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	CHAPTER 4

Learning about Learning

ACTIVITY 5 HW:  The Nature of Science


Chapter 4

Activity 5 Homework


Name:________________________________   Date:_______________  Group: ______

Purpose

Throughout this cycle you have made predictions, expressed your own ideas, considered the ideas of others, and tested ideas. The purpose of this activity is for you to reflect on the experience of developing scientific ideas and to compare this to the process by which scientists generate scientific knowledge. You will make this comparison by considering myths that are common among adults and children regarding scientific knowledge, and use your own experiences in class to debunk these myths. This activity should help you see that learning science as a student can have many of the same characteristics as learning about the world as a scientist.

Initial Ideas

You expressed your initial ideas in Chapter 1 Activity 1 Homework (C1A1 HW) where you were asked to agree or disagree with the myths contained in the article, Common Ideas and Myths about the Nature of Science. It is likely that you disagreed with many of these myths. In this activity you have the chance to see how your own experiences learning science can serve as examples to support your explanations from C1A1 HW.  Your instructor will hand out your answers to the questions in C1A1 HW. 

Collecting and Interpreting Evidence
In the article Ideas and Myths about the Nature of Science, several common ideas or “myths” about how scientists create explanations for their observations are discussed. Your evidence for this activity will come from your own experiences in constructing ideas in class. Fill out the table below by providing examples from your own experiences to debunk these myths. Refer to the article for elaborations on each myth and the scientists’ ideas associated with each myth. The article is attached at the end of this homework.

	Myths about Science Knowledge
	Below, describe an experience from class that can help debunk the idea on the left.

	If experiments are done correctly and carefully, they will be able to prove an idea to be correct.
	

	Science knowledge is developed through careful procedures and experiments. Creativity does not really factor into what ultimately becomes science knowledge. 


	

	Once accepted by the scientific community, scientific ideas are considered facts.
	

	Scientists are particularly objective. They rarely draw on their personal experiences or beliefs when they generate scientific knowledge. 
	

	If a new science idea is supported by evidence, other scientists typically embrace it and the idea quickly becomes an accepted scientific idea.
	

	Science is largely a solitary pursuit. Most of the well-known science ideas resulted from a scientist’s experiments in his or her lab.


	

	Only certain types of people can do science. 


	


Summarizing Questions

S1. In Chapter 1 Activity 1 homework you addressed the same myths in terms of how scientists learn. In this activity you debunked the myths by discussing how you have learned science.  In what ways do you think the way you learn is similar or different to the way scientists learn?

S2. In many science classes students consider their ideas to be good if they receive high marks on their homework and tests. In this class, are the criteria for whether an idea is good similar or different? Provide an example to support your answer. 

S3. Pick two of the answers from your C1A1 HW1 for which you would like to change your answer and/or your reasoning. How would you change them and why?

S4. Why might it make sense that scientists spend a lot of time trying to prove their ideas wrong? 

Common Ideas and Myths about the Nature of Science

Most adults have taken a science class at some time in their lives. Many people are aware of the periodic table, Darwin’s theory of evolution, plate tectonics, and Newton’s laws. Fewer people are aware of how this knowledge came about and the processes that the scientific community actually went through to arrive at ideas that are accepted as scientific knowledge and are reported in science textbooks.

The “Scientists’ Ideas” sheets describe many historical episodes that illustrate the process that scientists have gone through to arrive at ideas. The purpose of this paper is to summarize relevant common ideas about the nature of science that adults and children develop throughout their lives and through schooling. All of the common ideas discussed here have been described as “myths of science” in other articles (McComas, 1997). McComas referred to these common ideas as “myths” because they are pervasive within our society and they paint a picture of science that is very different from what scientists actually believe about the nature of science.

While all scientists and science educators may not agree on the exact definition of the “nature of science,” there is general consensus regarding the ideas discussed here. The nature of science has been defined as “a way of knowing, or the values and beliefs inherent to the development of scientific knowledge” (Lederman, 1998). 

