the difference between scientific knowledge and non-scientific knowledge?

2. What is necessary for non-scientific knowledge to become scientific knowledge?

3. What is “common sense”? Upon what is it based? Is it scientific knowledge or non-scientific knowledge? Why?

4. Why is it inappropriate to use overly general language when describing scientific knowledge?

5. How does frame of reference change your answers to some questions?

6. How can the media shape the way that scientific events are understood?



	Student 

Instructions:
	Are the statements provided here examples of scientific knowledge, non-scientific knowledge, or something else? What helped you make your decisions?



	Specific 

Suggestions:  
	I know that there is a similar activity within the text in the discussion questions. Those statements, however, are a little more concrete in nature in that each one can be fairly easily determined based upon being observable and measurable. I have found that my students can clearly discriminate items that are more “black and white” but have problems with shades of gray. For example, information that once was considered “old wives’ tales” that has since been verified medically. Students want science to be concrete, solid, and unmoving – facts that you memorize and never revisit. Unfortunately, they must learn about the tentative nature of science in order to function knowledgably in a society that relies upon science for answers to most questions. 

On the instructor’s copy there is at least one comment in italics about each non-scientific (or potential “other”) statement. There may be other issues you may want to address when you explain the statement. In some cases an example may be an “old wives’ tale that has been scientifically supported more recently. Make certain that the students understand that not all such tales have basis in scientific truths. Many of the examples suffer from lack of specificity in language that can be attributable to the media or well-meaning teachers trying to make science “easier” for their students. You can point these problems out using the examples given, or make your own examples.



	Objectives:
	Discriminate between scientific and non-scientific knowledge

Identify examples of historically non-scientific knowledge that may be investigable for potential scientific underpinnings

Recognize that oversimplification of scientific research leads to misunderstandings about science




In-Class Activity 1: Handout and Instructor Copy: 
Which are Science?

Are the statements provided here examples of scientific knowledge, non-scientific knowledge, or something else? What helped you make your decisions?

1. What goes up must come down.

2. Herb teas made with valerian relax you.

3. Supreme being(s) exist(s).

4. Acceleration due to gravity on Earth is 9.8 m/sec2.

5. Frogs spawn in spring.

6. There is a hole in the ozone layer.

7. Alcohol causes cirrhosis of the liver.

8. Drinking alcohol is bad for you.

9. Seasons are caused by the Earth’s proximity to the sun.

10. When water boils, the bubbles are filled with air.

Which are Science? Instructor Copy

Are the statements provided here examples of scientific knowledge, non-scientific knowledge, or something else? What helped you make your decisions?

1. What goes up must come down. Frame of reference
2. Herb teas made with valerian relax you. Old wives’ tale, later found to be true – history of science, women in science implications

3. Supreme being(s) exist(s). Faith, either in a god, gods or aliens, vs. the observable, measurable, and testable nature of science; tentativity of science – if actual scientifically supported evidence of aliens arises, science will have to adjust

4. Acceleration due to gravity on Earth is 9.8 m/sec2. Knowing the average mass and radius of Earth applied to Newton’s law.
5. Frogs spawn in spring. Overly general language
6. There is a hole in the ozone layer. Over simplified concept
7. Alcohol causes cirrhosis of the liver. Difference between cause/effect relationships and correlational relationships; number of variables
8. Drinking alcohol is bad for you. Overly simplified terminology; difference between cause/effect relationships and correlational relationships; number of variables
9. Seasons are caused by the Earth’s proximity to the sun. Potential misconception based on “common sense” or even teacher inaccuracies

10. When water boils, the bubbles are filled with air. Inaccurate “common sense” overriding scientific knowledge; overly simplified terminology
Instructor Notes for In-Class Activity 2 

	Title:

	Who is a Scientist?

	Time:
	15 – 30 minutes

	Materials:
	Copies of labeled drawings of scientists either scanned into a multimedia presentation, uploaded to courseware like WebCT or Blackboard, or in hardcopy for use with a document reader.  If you would like to personalize this activity, you can ask students to draw and label scientists at the end of the previous class and turn them in so you can select from them for the presentation. Three examples are provided below. 

	Handouts:
	NA, drawings will be presented to the whole class.

