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Good and bad science in US school

One-third of US states have unsatisfactory standards for teaching evolution

Lawrence S. Lerner

Almost all science is the study of the evolution of systems in time. Biology is no exception; its central organizing principle is the evolution of living things, just as geology  centres on the evolution of the Earth and astronomy the evolution of the Universe.

That evolution is the central organizing principle of all the historical sciences is not a controversial issue among scientists, or among most educated people. Consequently, science teaching worldwide treats evolution as routine. The United States is the exception. In much of the country, teaching evolution as scientists see it - particularly biological evolution - to K-12 (age 5-18) students stills evokes bitter controversy, 75 years after a landmark court trial first brought the matter to broad public attention. A variety of organizations and people object to the teaching of the facts and theory of evolution in public schools at the primary and secondary level

This controversy is not really about science but about religion and politics. Objectors assert that evolution has not taken place, that scientists' picture of the Universe is misguided that it is 'only fair' to present creationist views to students in tandem with evolution, even that teaching evolution will lead children into immoral lives. The first two assertions are part of 'creation science', a pseudoscientific rival to evolution that US courts have repeatedly ruled to be thinly veiled religion.

This essentially non-scientific controversy is reflected in the primary-secondary science standards of many US states. Objections to the teaching of evolution are expressed in two main ways. First, the fundamental concepts and facts of evolution are covered to some extent; but the word 'evolution' is replaced, in the context of biology, by incorrect and misleading euphemisms such as 'change over time'. Second, the subject is avoided altogether or barely mentioned, reducing the sciences, especially the biological sciences, to disjointed lists of facts.

I have assigned each of the states a grade for its treatment of evolution* (see Table 1). On balance, the news is good. Thirty-one states (almost two-thirds) do at least a satisfactory job of dealing with the central organizing principle of the historical sciences at the level of their statewide academic standards. Ten states do a very good to excellent job (grade A) of presenting evolution and 21 do a good or satisfactory job.

The bad news is that more than a third of all the states are less than satisfactory, and thus seriously damage or even erase the possibility of teaching science to young people as more than a confusing collection of facts. Six states rate an unsatisfactory D and 13 an F or worse, their standards being essentially useless for purposes of teaching evolution.

* This Commentary is a version of a longer report to be published on 26 September which contains full details of me analysis and criteria for the rankings of states described here. The full report can be obtained from the Thomas B. Fordham Foundation in Washington DC al 202- 223-5452 or tram www.edexcellence.net. It will also be presented at a public AAA Symposium. "The Teaching of Evolution in US Schools: Where Politics, Religion and Science Converge", on 26 September.



Table 1                                                            Distribution of grades

Grade
Number of states
Treatment of evolution 

A
10
Excellent or very good

B
14
Good

C
7
Satisfactory

D
6
Unsatisfactory

F
12
Unless or absent

F-
1
Disgraceful

Why are standards important?

Statewide academic standards are meant to be the foundation far a host of curricular activities that affect what goes on in a state's classrooms: as the basis for teachers' lesson plans, statewide examinations and text- books; as a method for parents to assess their children's progress; and as a basis for uniformity and ease of transition for students moving to new schools, for example.

I appraised state science standards with respect to their overall quality in State Science Standards: An Appraisal of Science Standards in 36 States (March 1998) and The State of State Standards 2000 (January 2000), both published by the Thomas B. Fordham Foundation (available at http://www.edexcellence. net/fordham/foreports.html). I used 25 criteria in five categories to evaluate quality, each standards document being considered for its purpose, expectations and audience;

organization; coverage and content; quality; and negative elements detracting from the standards. Evolution was but one of many topics considered in these appraisals; here I provide a detailed assessment of evolution teaching in US schools using a separate set of criteria which are explained briefly below and in greater detail in the full report.

The peculiar place of evolution

What do we mean by evolution, and what is its place in the sciences, since almost all science is the study of the evolution of one system or another? So evolution is an indispensable concept across all the sciences. But in the United States (and almost nowhere else), the public attention attracted by biological evolution is different in kind and intensity from that attracted by evolution in other scientific fields. As a result, the way in which biology is taught varies considerably more in quality and quantity than for any other scientific subject, with a significant spill over into geology, the evolution of the Solar System and cosmology. The physical sciences are affected as well, but more indirectly.

