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Abstract. The usual approach to the study of the nature of science (NOS) does not ensure that students will be likely to recognize and reject pseudoscience in its many forms. Pseudoscience should be studied explicitly, with examples, to increase the likelihood that students will be able to recognize it in their daily lives. The pseudoscience of subluxation chiropractic, for example, has 60,000 practitioners in the U.S. and many millions of followers who believe they receive legitimate medical care when their spines are x-rayed and manipulated. The chiropractic industry has managed to convince politicians and the insurance industry to treat chiropractic as legitimate medical practice, despite the fact that the scientific community, including science-based medicine, views chiropractic as pseudoscience. Another pseudoscience that has an important impact on students’ understanding of science is creationism/intelligent design (ID). Similar to subluxation chiropractic in fundamental ways, ID is grounded in the mysterious world of the supernatural. These two examples of pseudoscience, chiropractic and ID, are compared and used to explain why the study of pseudoscience should be included in the school science curriculum.
Background.
This paper is part of a symposium Pseudoscience in Society and Classroom to be held at the June 24-28, 2009 meeting of the International History and Philosophy of Science Teaching Group at Notre Dame University, South Bend, Indiana. It follows a similar symposium Should Pseudoscience Studies Become an Integral Part of NOS and Scientific Inquiry Curricula? held at the April, 17-20, 2009 meeting of the National Association for Research in Science Teaching, Garden Grove, California. 
The panel members of this IHPST symposium, in addition to me, with the titles of their papers, are:

Peter Slezak, Program in Cognitive Science, University of New South Wales; Science: Good, Bad & Bogus: Science Teaching as Intellectual Defense.

Mike U. Smith, Department of Internal Medicine, Mercer University School of Medicine; Teaching the Nature of Science as a Continuum: Pseudoscience without the Perjorative.
Ana Coulo, Departamento de Filosofia, Universidad de Buenos Aires; Science, Pseudoscience and School Scientific Argumentation on a Teacher Development Program.
The moderator/discussant for the symposium is:

Michael Matthews, School of Education, University of New South Wales.

Why the Study of Pseudoscience Should Be Included in the School Science Curriculum
Rationale.
Why should room be made in the science curriculum for the study of pseudoscience? As students learn about science and how it is done, don’t they become proficient at recognizing and rejecting pseudo-sciences like subluxation chiropractic and intelligent design (ID)? The short answer to the latter question is no. Students as well as other citizens are about as likely to be fooled by pseudo-sciences today as they were decades ago, before Sputnik and the many efforts to improve science education. Part of the answer to the persistent success of pseudoscience might be better marketing of products. From about the time Sputnik was launched in 1957 until now, television has made it possible to market just about anything that doesn’t seem to physically harm people. 
Another answer to the question of why people are so likely to embrace pseudo-sciences like chiropractic and intelligent design (ID) has to do with the nature of beliefs and how they develop, in other words the psychology of belief.  Children tend to believe what parents and other authority figures tell them, but as they grow older their ability to think more critically grows as well and they begin to question authority. One way to assert authority is to invoke science to support claims. Getting people to believe a claim is easier if science, or what seems to be science, is used to support the claim. Sorting out real science from pseudoscience is often not an easy task, as seen by the widespread belief in chiropractic, ID, parapsychology, weight loss pills, easy cancer cures, and countless other products that use the veil of science to change people into believers and consumers. Getting people to believe enough in a product to use it is the goal of all pseudo-sciences and today’s marketing techniques are more effective than ever in selling the product, whether it is health-related or not.

Going back to our initial question (Why should room be made in the science curriculum for the study of pseudoscience?) we need to reach agreement that science literacy should include the ability to recognize pseudoscience. When Science for All Americans was published in 1989, the concept of scientific habits of mind was made an integral part of science literacy. Habits of mind like questioning authority, skepticism, curiosity, keeping an open mind, and respecting evidence became central features of the scientifically literate citizen. Being able to recognize bogus claims that promise simple solutions to complex problems was made part of the overall effort to define science literacy. In other words, being able to recognize pseudoscience in its many guises is an important part of what it means to be scientifically literate. More than for other science education reform efforts, Science for All Americans (Project 2061, AAAS) stressed the importance of recognizing pseudoscience as an integral part of science literacy. We will return to the question of why pseudoscience should be included in the school science curriculum later in this paper, but now I want to consider how it might be done.