	Procedures:
	This activity was used years ago to learn about student, and later teacher, conceptions of what a scientist is and does through allowing students to draw and label a scientist, quickly. A quick drawing like this tends to result in the stereotypical scientist. Such drawings can be analyzed in class and actual photographs of scientists in action contrasted to the stereotypical drawings (citation of draw-a-scientist research needed).

If you have time, you can give students a few minutes to draw their own scientist for comparison purposes. Put the drawings up for students to review. Point out such features on the, generally white male, scientist as the stereotypical lab coat, pocket protector, wild hair, glasses, chemistry lab equipment, comments about not caring about taking care of himself, etc. Ask students to compare the drawings of scientists to actual pictures of scientists from the web or, even better, from your own institution. Include pictures of scientists working in marine environments (chemists, geologists, biologists), in makeshift labs in tropical and desert arenas, on oil rigs, during formal presentations, on the space shuttle, and any other non-stereotypical site.

Suggested questions:

1. Why are you laughing?

2. Are these images familiar? What about them are familiar? Why?

3. Where do you think people get their image of scientists? How accurate do you believe that image is?

4. Are there aspects of your image of scientists that are not represented here? What are they?

5. How is this image different, other than the fact that it is a photograph, from the scientists we just saw?

6. What aspects of science and scientists are shown in these images that were not part of your stereotype?

Questions if students drew their own scientists:

1. Are these drawings similar to yours? 

2. How are they alike? How are they different?

3. Why is your drawing different from those presented here?



	Student 

Instructions:
	If you are going to have them draw a scientist:

You have five minutes to quickly sketch and label a drawing of a scientist. As soon as you finish or time is up, please turn in your drawing.

Starting the analysis of the drawings:

I’m going to briefly show you some drawings people have made of scientists. Then we will go back and review each drawing in more specific detail. 

	Specific 

Suggestions:  
	Some students are so used to seeking approval, when asked to draw a scientist, they will actively think of non-stereotypical scientists to draw. Others will have personal experience with a non-traditional scientist. Therefore, it is important to ask students why their drawing may be different. Generally, personal experience is required for people to avoid stereotyping naturally. Others may retain their stereotypes despite their “correct” drawing.

	Objectives:
	Face misconceptions about science and scientists.

Broaden understanding about the scientific endeavor and where, when and how science takes place.


In-Class Activity 2: Transparency - Draw a Scientist
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Instructor Notes for In-Class Activity 3

	Title:

	Science as an Endeavor

	Time:
	Some homework time for reading 30-60 minutes

Discussion in class – 15 -30 minutes

	Materials:
	Copies of books about doing science like Ravens in Winter, To Know a Fly, Longitude (if you consider the act of invention as a scientific endeavor), T-rex and the Crater of Doom, etc. available in the library. I’ve listed my personal favorites. I like Ravens in Winter because it is written in the manner of a mystery and the author, Heinrich Berendt, notes when one can skip the chapters about the library research and go on to the next chapter to continue the search. I like To Know a Fly, which I can only find through used book sellers, for its humor and the fact that it is an easy read for my students. Longitude is helpful for its historical value and the discussion of political machinations within science which makes science more human, especially to English and history majors.

	Handouts:
	Provide the reading guide to students at the end of class and indicate where the books to be used are available. Assign each student or group of students a different chapter to read, preferably using a variety of books. Students are to complete the reading guide and bring it to the next class. 

	Procedures:
	Introduce each book in class and give an overview of the book. Introduce or put a list up on the screen of the people who read different chapters from each book. Discuss issues from the books using the questions that follow.

Suggested questions:

1. Those of you who read about the beginning of a scientist’s research, what caused him/her to choose their research topic?

2. What challenges did your scientist face while doing the research?

3. Was there any discussion of the impact of the research on the scientist’s life? How did the research affect the scientist’s life?

4. Were you surprised about any of the information you learned about the process of scientific research? How long did you expect it to take to find answers to the questions the scientist was investigating?

	Student 

Instructions:
	Get the book you are assigned from the library and read your assigned chapter. As you read the chapter, answer the questions on the reading guide.

	Specific 

Suggestions:  
	Interestingly, I have had students accuse the scientists in biographical, particularly autobiographical, texts of being biased in their science because “it is just their life they are talking about.” The students had a great deal of trouble separating a scientists interpretations of others motivations from interpretations of data. For some students, when you make a scientist human, you take away her/his “superpower” of objectivity as regards data as well as any other, more personal, issue.