The following questions seem to me central. What constitutes good academic standards as they concern evolution, biological and otherwise? What kinds of public pressures oppose good standards in this area? What are the bases far the opposition? How have the states reacted to these pressures? What is the effect on the quality of science standards overall and thus on the quality of science education in the United States?

Any decent education in science requires that the student comes to understand the central role of theory in scientific methodology. This understanding does not emerge full-blown - young people grow into the ability to understand the abstractions essential to the methodology (see box, below). Lacking this insight, the student inevitably comes to see the sciences as a stultifying heap of disconnected facts, some of them counter- intuitive and all hard to sort auto This luck- less student soon learns how to commit the required facts to short - term memory, squeak past the next test, and then forget what he or she has so painfully memorized. The present state of scientific literacy among US adults bears dour witness to the ubiquity of this kind of  learning experience.

Enormous amounts of data of extraordinarily diverse kinds have been interrelated and made understandable on the basis of the theory of biological evolution. Today, that theory informs, and is vindicated by, a larger and more varied body of evidence than that associated with any of the other major branches of science. Moreover, biological evolution is seamlessly joined with geological evolution, and is completely consistent with the principles of physics and chemistry.

Essentials of good standards

What is needed to provide the student with a good understanding of the life sciences and the unifying role of evolution? At the primary grade levels, standards should focus on those basic facts and ideas of evolution that can later be incorporated into broader world views. At the K-3 level (age 5-8), students should be expected to understand that all living things reproduce; that offspring are similar to but not exactly like their parents; that offspring have to grow up (or change)before reproducing themselves; that there is a fit between individuals, or species, and their environment (for example, terrestrial, aquatic, aerial); and that the Earth is more than four billion years old, allowing much time far biological as well as geological evolution.

At higher grade levels (ages 9-12) these ideas can be developed into an understanding of the nature of competition far survival between and within species; the consequence that not all offspring live long enough to reproduce; the limitation imposed on the number 01 offspring that survive by such environmental factors as availability of food and water, predators and temperature; the variability among individuals that leads to differential survival in a particular environment; the specialization of species to fit ecological niches and the impact of environmental change on the tenability of those niches; the underlying role of genetic variation that results tram sexual reproduction and random mutation; and the non-random way that natural selection operates on the existing population despite the many random factors that determine the survival of any individual.

At the middle- and high-school levels (age 11-18) these ideas can be unified, and such concepts as genetic drift, sexual selection and other significant mechanisms can be introduced. Coevolution and the complex interactions of ecosystems are important applications of the basic concepts. The magnitude of the geological/evolutionary timescale is so different tram the timescale of everyday life that it is difficult to grasp, and must be introduced with care. The fact that the same general timescale underlies both geological and biological evolution is an important link between the two sciences.

In parallel to these macroscopic concepts, the underlying microscopic mechanisms must be introduced at suitable grade levels. These include the relation of genotype to phenotype, DNA as an information carrier, the expression 01 DNA in protein synthesis and the implications there o at the various levels of organization tram organelles through cells, tissues, organs and individual organisms, to populations.

It is also important to teach that biological evolution does not take place in a vacuum. The biota and the non-living parts of the Earth coexist with and influence each other. Therefore, the facts and, subsequently, the theoretical structure of geological evolution must be introduced in parallel with biological evolution. Similarly, the Earth is part of the Solar System and the Solar System part of a hierarchy of still larger structures, up to the Universe as a whole. The student should be empowered to view the history 01 the Universe, tram the general cosmological picture down to the smaller scales characterizing the Earth and its smaller elements, in a unified perspective.

Extra scientific issues

Anti-evolution views span a wide spectrum. Moreover, they have evolved over time, responding to judicial and social pressures, competing to fill 'ecological' niches, and scouting for new ones to occupy. The literature devoted to anti-evolution views and their refutation is diverse and vast.

In contrast to the situation in K-12 schools, no controversy exists at the university level, where curricula are more or less fully under. the faculty's control. As science faculty members are experts in their fields, they share a consensus as to basics. In contrast, K-12 instruction is subject to considerable intervention from people such as school-board members and legislators with no expertise in, and often little or no knowledge of, the fields whose curricula they govern, and hence who are vulnerable to irrelevant lobbying and pressures.

Anti-evolutionists tend to object to three main premises. First, to achieve the diversity of life observed today, the evolutionary process has required several billion years. Second, all living things, including humans, are descended from common ancestors. And third, the evolutionary process is a natural one susceptible to scientific investigation and so by definition cannot include supernatural intervention as a necessary component.