Studying the Nature of Science (NOS).
Identifying general characteristics of the nature of science through study of history and philosophy of science is one path taken by teachers of science who want their students to know something of the nature of science. Science for All Americans begins with a chapter on the nature of science and many characteristics of scientific beliefs and attitudes are identified, including:
1. The world is understandable;

2. Nature’s basic laws are the same everywhere;

3. Scientific ideas are subject to change;

4. Most scientific knowledge is durable;

5. The use of evidence is pervasive throughout the various sciences;
6. There is no fixed set of steps that scientists always follow;

7. Hypotheses that cannot be tested are not likely to be useful;

8. Personal biases due to cultural and individual differences should not be part of scientific theories;
9. Evidence rather than authority/power is given preference;

10. Science is open rather than closed.

Many more general characteristics of science can be identified but these are representative of what can be found in Science for All Americans and many other sources that describe the nature of science. In addition to learning fundamental concepts of biology and chemistry and physics and other natural sciences, students today are also expected to understand scientific beliefs and attitudes similar to the ten listed above, summarized as nature of science (NOS) characteristics. When these NOS characteristics are understood by students, it is assumed that they will be able to recognize and (hopefully) reject pseudoscience claims when encountered in their daily lives. However, there is very little evidence that the study of the nature of science automatically translates into greater tendency to recognize and reject pseudoscientific claims that citizens encounter regularly. In order to accomplish this goal it seems reasonable to assume that students need opportunities, as they study science, to analyze at least a few examples of pseudoscience as well. This topic is the focus of the next section.
Studying the Nature of Pseudo-Science (NOPS).
Whether the acronym NOPS will become as recognizable as NOS has become in recent years is uncertain, but for now I’ll use both as shortcuts when referring to nature of science (NOS) and nature of pseudoscience (NOPS). When studying things, it is often useful to have counter-examples as well as positive examples to be studied. Being able to analyze and understand why a pseudoscience like astrology is not science can be seen as a way of assessing students’ understanding of NOS. Rather than simply saying to students that astrology or alchemy or parapsychology or ID or chiropractic and so on are not science and therefore have no place in a science class, the teacher should encourage students to analyze why something like astrology and ID are considered to be pseudoscience rather than science. Some pseudo-sciences like astrology and phrenology used to be embraced much more strongly than they are today. Studying the positions of stars or the bumps on one’s head to determine how to live one’s life are taken less seriously today by most  people in countries like the U.S. where education is widespread. However, other pseudo-sciences like ID and chiropractic continue to enjoy widespread popularity among citizens in the U.S. The strength of belief in a particular pseudoscience depends on many factors and these differences among pseudo-sciences should be better understood.
Chiropractic and ID Compared
At first glance it seems that ID and chiropractic have little in common. Chiropractic deals with the body (spine) and ID with the mind. However, a brief look at the history of each pseudoscience is enough to show that they share a very important feature. Since 2005 when Judge John E. Jones III wrote his opinion in Kitzmiller et al. v. Dover Area School District, it should be clear to all that ID is simply creationism by a different name. The story surrounding that court case is told nicely by Edward Humes in his 2007 book Monkey Girl: Evolution, Education, and the Battle for America’s Soul. Creationism is the belief that the Book of Genesis in the Christian Bible is true, a belief common throughout the U.S., but especially in southern states. After the publication of Charles Darwin’s Origin of Species book in 1859 creationism has lost considerable ground among educated citizens in many countries, but in the U.S. tens of millions of believers continue to hold the belief that their God created everything and is especially interested in people and what they do. This belief in the mysterious world of unseen forces is the link between ID and chiropractic.

Subluxation chiropractic was invented by magnetic healer and mystic, D.D. Palmer. He opened his drugless infirmary in Davenport, Iowa and in 1895 Palmer invented the idea that “subluxations” or blockages in the spine, are the cause of many diseases and disabilities. Similar to Andrew Still’s earlier ideas about osteopathy, Palmer marketed his subluxation therapy and with the help of his son B.J. was successful in convincing people they could be cured of pain and suffering by submitting to a few quick spinal manipulations to relieve their subluxations. All efforts to locate and test for the existence of the mysterious “subluxation” have been unsuccessful, from the Palmers’ time to the present. Like gods and goddesses past and present, nobody has been able to verify the existence of subluxations. 