If you are willing to take on the issue of separation of personal bias versus objectivity with data, you can have part of the class read The Double Helix and another part of the class read Rosalind Franklin and DNA. Even the descriptions of the scientists in each book conflict, yet the data coincides.

	Objectives:
	Face beliefs about the nature of scientific research.

Link the nature of science to actual examples of research.

Place science and scientists in a social context.


In-Class Activity 3: Handout Reading Guide:

Directions:

Get the book you are assigned from the library and read your assigned chapter. As you read the chapter, answer the questions on this reading guide.

Name: 

Title of book:

Chapter of the book:

1. If you read about the beginning of a scientist’s research, what caused him/her to choose their research topic? If you didn’t read about the beginning what clues do you have about why s/he chose this research topic?

2. How long did you expect it to take to find answers to the questions the scientist was investigating?

3. What challenges did your scientist face while doing the research? How did the scientist overcome the challenges?

4. Was there any discussion of the impact of the research on the scientist’s life? If so, how did the research affect the scientist’s life? If this wasn’t directly discussed, how do you think his/her life was affected based upon your readings?

5. Were you surprised about any of the information you learned about the process of scientific research?  What surprised you or was different from what you initially expected?
Instructor Notes for In-Class Activity 4

	Title:

	Science is Everywhere

	Time:
	5-10 min. once a week

	Materials:
	Students bring in articles about science from news sources (magazines, newspapers, internet sites)

	Handouts:
	NA

	Procedures:
	Once a week, allow time for students to present an article that they read. Ask the student to provide you the article ahead of time so that you can assess what questions you should ask the class about the information in it. Depending on the size of the class students can be given a certain week for which they are responsible so that all students can participate for a grade or participation can be for a small amount of “extra credit.” 

This assignment can also be structured so that they students must assess the science in the article in order to be able to present it, especially if it for extra credit.

	Student 

Instructions:
	Look in a variety of news sources to find and review science articles for class. Turn the article in to your professor the class period before you would like to present.

	Specific 

Suggestions:  
	Local newspapers can provide interesting articles for discussion. A friend told me about an article from a small town newspaper that described the winning project in the local science fair. The student wanted to determine the effect of different types of music (hard rock, country, hip hop, pop and Christian) on plant growth. The student placed the “hard rock” plant in a closet and watered it with one ounce of water a day, The “country” plant was in the bathroom and watered with 2 ounces of water a day, etc. This particular article provided fodder for a more extensive discussion about variables, bias and potential sources of it, general level of public knowledge about science, media reporting of science and issues of teaching science. 

	Objectives:
	Explore the wide range of areas that science impacts.

Recognize science in action.

Explain how knowledge of science is necessary for informed citizenship.


Lecture Lead-Ins
Use the first day of the semester for more than administrative details; set the tone for a new semester.  While most or all of the students using this textbook will be non-science majors, they still know some science.  They certainly have opinions about science in general and the college requirement that likely brings them to your classroom.  They may also have preconceptions, past experiences and belief systems that may affect the way that they will interact with the material in chapter 1 and the course as a whole.  The first day is a good time to get students to think like a scientist.

One of the most crucial components of scientific thinking is to be able to ask a measurable question.  One way to begin this process is to pose some dilemma and allow the student to make observations and then design a question he/she might have about the process.  An interesting place to begin is with a “discrepant event.”  This is a demonstration that appears to be counter intuitive.  For example, take two transparent containers (beaker, plastic cup) and fill one with rubbing alcohol and the other with tap water.  The two containers will appear identical.  Ask students to make observations as you place an ice cube in each container.  (The ice cube will float in water and sink in alcohol).  Now have students think about what is going on and design a measurable question to test this phenomenon.  

Engaging students in the scientific process from the very beginning of their study of science encourages them to continue to ask questions.  Most students will be flattered that you have taken the time to allow them to THINK before you begin telling them facts and figures.  You can also discover useful insights, common misconceptions, and attitudes that may help you slant material in a particular direction.  Once you have the questions students have posed, you can read out loud a few anonymous responses. As a class, decide if the question is one which is scientifically testable or is it one which is a judgment or beyond the realm of scientific testing.  Commonly students will ask:  What are the two liquids in the containers?  OR Why did the ice cube float in one container but not the other?  Other students may ask:  Isn’t ice floating in a liquid beautiful?  As a group, decide which of these questions could be answered through investigation or scientific testing. 

