Teaching about Evolution, Historical Geology, and Cosmology in Public Schools: Sifting the Relationship between Personal and Professional Beliefs and Practices.
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Controversies about public school curriculum arising from perceived conflicts between science and religion are commonly thought to be legal and political issues largely limited to high school biology. In fact, at least in the Southeastern U.S., the issue raises its head early and often in middle schools, in earth science, and in university teacher education courses as well, and can involve a complex relationship between the personal beliefs and professional practices of teachers. This presentation will illustrate the range of points of view brought to the profession by practicing and prospective middle school science teachers in Georgia, and suggest some effective approaches to presenting evolution as a controversial topic in the multicultural world of education while remaining true to the spirit of science.
A Pseudo-apology: A Special Case that Inspired Some General Thoughts
Facts are stubborn things; and whatever may be our wishes, our inclinations, or the dictates of our passion, they cannot alter the state of facts and evidence.

-John Adams

A poet who reads his verse in public may have other nasty habits.

-Robert A. Heinlein

Not only many science students, but many current and future science teachers personally disbelieve many of the “big ideas” that biologists and geologists consider central and nearly indispensable to their disciplines, prominently including Darwinian evolutionary theory, uniformitarian historical geology (“Deep Time”), and Big Bang cosmology.

People debating these issues should be honest about their personal preconceptions/agendas/perspectives, as well as their professional positions and practices.

My own background:

· "My father…took me to see the Tyrannosaurus when I was five." (cf. Gould, 1977)

· “There is a grandeur in this view of life” (you-know-who, 1859)

· Northern U.S.

· Skeptical, very liberal, Christian parents

· Geology major, research assistant in paleontology

· Middle school earth science teacher

· Middle/high school science teacher educator, 15 years in Georgia

· Agnostic, bordering on atheist (cf. Dawkins, 1998)

· Evolution, and not any version of creationism, should be taught in public school science classes. (The "Party Line")

What has actually happened next door?
The devil went down to Georgia

He was lookin' for a soul to steal

He was in a bind 'cause he was way behind

and he was willin' to make a deal

-Charlie Daniels
The Cobb County (GA) Biology (and middle school Life Science) Textbook “Disclaimer:”

This book contains material on evolution. Evolution is a theory, not a fact, and should be approached with an open mind, studied carefully and critically considered.

This was instituted in August, 2002 and found to be unconstitutional on January 13, 2005.

January 30, 2004 (Atlanta Journal-Constitution):
Georgia State Superintendent of Schools Kathy Cox has proposed striking the word evolution from Georgia's science curriculum and replacing it with the phrase "biological changes over time." She said the concept of evolution would still be taught under the proposal, but the word would not be used.  Cox repeatedly referred to evolution as a "a buzzword that causes a lot of negative reaction" since it is associated with "humans coming from apes and all that" and said the ban was proposed, in part, to alleviate pressure on teachers in socially conservative areas where parents object to its teaching.
Jan. 31, 2004:
“If you’re going to teach evolution, you ought to call it evolution. By that I mean, there ought to be a balance. Evolution, as I understand it, is an academic theory. I think it should be taught as academic theory.”

- Georgia Governor Sonny Perdue
Science and Religion – Coiled Up under the Table

In the beginning the Universe was created. This has made a lot of people very angry and been widely regarded as a bad move.

-Douglas Adams

At least in the United States, the conflict with which we are concerned here will eventually rear its head in any broad and deep discussion of science, education, or religion, as well as in many practical instances. As historians have said about slavery and racism in American constitutional and social history, both science and religion have been so central to the collective national experience and culture that their differences have long lurked beneath the surface of discussions of seemingly unrelated issues.

Teachers cannot realistically avoid the potential for the perceived conflict by ignoring evolution:

Often the specific words "evolution," "Darwin," "natural selection," "Big Bang," etc., do not appear in the curriculum guidelines or the textbook. Euphemisms like “family relationships,” “historical development of organisms,” “change over time,” “theories of origins,” or (in the State of Georgia’s own peculiar euphemism) “the ability of organisms to change as necessity [sic] for species survival,” are commonly substituted, but the intention is usually clearly that scientific views of evolution be taught.

At least some students will (and should) make the connection between these Big Ideas and the categories of facts that are always part of a middle school curriculum:

· In Life Science: adaptations to environment; basic phenomena of heredity; classification as reflecting nested patterns of morphological, behavioral, and ecological similarity as well as diversity

· In Earth science: existence and basic types of fossils; gradual and cyclical nature of geologic processes, outline of the geologic time scale; diversity and inferred life cycle of stars

Is a conflict really inevitable?