This paper is organized in sections that first present a common idea or myth that adults and children tend to hold. This is followed by a brief discussion about how scientists’ views differ from these common ideas.

Common Idea (myth) 1: Evidence Accumulated Carefully Will Result In Sure Knowledge

Scientific investigations rely heavily on the careful accumulation of evidence.  People often believe that this means that science and its methods will provide absolute proof of an idea, theory, or hypothesis. The problem is that when dealing with observations it is impossible to accumulate enough evidence to conclude for sure that a particular idea will always hold true.  McComas (1997) offers a useful example: On the basis of extensive observations, a scientist may hypothesize that all swans are white. She may search the world and observe only white swans. She may then predict that the next swan she sees will also be white, and find that she was correct. Many other scientists may then be convinced by the observational data and they may all agree that the white swan idea is a good one. However, only one black swan needs to be discovered in order to prove the whole idea wrong. But if this black swan is not seen or reported, people may go on thinking that the white swan idea holds true. Scientists’ typically believe that their ideas or theories may have great predictive power, that is, they are very useful for predicting future events. However, scientists understand that theories may or may not consist of the full truth of reality. Science ideas are useful to the extent that they can help scientists predict future events and explain observable events. 

Science ideas are taken as useful and accepted by the scientific community not only on the basis that available evidence supports the idea but also on the basis of consensus among scientists that the idea is useful and that no better idea has emerged. In fact, it is quite common for scientists to meet at conferences to present data and argue which of several ideas has more predictive and explanatory power. 

Common Idea (myth) 2: A Hypothesis is an Educated Guess

The term “hypothesis” is often thought of as having the same meaning as the term “prediction,” and both are often thought of as an “educated guess.” However, in science, a “hypothesis” and a “prediction” are two different things, although they may be closely related. 

A prediction (or what might be called an educated guess) is a statement about what you think will be the specific outcome of a situation or an experiment. A prediction should be based on (guided by) one or more ideas or a model. If the prediction turns out to be correct, then the idea(s) on which it is based need not be changed. 

A hypothesis, on the other hand, is a much more general idea, or model, that is used to design situations in which predictions can be made. A hypothesis is used for choosing what data to pay attention to, what additional data to seek, and it guides the interpretation of data (AAAS, 1993). For example, children are often required to state their hypotheses in science fair projects. This is because it can help them design an experiment to test predictions. Consider a child who has seen his dad use bug spray to get rid of bugs. The child also noticed that flies in the house seem to disappear whenever his dad cleans the bathroom and sprays air freshener. The child hypothesizes that there is something in the air freshener that acts like bug spray. He then designs an experiment to test this hypothesis. He gets a shoe box, puts a cardboard divider in the middle of the box and cuts a hole in the divider. He captures several flies, puts them in one side of the box, and closes the lid. He makes the prediction that if he sprays air freshener in the side of the box with the flies, the flies will go through the small hole in the divider to the other side of the box to get away from the chemical. If the child found that his prediction was correct, he would have collected some evidence to support his hypothesis. However, he found that his prediction was incorrect. The flies just flew around in the box as they did before he sprayed the air freshener. Sticking to his hypothesis, he decided that there was something wrong with his experiment, so he performed the same experiment, this time with the bug spray. He found that indeed, the flies did go through the little hole to the other side of the box. He concluded that because his prediction about the air freshener was wrong, there must be a problem with his initial hypothesis. So, he generated a new hypothesis.  This time he hypothesized that it is another cleaning agent that his dad uses when cleaning the bathroom that acts like bug spray. Things to think about: what experiment(s) could he design to test this hypothesis, and what predictions would it lead to? What other hypotheses might he have generated?