Leading with an opportunity for students to make observations and develop questions related to the scientific method can guide you smoothly into the heart of the first chapter.

Active Learning Ideas
Tabloid science
Tabloids available at any grocery checkout are filled with all sorts of miraculous “scientific” reports and cures.  Pick up several different tabloids or make xerox copies of favorite articles.  Have students working in groups read the articles and then decide if the work described meets the standards of science.  If they were investigating the phenomenon described in the article, what measurable questions would they need to ask, how could they go about answering those questions, what types of evidence would support or refute the hypotheses under consideration?  Students love this activity because the articles are often outrageous and they get a chance to interact with other students in the class.  At the same time, they can apply what they've learned about science and the way it works.  Have at least some of the groups briefly share their articles and conclusions with the entire class.  Some will make good points that others missed.  You could also extend this to a written homework assignment.

Your personal horoscope
Many students believe that astrological signs can predict personality types.  Tell your class that you would like to conduct a scientific test of astrology.  Ask a group of students to provide exact date, time, and place of birth.  At the next class period, distribute individual personality descriptions to each student.  Ask the students to read these to themselves and then state how well the descriptions match their personalities.  Many will express surprise at how well you have predicted their personality traits.  All the students, however, should receive identical personality descriptions.  After revealing your deception, ask the students to list factors that allowed you to trick them.  These may include your position of authority, the set-up of a scientific experiment just as you covered scientific method in class, the specificity of birth date and place requested, the generality of the personality profile returned, and a tendency to notice the traits that fit while ignoring those that didn’t.  You might then consider whether similar factors could affect the interpretation of the results of true scientific experiments.  How do scientists attempt to guard against their prejudices?  Why are drugs tested in double-blind protocols?  Does a scientist’s identity, affiliation, or previous success affect how others may view a controversial new proposal?

The personality profile distributed to students should be general.  When specifics are given, provide for exceptions. Play to the hopes and insecurities that we all share. “An analysis of your birth star chart was conducted to provide this description of your personality traits.  Your chart shows that you have the interests and abilities to succeed in many areas.  Your academic interests have evolved in recent years.  This trend is likely to continue.  Although you will find success in one profession, you will eventually find other areas more fascinating, and move on.  You find new challenges exciting, but still sometimes worry that you may not be able to live up to the expectations of yourself and others.”  As such a description continues, everyone will find some traits that fit.  You can also slant such descriptions to the personality of your institution or class.  Students at your institution may be highly competitive, or may have overcome difficult circumstances just to reach college.  Your class may be composed of students headed to a particular type of major, or still undecided in major.

Lecture Extenders
Creationism vs. Evolution
Many of us struggle with perceived conflicts between various “ways of knowing” and most especially with perceived conflicts between science and religion.  Creationism or creation science is one attempt to resolve this conflict.  Is it science?  Is it religion?  An exploration of this topic may help students reach a better understanding of science, its methods, and the questions it can address.  The topic remains timely.  In the last five years the state of Kansas adopted and then later rescinded new K-12 science standards that remove all mention of evolution from the classroom and make the teaching of related topics such as plate tectonics that might contradict a “young Earth creation” model optional.  See “Kansas Cuts Evolution from Curriculum,” Science News, August 21, 1999, p. 117 and “Inherit an Ill Wind,” The Nation, October 4, 1999, p. 25 for a summary of the Kansas debates.  See also “15 Answers to Creationist Nonsense,” Scientific American, July 2002, p.  78, “Don’t mention Darwin” in New Scientist, August 21, 1999, p. 4, and “Chained to the Devil’s throne: evolution and creation science as a religio-political issue,” by Frances R.A. Paterson and Lawrence F. Rossow in The American Biology Teacher, May 1999, p. 358.   Darwin’s Black Box, written by biochemist Michael Behe, is perhaps the best-known book promoting creation science as science.

Stop and Think! Answers
Page 13  It is extremely difficult to imagine a way to falsify created antiquity because no matter what “proof” is offered, the skeptic will simply insist that the new piece of information was formed in a way that deceives us. 