Both may be, and one must be, wrong. God cannot be for and against the same thing at the same time….it is quite possible that God's purpose is something different from the purpose of either party.

-Abraham Lincoln

To people at both extremes of this debate, not only does controversy seem inevitable, but it is self-evident that there is an unresolvable conflict between evolution and creationism, or more broadly between science and religion as ways of knowing. In fact there is a broad array of points of view about the relationship between science and religion, and in a crude way they can even be viewed as a continuum or shades of belief (Scott, 1998). Some commentators (e. g., Gould, 1999) maintain that the ways of thinking are so separate that in principle there can be no conflict. Others (e. g., Miller, 1999) believe that scientific and religious beliefs can truly coexist and be reconciled by each individual. I will not address this issue in great detail here, because it was covered thoroughly by Dr. Keller's presentation at this event last year.

I have found that many students are unaware, but many also do not care, about the fact that most major "mainstream" church hierarchies (e.g., Roman Catholic, Presbyterian) have issued formal statements that there is no necessary conflict between evolution and Christian faith. Americans are notorious, however, for coming to independent conclusions about the practical implications of their faith regardless of the statements of the nominal leaders of their denomination (cf. Rosin, 2005).

“I still just don’t buy it.”

The truth of a proposition has nothing to do with its credibility.

And vice versa.

-Robert A. Heinlein
In the space of one hundred and seventy six years the Lower Mississippi has shortened itself two hundred and forty-two miles. That is an average of a trifle over a mile and a third per year. Therefore, any calm person, who is not blind or idiotic, can see that in the Old Oölitic Silurian Period, just a million years ago next November, the Lower Mississippi was upwards of one million three hundred thousand miles long, and stuck out over the Gulf of Mexico like a fishing-pole. And by the same token any person can see that seven hundred and forty-two years from now the Lower Mississippi will be only a mile and three-quarters long, and Cairo [Illinois] and New Orleans will have joined their streets together and be plodding comfortably along under a single mayor and a mutual board of aldermen. There is something fascinating about science. One gets such wholesale returns of conjecture out of such a trifling investment of fact.
-Mark Twain

Extreme prejudice against evolution based on religious precept may be common, but is certainly not the only explanation for widespread disbelief. A widely publicized and oft-repeated poll of American adults (http://www.arches.uga.edu/~djackson/4430/handouts/GallupEvolution.html) bears this out.

My experience with my own students is that a common stumbling block is that their own academic exposure to evolution, restricted to the context of a unit centered on the basic mechanisms of genetics, consists nearly entirely of classic modern examples of microevolutionary phenomena of adaptation within species, or possibly genera, many involving artificial selection or unintended human influence: peppered moths; antibiotic-resistant bacteria; breeds of dogs; perhaps Darwin’s finches or tortoises. A common and highly understandable conclusion is that microevolution is very plausible (indeed, sometimes even clearly observable over a relatively short time period), but that this kind of evidence does not basically contradict the intuitive appeal of the neoplatonic notion of “natural kinds,” or the nagging feeling that the leap of extrapolation to macroevolution, geologic Deep Time, and the necessary relationship between them is so much scientific “hand-waving," which students will, like so many other topics, "learn for the test" but not take seriously as a truth relevant to their everyday lives.

Surprisingly to many teachers, the American Association for the Advancement of Science’s excellent and highly thoughtful Benchmarks for Science Literacy (1993), argues that full-blown Darwinian theory about evolutionary mechanisms should probably not be taught in middle school. Their reasoning is not that it is potentially controversial or not sufficiently important, but that it is too abstract, and perhaps implausible, for students of this age range. In this view, students would be better served if middle school science emphasizes the large, varied, and often individually fascinating body of non-controversial facts, biological and geological, as they historically accrued and which scientists came to view as first suggesting, and then increasingly strongly supporting, the general idea of evolution. In other words, according to Gould’s (1983) oft-misinterpreted distinction, the evidence for the basic fact of evolution (the scientific version of the “story” of major events in the history of the Earth and of life) can and should be considered separately from, and earlier than, the detailed theory of evolution (neo-Darwinism, ultimately including details of genetics and basic biochemistry). AAAS’ recommendations regarding quantification of absolute geological time and Big Bang cosmology are in a very similar vein – the basis for these scientific conclusions can be expected to become fully intelligible only in high school, after sufficient prerequisite background knowledge (notably a deep understanding of atomic structure) has been developed first.