A prediction can be shown to be correct or incorrect. A hypothesis, like a model, cannot be proven to be true, although substantial evidence can be collected to support it. A hypothesis can, however, be proven incorrect if it leads to incorrect predictions.  If scientists find that a hypothesis continues to lead to accurate predictions, and is consistent with accepted theories, they might accept the hypothesis as a useful model for explaining some aspect of the world. While a hypothesis can be used to make predictions, it is not the prediction itself.  A scientific prediction is based on a hypothesis or model.
Common Idea (myth) 3: Science is Procedural more than Creative

Many people believe that as long as scientists use sound procedures, the evidence speaks for itself and would lead all people to the same conclusion or explanation. Assuming that procedures and methods are considered to be sound, scientists often do agree on what the evidence is. However, there is more controversy over what the evidence means. For example, when a magnet is cut in half, experimental evidence shows that each piece of the magnet now has two poles that behave differently. There is little disagreement on this repeatable experimental result. What this result means is subject to the informed creativity of the person interpreting the evidence. In the history of science there have been many attempts to explain what experiments like this might mean and several clever and creative ideas have emerged. Explanations have ranged from the 17th century idea that an invisible substance flows through magnets in a specific direction, to the currently held idea that tiny magnets exist within the magnet and these tiny magnets align themselves with the surrounding magnetic field (the domain model of magnetism). Both of these ideas were supported by available evidence but they are only two of many possible explanations of how magnets might work. Scientists have come to a consensus on the domain model of magnetism because it has predictive power, because it explains all the evidence that is available at this time, and because it is consistent with other accepted theories of matter. 

Procedures are important in science but human creativity and imagination also play a significant role in explaining the meaning of the evidence that results from careful procedures.  The common idea that science is procedural more than creative gives rise to the common idea that scientists’ ideas are absolute.

Common Idea (myth) 4:  Scientists’ Ideas are Absolute

People of all ages often view science knowledge as “fact” or as absolute truth. 

When we understand that many of the science ideas that end up in textbooks are creative models that were consistent with all of the evidence available at the time, we can begin to see the tentative nature of these ideas.  As new instruments are developed and more precise measurements are made possible, scientists gain access to evidence that was not previously available. In addition, development of theory in other areas often leads to questions that were not previously asked. When scientists ask new questions, they develop experiments that have not been done before. This also leads to new evidence. As more evidence becomes available, ideas that were once accepted by the scientific community become subject to change. This is clear in the history of science. 

In the 4th century to the 17th century, the science idea that an object can maintain a constant speed only if a constant force is applied was accepted by most people. The associated idea that objects slow down and stop because of their natural motion was also believed to be true. It was not until the 17th century that people began to ask new questions, perform new experiments, and collect new evidence about the motion of objects. As a result of the new evidence, science ideas began to change to what we now know as Newton’s laws of motion. Newton’s laws of motion were challenged in the 20th century as a result of advances in theory, instrumentation, and creative thought.

Common Idea (myth) 5: Scientists are Particularly Objective

The common idea that scientists are particularly objective is related to common idea 1, that evidence accumulated carefully will result in sure knowledge. It was stated earlier that, often, most scientists agree on what the evidence is.  However it must be understood that this agreement takes place within a culture and community that is accustomed to a particular way of thinking and is guided by particular theories that exist at a given time. 

For example, from the 16th until the late 19th century, scientists utilized the concept of “ether,” an invisible substance that transmitted just about everything from magnetic influence to light. Since scientists perceived the world through this lens, the observations they made led them to “see” evidence that was closely associated with this theory of an invisible substance.  When scientists make observations, certain features are deemed unimportant or are not seen at all, depending on the scientists’ theoretical perspective. In addition, the theoretical perspective that is used by a scientific community leads scientists to ask only a limited set of questions closely associated with the theory. This, in effect, limits the total set of answers and explanations that can be made. 

For example, in a famous experiment in the late 19th century, scientists Michelson and Morley asked a question about how the motion of the Earth through the invisible substance called ether affected the speed of light. This question was driven by the assumption and belief that there existed such a thing as ether. Michelson and Morley’s made careful observations that led to the conclusion that the speed of light was always the same! It did not depend on the invisible substance! This finding opened up the possibility of a whole new set of questions, experiments, and observations that no longer involved the concept of ether. 