Belief in unseen forces is common and not limited to ID and chiropractic. Religious belief is the most common and most powerful of these beliefs and much has been written about the history and nature of religious belief. Karen Armstrong’s 1993 book A History of God: The 4,000-Year Quest of Judaism, Christianity, and Islam provides a good look at the wide variety of religious beliefs over the centuries that people invent to satisfy their various needs. More recent critiques of belief in supernatural worlds (e.g., Dawkins, 2006; Edis, 2008; Stenger, 2007) and the turmoil in the world of Islam (Edis, 2007) have placed religious belief onto front pages of newspapers and at the top of book bestseller lists. If people are so willing to believe in unseen gods and goddesses, past and present, it is not difficult to see that subluxations and related imaginary forces can be marketed as well. Convincing people to believe in unseen forces is apparently not very difficult. 
In my 2005 book Scientific and Religious Habits of Mind: Irreconcilable Tensions in the Curriculum I compared these two powerful forces in society and concluded they are not just different, but are basically incompatible. Scientific habits of mind, like the ten listed earlier in this paper, are not easy to achieve. However, religious habits of mind like accepting authority, valuing personal testimony over solid evidence, and believing in miracles and life after death seem to be easily accommodated by children and most adults. Pseudo-sciences like astrology and phrenology and parapsychology and subluxation chiropractic seem to share the “easy-to-believe” characteristic with ID and other religious beliefs. These easy-to-believe traits of pseudoscience and religion are “natural” when compared to “unnatural” ideas in science that require “uncommon” sense. The title to the insightful and highly enjoyable little book by British scientist Lewis Wolpert reflects this natural—unnatural dichotomy: The Unnatural Nature of Science: Why Science Does Not Make Common Sense (1992). Coming to understand and believe the many “unnatural” ideas in science is not an easy task for most people, as teachers of science recognize as they learn more of students’ pre-scientific conceptions, often called misconceptions. When existing belief systems are strong and they conflict with science in a person’s education, it is often science that loses the battle. 
In his book Religion Explained: The Evolutionary Origins of Religious Thought (2001), anthropologist Pascal Boyer observes that “…most religions routinely flout the requirement of consistency” (p. 300). He explains that humans have many cognitive processes such as false consensus effect, memory illusions, confirmation bias, and cognitive dissonance reduction that lead us away from evidence-based beliefs. Overcoming these cognitive tendencies is not easy, helping to explain why pseudo-sciences like ID and chiropractic are successfully marketed by people trying to make money or acquire power over others. The use of reason and evidence in an open, inquiry-oriented environment are required for scientific thought to flourish, overcoming natural cognitive tendencies like confirmation bias.  
Avoiding Controversy
Doing the right thing often involves taking a risk. High school biology teachers are very aware of this when they teach evolution in a community where many parents believe in creationism and make it known they disagree with the teaching of evolution. When the science teachers and a few parents in the Dover, PA school system decided ID should not be forced into the science curriculum by the school board, they took a risk by going to court to stop it from happening. When scientists and other faculty at Florida State University fought against politicians, chiropractors, and top-level FSU administrators to prevent the establishment of a graduate school of chiropractic at FSU in 2005, they were taking a risk. In both cases doing the right thing, in terms of science and education, meant opposing the pseudo-sciences of ID and chiropractic. Controversy could have been avoided if the Dover science teachers and the FSU science faculty had simply allowed the power structure to have their way. Fortunately, they did not and today there is no school of chiropractic at FSU and ID is not part of the science curriculum in Dover, PA schools. 

Taking on the issue of pseudoscience, especially if it looks like religious belief may become part of the equation, is a risky business. To question strongly-held beliefs of the majority, or even a vocal, powerful minority, is a risky business and most people prefer to avoid controversy simply by staying silent. I chose to use ID and chiropractic as examples of pseudoscience in this paper because they are strongly-held beliefs by many people in the U.S. The pragmatic, politically-correct position on the relationship between science and religion is that they are not incompatible and most professional organizations in science and education take that position and controversy is largely avoided. The position on the relationship between science-based medicine and chiropractic is more complex, but professional societies like the American Medical Association seem reluctant to speak out and call chiropractic a pseudoscience, even though most physicians would probably like to do so. Some physicians are willing to speak out and warn the public of the dangers of upper neck manipulations (see website < neck911usa.com > and related video) and scientists who look into chiropractic recognize its pseudoscientific nature. 
I have argued earlier in this paper that a lack of credible evidence is a unifying feature of ID and chiropractic, as it is for other pseudo-sciences, so the ability to learn that claims lack credible evidence is clearly a crucial factor in recognizing pseudoscience. This is the topic of the next section.
The Role of Placebos in Pseudoscience

Deciding what is or is not credible evidence can involve many factors, including the role of placebos. Especially in medical science, the placebo effect must be controlled for by designing studies so that neither patients nor researchers know who is receiving the experimental treatment. The double-blind study is the gold standard in medical research. In non-medical research that seeks to compare an experimental treatment with a control treatment, the same kind of effort to control personal bias should be used but often is not. Research into the placebo effect has shown that believing in the effectiveness of a medical treatment, for example, can actually cause a physiological response like reduction of pain for a short period of time. Where one’s sense of well-being is involved, the placebo effect can be a complicating factor that must be accounted for in research design.