Another very real problem is that the nature of scientific knowledge and investigation in historical geology, macroevolutionary theory, and cosmology is very different from “textbook” scientific method, so that even the relatively few students who take their typically limited instruction in the “Nature of Science” seriously find this kind of knowledge less comfortable, reliable and credible than other scientific conclusions. Specific conclusions about evolution are not only tentative (like, strictly speaking, all scientific knowledge), but based on unfamiliarly historical, inferential, and in some ways inherently ambiguous (Ault, 1998) patterns of reasoning about unfamiliar kinds of evidence.

Whose life-and-death issue?

Creationists tenaciously cling to the wisdom and world view of a Near Eastern culture thousands of years old....So creationism seems to me to threaten the integrity of our children's education, and thus threaten the long-term well-being of our country.

-Niles Eldredge
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from DarwinFish.com

Christianity, if false, is of no importance; and if true, of infinite importance. The only thing it cannot be is moderately important.

-C. S. Lewis
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From Burke (1985)

Scientists and science educators tend to believe that science in general, and an understanding and acceptance of evolution, Deep Time, and/or the Big Bang in particular, is an absolutely vital part of being an educated person, or even an intelligent or basically rational person. While I understand the great appeal of this mode of thought, and in fact share it myself personally, we must realize that religion is a highly positive, constructive, and adaptive force in many people's lives, and, for them, if they are told that they must choose between their faith or science, there is no contest. It is easy to forget this basic fact about even the "Modern" world, and we do so at the peril of being considered irrelevant by a large part of the U.S. population (Brooks, 2003).

Other People’s Children

If I saw a venomous snake crawling in the road, any man would say I may seize the nearest stick and kill it. But if I found that snake in bed with my children that would be another question. I might hurt the children more than the snake, and it might bite them. Much more, if I found it in bed with my neighbor’s children, and I had bound myself by a solemn oath not to meddle with his children . . . it would become me to let that particular mode of getting rid of the gentleman alone.

-Abraham Lincoln
It is explicitly or implicitly axiomatic to many scientists and science educators that a creationist of any stripe (and there are most certainly many versions of creationism) cannot be a good science teacher. My closest colleague and personal friend strongly believes this. We can make excellent arguments for the overwhelming nature of the scientific evidence for evolutionary thought, and thus argue that it is important set of understandings that should be included in any reasonable curriculum. But can we make this value judgment about students' beliefs, as opposed to their understanding? (Cobern, 1994; Smith, 1994) I would maintain that we cannot, in the modern multicultural world of education. While the canonical literature of multicultural education (e. g., Delpit, 1995), normally focuses primarily on issues of race/ethnicity, language or gender, I believe that differences in philosophical and experiential backgrounds between otherwise similar people (e. g., the almost uniformly middle-class, academically-oriented, native-English-speaking, white U. S. citizens with a strong interest in science who make up my own class) can sometimes be so pronounced as to constitute a bona fide cultural gap that needs to be painstakingly bridged.  Consider the definition adopted in a seminal position paper on multicultural science education:  "Multicultural education deals with morality, attitudes, and values...controversy inherent in stereotypes and prejudices, and basic needs for self-esteem." (Atwater, 1989, p. 17).  In my view, the gulf separating the "world view " (Cobern, 1991) of most evolutionists from that of most orthodox Christians is so profound that the same educational principles should apply.

Not only are current and prospective current and prospective middle school teachers: weaker in science content background in these area; less inclined to consider themselves as science teaching specialists or to see science as a central or crucial aspect of school curriculum; and less likely to exhibit what the Benchmarks calls “scientific habits of mind” and to consider that mode of thought as an inherently positive aspect of personal life. The role of science in general and evolution in particular in a middle school curriculum is different from that role in high school science. In the minds of most middle school teachers, principals and influential curriculum theorists (e. g., Beane, 1993), and in opposition to the explicit or implicit views of perhaps most scientists and science educators, science is only a very small and at best coequal part of an ethos of student-centered curriculum and teaching, not a privileged separate subject or way of knowing. Its status as a distinct part of the curriculum is more an artifact of teacher staffing issues (the severe shortage of highly-qualified science specialists among middle grades teachers). If “pushing” the crucial importance of evolution is judged to likely result in student alienation from a teacher (Kohl, 1992) or a subject area, it may more justly be considered expendable, or a least a low priority than is the case in high school biology. “I don’t teach science, I teach kids” is not just a trite slogan (or perhaps a somewhat oversimplified abstract statement about constructivism) to many excellent and dedicated middle school science teachers.

Whose Responsibility, to Whom?

I do perceive here a divided duty.
-William Shakespeare

The greatest conflicts are not between two people but between one person and himself.