Discussion Questions
1. Advocates of Creation Science, widely regarded in the scientific community as a pseudoscience, in turn describe Evolution as tantamount to a religious belief that requires faith to be considered true. What evidence can you think of that supports Evolution as a theory and what do you think could potentially falsify it? Likewise, what do you think could falsify Creation Science?
Ans:

· There is abundant evidence of evolution including, but not limited to: evidence in the fossil record, homologous structures, vestigial organs, the genetic code, chemical makeup of the cell, evidence from embryos.

· Potential evidence to falsify could include life using a different genetic code or cells without a membrane or cytoplasm. 
· Creation science does not involve experimental investigation and does not construct theoretical explanations based on observations.  Accordingly, there are no verifiable predictions.  In essence, since there is no means of proving it wrong, it is outside the realm of science. 
2. Which of the following statements could be tested scientifically to determine whether it is true or false? 

a. Women are shorter than men. 

b. Most of the Sun’s energy is in the form of heat energy. 

c. Unicorns are now extinct. 

d. Beethoven wrote beautiful music. 

e. Earth was created over 4 billion years ago. 

f. Earth was created in a miraculous event. 

g. Diamond is harder than steel. 

h. Football is a better sport than baseball. 

i. God exists. 

Ans:

a. Women are shorter than men.
b. Most of the Sun’s energy is in the form of heat energy.

e. Earth was created over 4 billion years ago.

g. Diamond is harder than steel. 
3. What role did observation play in the creation of the periodic table by Dimitri Mendeleev?

Ans:

· Mendeleev's observations of patterns inherent in the known elements led to the creation of the periodic table.  

4. In 1935, Yukawa Hideki predicted the existence of a subatomic particle known as a “meson” and described some of its expected characteristics. Following the discovery of such particles bearing those properties, Yukawa was awarded the 1949 Nobel Prize in Physics. Subsequently, Yukawa’s rationale for the existence of the meson was shown to be wrong. Would it be reasonable to say Yukawa’s meson theory failed to advance our understanding of sub-atomic physics?
Ans:

· That would not be reasonable, striving to “disprove” a prediction is the essence of the scientific method which ultimately, in this and every case leads to improved methods and better science.  

5.   Did William Harvey use the scientific method in finding how blood circulates in the human body? If so, how? If not, why?
Ans:

· Harvey used a series of observations (appearance of color) and experiments (tunicates) to establish a hypothesis about blood flow in the body. 
6. Categorize the following examples as basic research or applied research.
a. the discovery of a new species of bird.

b. the development of a more fuel-efficient vehicle. 

c. the breeding of a new variety of disease-resistant wheat. 

d. a study of the ecological role of grizzly bears in Yellowstone

National Park. 

e. the identification of a new chemical compound. 

f. the development of a new drug for cancer or AIDS patients. 

g. the improvement of wind turbines for energy production. 

Ans:

a. the discovery of a new species of bird.  Basic

b. the development of a more fuel-efficient vehicle. Applied

c. the breeding of a new variety of disease-resistant wheat. Applied

d. a study of the ecological role of grizzly bears in Yellowstone

National Park. Basic

e. the identification of a new chemical compound. Basic. 

f. the development of a new drug for cancer or AIDS patients. Applied

g. the improvement of wind turbines for energy production. Applied

7. Issues involving climate science play a significant role in American political discussions and the development of economic policy. In your opinion, how significant is the scientific consensus on this issue in determining public policy? 
Ans:
· Given this is an opinion question, answers are numerous and will vary.
· Either side of the argument can use the absence of a consensus to bolster their argument
· The process of the scientific method fosters an evolving theory which often implies weakness to non-scientists.
· The cynical view is that public policy is rarely a result of scientific consensus, but rather the will of contributors, lobbyists, etc.
8.  Many products claim to “lower cholesterol” and promote a “healthy heart”. How might you test these statements in a laboratory? Would this be a form of basic or applied research? 

Ans:

· Operational definitions of a “healthy heart” would be the first step. 

· Obtain a sample population with high cholesterol level.

· Randomly place half the group into the experimental condition (i.e., the participants using the ”product”) and the other half would be the “control group”.