Controlling for personal or cultural bias is critical in scientific research and is especially difficult to do where people are the research target. It was mentioned earlier in this paper that people have many cognitive biases such as false consensus effect, memory illusions, confirmation bias, and cognitive dissonance reduction that can contribute to faulty reasoning. People marketing a particular pseudoscience often take advantage of one or more of these biases to convince people to believe in the effectiveness or “truth” of their product and the placebo effect does the rest. Believing that a chiropractor is realigning one’s spine when pushing and twisting one’s vertebrae can cause the patient to experience small, short-term relief from pain. However, studies show (Google “chiropractic skeptic” for many sources and read Spin Doctors (2002) by Benedetti & MacPhail) that a good massage or a sugar pill or some other placebo “treatment” can cause just as much relief from pain as the more dangerous and costly chiropractic treatment. Believing in something like chiropractic or acupuncture really can help relieve pain to a small degree and for a short period of time, but many related claims of medical cures by these pseudo-sciences are bogus. By now it should be clear that belief and its resulting placebo effect can be a very important tool in the pseudoscience toolkit, especially where pain relief is involved. The history of belief in many pseudo-sciences shows how important the placebo effect was and continues to be in gaining followers and true believers.
The Importance of Content Knowledge
Another important factor in the study of pseudoscience is the role of the science content knowledge of the particular thing being studied. Staying with our examples of ID and chiropractic, making informed decisions about either one requires a fair amount of knowledge of the history and nature of each. For ID, where claims might involve biochemistry of the cell or age of the Earth and life on Earth or the relatedness of humans and chimpanzees, knowledge of the relevant sciences can be very helpful in showing that the claims of the ID proponents are made without a valid scientific basis. Also, a knowledge of the history of ID and its relationship to the earlier “creation science” and that both are basically creationism dressed up in science-sounding terms help place ID in proper perspective. For chiropractic, where claims revolve around the mysterious “subluxation” and the importance of spinal manipulation in relieving pain and fighting other disabilities and diseases, knowledge of human anatomy and physiology can be very helpful in showing that claims are bogus. Also, knowing that chiropractic originated in the mind of a mystic former grocer who was into magnetic healing helps place it in proper perspective. In short, there is no good substitute for scientific and historical  knowledge when pseudoscience claims impinge on a domain of science like biology or physics or medical science. This, of course, is true for science education as well. We can teach well only what we know well, and having a sound knowledge of the basics of one’s field, including its history, is an important tool in the science education toolbox.
Conclusions and Implications for Science Education
The study of pseudoscience should become an integral part of nature of science (NOS) study in the school science curriculum for a number of reasons. First, belief in pseudoscience continues to be a widespread problem in the 21st century even though science has been a dominant force in the U.S. and other countries for well over 50 years. People seem to fall victim to a wide variety of pseudo-sciences just about as easily now as before the time science education became a priority after Sputnik was launched in 1957. Second, having pseudo-scientific examples such as ID and chiropractic to study along with positive examples of science should help students better understand the nature of science (NOS) as well as the nature of pseudoscience (NOPS). Rather than simply dismissing questions surrounding ID for example, as not science, the science teacher should help students understand what it is about ID that makes it pseudo-scientific. Third, studying NOPS as a part of studying NOS should help students think more about their own beliefs and how they develop. An important part of the process of changing one’s beliefs is realizing the inadequacy of one’s current state of knowledge, whether in science or in other fields.
Willingness and ability to critically analyze one’s beliefs regarding pseudo-sciences like ID and chiropractic and astrology and parapsychology and acupuncture and magnetic healing and so on should be an important part of science literacy. To what extent are one’s beliefs grounded in reason and credible evidence and to what extent are they grounded in acceptance of authority or peer pressure? The scientifically-literate person should not only be able to answer that question, she should want to answer it as well. 
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