This experiment became famous partly because it challenged the prior knowledge that most scientists were using to guide their observations, experiments, and explanations. Scientists, like all people, approach a situation with a rich set of prior knowledge and they use this prior knowledge to design experiments and interpret results. The experiments they design, and therefore the observations they make, are tied to their way of viewing the world. It is impossible to remove ourselves entirely from the theories and ideas that implicitly guide our thinking. These theories and ideas are often part of a larger culture that is accustomed to a particular way of viewing the world. Although we may try very hard to be objective, it is important to recognize that observations are situated in a larger social context.

Common Idea (myth)  6: Acceptance of Science Knowledge is Straightforward

This common idea is associated with the belief that the scientific community immediately adopts a new way of thinking when new evidence contradicts their old way of thinking. The acceptance of evidence that contradicts the contemporary way of thinking is usually not quite so straightforward and is often met with a large amount of resistance.  For example, when Michelson and Morley performed their famous experiment discussed above, most scientists (even they themselves) did not believe it. Scientists repeated the experiments over and over and they examined the experimental apparatus for problems to convince themselves that there was something wrong with the experiment. This way they could preserve their current scientific way of thinking in terms of ether. 

It took time for the scientific community to abandon the ether model and to begin to think of new ways to explain magnetism, light, and action at a distance. Some historians of science argue that many scientists never abandon their old way of thinking because they are so attached to it, and because their careers are based on it. Science historian and philosopher, Thomas Kuhn (1962) argues that in some cases, scientists who have refused to adopt new ways of thinking simply have to die off and make way for new scientists with new ideas.  The idea of fields which is now used to explain things like action at a distance, magnetism, electricity and other phenomena did not gain acceptance until many years after the Michelson-Morley experiment. It took time, accumulated evidence, and much theoretical, mathematical, and conceptual argumentation before the idea was accepted.

The fact that people’s ideas are resistant to change can also be seen in the science classroom. Students have ideas about how the world works when they come into the science classroom. Even in the face of experimental evidence, they often have difficulty accepting evidence that contradicts their current beliefs. It usually takes some time, accumulated evidence, and argumentation in order for new ideas to gain acceptance, and old ideas to become modified by students.

Common Idea (myth) 7: Science is a Solitary Pursuit

When people think about how science knowledge is developed, they often picture a scientist in a white lab coat, isolated from society, working for hours and hours alone in a lab. We often think about a very intelligent person with messy hair who suddenly “discovers” something new all by himself. It should be evident from the discussion in this paper that this is not always the case. While scientists do work for hours and hours in labs and in the natural environment, science ideas are not simply discovered and immediately accepted by the scientific community. Instead, consensus plays a very large role in the adoption and acceptance of what we know as scientists’ ideas. An idea must not only be consistent with evidence but also the entire scientific community must be convinced that the idea is a useful one. The scientific community then uses the new ideas to guide their research, to ask new questions, and to design experiments.  

A scientific idea is often developed through collaboration. It usually involves the contributions of many different scientists as well as people from industry, technology, and other fields. Scientists work together and share their ideas through journals, conferences and personal communication. They draw on the ideas of others to collaboratively construct knowledge.  As we have seen throughout this paper, scientists’ ideas are subject to change and are not always accepted in a straightforward way. Many people are involved in what is studied, how it is studied, and the answers we end up with. Science does not happen in isolation and is influenced by the larger social and political context of society.

Conclusions

Scientists are learners just as students in a physics classroom are learners. They have prior knowledge about how the world works and they use that knowledge as they ask questions, construct investigations, and interpret their results. Much of scientists’ prior knowledge is based on theories and perspectives that exist within the scientific culture and community. This prior knowledge, like the prior knowledge of students in the classroom, may come into conflict with evidence and often needs to be changed. This process of learning takes time. It takes time for the learner or the scientist to make sense of his or her observations and it takes time to achieve consensus within the scientific community. 

The Nature of Science is very similar to the nature of learning. Scientists are in the business of learning so it should not be surprising that the processes they go through to arrive at an acceptable idea are similar to the processes that students can go through in constructing new understandings of how the world works.
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