· Take baseline measurement: Test cholesterol levels prior to the experimental period. 

· Control the dietary intake and physical activity of both the experimental and control group.

· Measure cholesterol levels after the experimental period is over.

· Statistically analyze data to detect differences in cholesterol levels.

9.  Research into human genetics is starting to allow scientists to manipulate the human genome. While this ability has the potential to minimize or even eradicate congenital diseases, it may also be used to manipulate non-medical conditions such as eye color or height. To what extent should religious, moral, and ethical beliefs play a role in determining limitations on genetic manipulation?
Ans:

· There is no “right or wrong” answer for this question.  Nevertheless, science evolves best when religious and/or moral beliefs are used to influence polices based on science rather than influencing the science based on religious and/or moral beliefs. 

10. Isaac Newton once said, “If I have seen further, it is by standing on the shoulders of giants”? What does this statement tell us about the way that science progresses over time?
Ans:

· His research and findings were the result of millennia of observations and scientific endeavor from Ptolemy to Galileo.

11. Which branch of science do you think has had the most impact on your day-to-day existence? Describe instances in your daily life where you use the results of physics, chemistry, biology, geology, and astronomy
Ans:

· Many possible answers.

12. Are both basic and applied research necessary? Which should get more funding from the Federal Government?

Ans:

· Yes, both basic and applied are necessary. Basic research provides the “raw material” for the applications that benefit humankind.

· Funding should be determined by the current and future needs of society.

13. Why is “peer review” so important to the scientific community? Is the peer review system overly stifling or onerous? If so, how could it be improved without impairing its current utility?
Ans:


Other scientists can learn from your studies, they can have guidance as to what may be sound, 
reasonable logic and experimentation and what might be already known (sometimes to be false).  
14. Several individuals such as Aristotle and Leonardo da Vinci have been described as “the last person to know everything worth knowing.” One of the most recent persons to be realistically ascribed this title is Thomas Young, an English polymath who died in 1829. What do you think is the minimum number of people nowadays you would need whose combined body of knowledge encompasses “everything worth knowing”?
Ans:

· Many possible answers. Certainly more than one person.
15. An American football star from the 1970’s and 1980’s, Lyle Alzado, had begun using steroids in the late 1960’s. He blamed the use of steroids for the brain tumor that led to his death at age 43. However, current scientific research doesn’t show a statistical correlation between steroid use and the development of brain tumors. Does this negate Alzado’s contention about the cause of his death?
Ans:

· There is a difference between negating his claim, and not supporting it. This evidence does not support his claim.
16. The German-American rocket scientist Wernher von Braun was once quoted as saying, “Basic research is what I am doing when I don’t know what I am doing.” What do you think he meant?
Ans:

· If the evidence is leading him in a direction counter to his premise, he will follow the evidence to where it leads him even if he doesn’t underhand why the data is occurring as it is. 
17. After getting approval to perform tests on humans, a pharmaceutical company devises an experiment to test the level of impairment of mental acuity people experience after consuming a certain drug by having them take a test with differing amount of the drug in their systems. Which of the following best describes the control group for this experiment?

a) People who take the highest dose

b) People who take the lowest dose

c) People who take no dose

d) People who don’t take the test
Ans:

· c 
18. Prior to the discovery of oxygen as a chemical element, the theory of why materials burned was known as the “Phlogiston Theory.” This theory said that a substance that could be burned contained phlogiston, which was consumed in the process of combustion, leaving behind the non-phlogiston residue. How could the Phlogiston Theory be falsified?
Ans:

· by discovering a component of all materials that burned that was also present in the residue.
19. Consider an experiment in which you drop an ordinary sheet of paper and then drop the same sheet of paper but after it has been crumpled up. Devise a hypothesis for this phenomenon and then make predictions of possible experiments based on it.
· Many possible answers.
Review Questions

1. How have human beings benefitted from science in the past?
Ans:

· Science allows humans to understand, predict and allow productive interactions with our physical surroundings.

2. In what ways does your everyday life involve science?
Ans:

· Science plays a role in almost every facet of our lives 

· The technology that one uses.

· Medical care, sanitation, refrigeration, etc.

3. How might the ancient Greek philosopher Plato, a medieval scholar at Oxford, and the Italian scientist Galileo have differed in the importance each placed on the role of rational processes, observations, and received wisdom in the study of nature?