-Garth Brooks
Can teachers follow Polonius’ old saw about “This above all, to thine own self be true”? Some teachers can, and often should, partly or even largely suppress their personal beliefs if they judge that they are not in keeping with responsible professional practice. At the very least, they should most certainly they should keep their immediate, visceral private feelings from influencing their carefully considered public expression.

Many scientists and science educators may resonate deeply with some of the more eloquent and vitriolic criticisms (e. g., Dawkins, 1998) of the grossly unscientific (and especially religious) worldviews held by many people. They may sometimes, in weak moments, even express these views, in a self-righteous tone worthy of any television evangelist, in conversations with known like-minded people. Very occasionally, I do!!!...but not in front of my students.

Academic freedom is a noble concept. Human nature makes it very understandable that teachers, like everyone else, want to tell the world about their most heartfelt beliefs, and enlighten the benighted multitudes by showing them the error of their ways. I know several excellent middle school Life and/or Earth Science teachers in Georgia who don’t act on these impulses with regard to their own evangelical Christianity, teaches about evolution, uniformitarianism, big-bang cosmology, etc., because it is part of the curriculum in their state and district. Most feel real conflict about this. Some feel guilty about not “spreading the good news” of their religion, which may include strict, Biblical literalist creationism, but accept the responsibility not to do so. Likewise it is not my role to “convert” my education students, but to lay before them the difficult choices that they must make for themselves. Nord (1995) and Anderson (2004), whom I consider the most reasonable and articulate among advocates for an increased focus on religion in general in liberal education, make this point in a way I find usefully challenging, although far from convincing.

WWJDD? What Works for Me
Really don’t mind if you sit this one out.

My words but a whisper, your deafness a shout.

-Ian Anderson

I will now outline several examples of the way I teach about evolution and the "Creation Controversy" in my own course for prospective middle school science teachers. Although I am not a rigorous philosopher of education, I believe that these approaches are basically in the spirit of the widely revered, but often misunderstood icon of modern progressive education, John Dewey (e. g., 1916, 1933, 1959). Details of the scope and sequence of this course may be found at http://www.arches.uga.edu/~djackson/4430/Daily.html.
First, although I am supposed to be teaching about teaching, I do in fact teach some science in the course of doing so. In introducing the topic of teaching "basic science process skills" (observing, describing, inferring communicating, etc.), we do a lab on comparative anatomy of animal skulls and how it relates to their adaptations to survival. In introducing the possible role of video-based curriculum packages in teaching, we view a segment of The Voyage of the Mimi (starring the middle-school-aged Ben Affleck!) focusing on paleontological evidence for the evolution of whales. To introduce the practical advantages and disadvantages of dissection activities, we note the homology of the bones and muscles in chicken wings to those in our human arms. To introduce the strategy of scale modeling, we use a 40-mater-long cash-register tape to represent the last 4 billion years of the geologic time scale. Carefully selected videotape excerpts (e. g,. Burke, 1986) about the history of science and its relation to religion, also have been useful, as has the classic summary of the evolution of ideas about geologic history in Prothero & Dott (2003).
Second, discussion of evolution, religion, and the relationship between them may be better accepted by students when presented in a larger context of ethical decision-making in one’s personal and professional life, and only after the students and teacher have established a mutual trust and comfort level in open discussions. If evolution were the only topic around which I introduced these issues of personal versus professional views, some students might feel persecuted by the specific focus. In my course this issue is the last among many in this general theme, with earlier discussions of sex education curriculum policies, the ethics of the use of living and dead animals in the lab, and environmental issues having paved the way for an atmosphere in which conflicting ideas can be laid out and discussed in a mutually respectful and constructive manner. These other topics may, of course, also involve the above-mentioned active suppression of personal beliefs, whether of the left or of the right.

Third, our specific consideration of evolution and creationism issues follows a careful sequence of several phases. (Examples of some of my class handouts are appended to illustrate these approaches.) These include: a survey of legal issues, specific attention to common (and understandable) misconceptions about evolution; the perceived relationship between evolution and social/moral issues (cf. Brem, Ranney, & Schindel, 2003); the variety and continuum of beliefs about evolution

Many college students care about a feeling of mutual personal trust and respect between them and their instructors, as widely accepted for younger students. In a small, open-discussion-based course, such as the teacher education courses that I and my colleagues teach, a single instance in which a student feels ridiculed, belittled, or otherwise not respected can have a chilling effect on that student’s participation in the remainder of the course, or even in the remainder of their education in a particular field. This insight is well-documented and strongly emphasized in the multicultural education literature. I believe we need to take it seriously in a teacher education context as well.
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