Ans:

· Plato, as a rationalist, placed little importance on observation and received wisdom. The medieval scholar placed the greatest emphasis on received wisdom and authority. Galileo was among the first to rely primarily on observation and relegated the other two "ways of knowing" to secondary roles.

4. How is observation different from imagination?

Ans:

· Imagination needs the corrective influences of reality (i.e., publically observed phenomena). Anything is possible in the imagination, whereas natural laws constrain observation.

5. How might a scientist find patterns in nature? By what means might he or she determine regularities?
Ans:

· Nature is our physical surroundings.  Scientists make observations of these surroundings and identify its patterns.  Regularities are determined by comparison to other systems in nature. 

6. Why is mathematics considered the “language of science”?
Ans: 
· Mathematics provides a medium or “language” to understand and communicate the observed patterns inherent in nature.

7. Write an equation in words and then in symbols for the following sentence: The price of coffee beans is equal to the weight of the beans times the price of the beans per pound.

Ans:

· Total price  = Weight x Price per pound 

· Note: Many symbols are possible. $$$ = lbs x $/lbs

8. What are the steps in the development of a theory?
Ans:

· A theory is a hypothesis that has withstood the test of time by numerous experiments and predictions within the scientific method.
9. What are the branches of science? In terms of the “Web of Knowledge,” how are they organized?
Ans:

· Physics, Chemistry, Astronomy, Geology, and Biology are the main branches.

· All branches of science are interrelated, and most natural processes can only be effectively studied with an integrated approach. 

10. Describe the steps of the scientific method.

Ans:

· Pattern identification, hypotheses, prediction, observations, experimentation, and data.  
11. Describe the roles of hypotheses, theories, and predictions in the scientific method.

Ans:

· Hypotheses are educated guesses about how the world "works". They are derived from facts and verified observations. Theories are well-substantiated descriptions of the world that incorporate hypotheses and observations into a larger conceptual framework. Predictions are the test of hypotheses and theories, and as such provide falsifiability.  

12. Describe the difference between an observation and an experiment.

Ans:

· An experiment allows for control of the observational experience. All experiments necessitate observation, but most observations are not within the confines of an experiment.

13. Why can we think of the scientific method as a cycle
Ans:

· The process of science is continuous. No single observation or experiment is sufficient. 

14. What does it mean to say that not all questions can be answered using the scientific method?
Ans:

· If there is no means of proving the question wrong; it is outside the realm of science
15. What does it mean for a statement to be falsifiable? Give an example of a statement that is not falsifiable.
Ans:

· In order to verify the scientific process, a scientist tries to disprove a hypothesis or find the hypothesis to be false. 
· Many examples are possible

16. Describe the difference between basic and applied research. Give examples of basic and applied research that might be undertaken on transportation and on health.

Ans:

· Basic research: Understanding how the world "works".

· Applied research: Applying the results of basic research to specific commercial or industrial goals.

· Many examples are possible

· Transportation

· Basic: Researching the airflow over a wing at supersonic speed.

· Applied: Altering the shape of a wing to achieve greater lift.

17. In what ways do scientists communicate with their colleagues? Why is peer review and communication amongst researchers an essential ingredient in scientific progress? 

Ans:

· Direct collaboration/conversations, 

· Peer reviewed journals and conferences.

· Peer review

· Allows replication

· Provides a system of checks and balances on researchers by identifying mistakes and shoddy or dishonest work

· Stimulates continued research

· Provides a medium for competing hypotheses 

18. Describe the steps a scientist would take to obtain funding for a research project. What sources of funds might be available? What role would peer review play in the process?

Ans:

· Find an appropriate funding agency

· Write a grant proposal
· Government funding, special interest groups, and private foundations.
· Peer-review assures that only competent researchers are funded.
Answers to Problems
1. The data could be represented in several formats.  One way to organize data is to construct a data chart.  The daily caloric intake can be placed in a table showing date in one column and caloric intake in the next.  This data can then be displayed in a graph to provide a visual representation.  Graphs are especially useful in observing trends, interpolating between points, and averaging multiple measurements.  For this data, a bar graph or an x-y graph are equally valid.  An x-y graph is often preferred when the data is continuous (such as caloric intake) or we wish to show multiple measurements of the data or deduce a mathematical equation relating the quantities.  More data is always better, especially when the extra data fills gaps, extends the limits, or is clustered in a crucial area.  She might also wish to consider measuring her weight, hours of sleep, amount of time exercising, etc. to give her a fuller description of caloric consumption and usage
2.  
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The results and appearance of your graph will vary.  Is there any connection between class subject and the typical enrollment of males and females?  

3.  In describing music, students will generally use the sense of sound, sight and touch to come up with 10 descriptive adjectives.  In using numbers, you could measure many things: vibrations of the song, length, number of instruments/voices, etc.   

4.  The steps in the scientific method must be applied.  In order to conduct a scientific investigation about, a series of data need to be collected.  What dates and times of day did the event occur?  What did everyone claim to see?  This data will allow you to identify patterns in the observations.  This claim revolves around a one month period.  Is there any type of events in the area that correlate with these observations?  (Weather balloons, airforce/airline testing, etc)

Any experimental design would have to have sufficient controls in the variables.  (Various places of inspections, ability to capture event with camera, etc) Since the observations have only occurred this month, it will be difficult to conduct numerous trials.  

If patterns are found among certain variables (weather condition, etc) some predictions might be testable with past recorded data.
5.  b
More Practice Questions and Problems
1.  A mother refuses to let her child attend the same third grade class with a child known to have AIDS until doctors can assure her 100% that there is no way her child could contract AIDS from the other child in a classroom setting.  Is it possible for doctors or other scientists to assure anyone that something is the absolute truth?  Explain.

2.  Explain why each of the scientists described below is doing poor or invalid science.

a. A psychiatrist develops a means for analyzing individuals' personalities from physical measurements and three-way photographs.  He then claims that no one other than he has the ability to make the analysis.

b. An experimenter hypothesized that if A is true then B must follow.  He does an experiment and learns that C (not B) is the outcome, but continues to argue that A must be true.

c. A botanist hypothesizes that high levels of magnesium will make corn sweeter.  He plants some corn, gives it lots of magnesium, and finds that the corn does taste sweet.  He reports that he has proven his hypothesis.

d. A chemist is trying to develop a new type of rubber that is especially bouncy.  To meet the requirements of his application, a ball made from this rubber must bounce back up to 90% of the height from which it was dropped.  He drops a ball of this new rubber from a height of 1 meter repeatedly.  He records the height of the bounce for each trial: #1 (0.96 m), #2 (0.97 m), #3 (0.95 m), #4 (0.93 m), #5 (0.90 m) and #6 (0.85 m).  Although in the last trial the ball only bounced to 85% of its original height, he decides that the rubber is fine.  He discards the last piece of data since it is probably just an error due to his arm getting tired.

3.  You have made a very important scientific discovery.  What are avenues that would allow you to communicate your breakthrough with the scientific community?

Connecting Ahead
1.  Look ahead in chapter 3 for the section titled, “Science in the Making: Discovering the Nature of Heat.”  What was it that allowed Thompson to advance our understanding of heat?  
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Lecture Outline
Science is a way of asking and answering questions about the physical universe.

I.  Science Through The Day: Sunrise

II.  The Role of Science

A.  Making Choices

B.  Why Study Science?

III.  The Scientific Method

A.  Observation

B.  Identifying Patterns and Regularities

C.  Mathematics, the Language of Science

D.  Development of a Theory

E.  Prediction and Testing

Every theory and law of nature is subject to change, based on new observations.

F.  The Scientific Method in Operation

G.  The Ongoing Process of Science:  The Duke Forest Experiments
H.  Science in the Making:  Dimitri Mendeleev and the Periodic Table
I.  The Science of Life:  William Harvey and the Blood’s Circulation
J.  Science by the Numbers: The Circulation of the Blood

IV.  Other Ways of Knowing

A.  Different Kinds of Questions

B.  Pseudoscience

C.  Science by the Numbers:  Astrology

V.  The Organization of Science

A.  The Divisions of Science

B.  The Branches of Science

C.  The Web of Knowledge

D.  Basic Research, Applied Research, and Technology

E.  Technology: SETI@Home

F.  Funding for Science

G.  Communication Among Scientists

VI.  Thinking More About Basic Research
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