The first of these premises conflicts with a particular interpretation of the start of the Book of Genesis and of Old Testament genealogy, according to which the Universe is a few thousand years old rather than tens of billions of years as the scientific evidence implies. This particular interpretation of the Bible, generally called young-Earth creationism, is held mainly by a subset of evangelical Protestants and some ultra-orthodox Jews and Muslims. Young-Earth creationists fear that the alternative interpretations of Genesis supported by most Christians and Jews undermine the entire authority of the Bible. Other religious groups object for the opposite reason. In particular, members of the African-American sect the Nation of Islam hold that the Universe is trillions of years old, whereas adherents of some Native American religions hold that their ancestors have been located in their traditional tribal areas for ever (that is, for an infinite time).

The second premise is objected to by young-Earthers and others who hold that humankind has a special, divinely ordained place in the Universe and is the central concern of the Divinity. According to this belief, God could not have lumped humans with mere animals, jet alone other living things. Hence, teaching the evolutionary relation- ship of humans to other animals inevitably undermines any possible moral or ethical teaching. If it is taught that humans are 'only animals' they will 'act like animals'. This, it is alleged, will lead to atheism, communism, socialism, Nazism, inflation, homosexuality, women's liberation, sex education, teenage sex, abortion, pornography, family breakdown, school shootings, crime, alcoholism and drug addiction to name but a few. The same believers also often suggest that certain political and religious positions presuppose adherence to creationism; that is, a person cannot truly be a religious or political conservative without also being a creationist.

The third premise, although shared by the groups discussed above, is the special province of a class of anti -evolutionists called intelligent-design or irreducible-complexity advocates, who have revived the position of John Ray in the seventeenth century and of William Paley in the early 1800s. Intelligent- design advocates believe that adherence to an evolutionary view of the biosphere is conducive to atheism, or even that only atheism is consistent with an evolutionary view of the Universe, to which they assign the name 'naturalism', a term they construe as pejorative. They say that living beings are too complicated to have evolved, and that their creation by an intelligent (read divine) designer is just the entrée into the natural world that God requires for general belief.

Evolution has had its equally vehement opponents on the political left. The classical marxist view of 'socialist man' was official doctrine in Stalin's Soviet Union. Holding that the evils of society and human immorality stem exclusively from social economic injustices, and that humans wi11 become entirely virtuous in the Marxist utopia, the Stalinist view required rejection of any implications that human behaviour might have biological roots. Utopian socialists, although their approach was more benign, held similar views on the perfect ability of human nature under the proper social economic conditions. Although Stalinism is extinct as a political power, there still exists in the United States a small but sometimes vocal left-wing intellectual opposition to evolution.

Why anti-evolutionism persists

Not surprisingly, the states wrestling with the teaching of evolution are largely those that have substantial populations of Protestant evangelicals. Most evangelicals are probably not anti-evolutionists, but those who are comprise the largest, most significant bloc opposing the teaching of evolution in public schools. The success of creationist efforts at the state level is probably due to a sympathetic chord struck by creationist activists in a wider public who do not share, or lack strong interest in, creationist ideologies.

A significant number of Americans who are not scientists feel uncomfortable about evolution in general and biological evolution in particular. Polls suggest that about a quarter of Americans adhere to the literal biblical account, perhaps a third are strongly convinced of the validity of the scientific account, and the rest are ambivalent.

A recent poll surveyed US attitudes towards the teaching of evolution and creationism in the public schools. It was a representative, national survey of l ,500 Americans conducted by telephone by DYG in November 1999. Two-thirds of the respondents believed that only evolution should be taught as science. Of these, 20% held that only evolution should be taught at all; 17% that evolution should be taught in science classes while religious creation should be taught in other classes; and 29% that evolution should be taught in science classes as a scientific theory with creationism mentioned as a belief. The 'equal time' view, that evolution and creationism should be taught together as competing views in science classes, was held by 13% of all the respondents, with 4% more feeling that both should be taught but uncertain as to the details. Finally, 16% believed that only creationism should be taught. Only 1 % belonged to the 'don't know' category. Interestingly, given the wide range of evolution teaching among states, these percentages varied less than 10% from region to region.

Evolution 0f anti-evolution pressures Holding that biological evolution is in conflict with religion and conducive to Immorality, anti-evolutionists have, unsurprisingly, tried to interdict its teaching in the classroom. The only anti-evolutionists to have had significant influence on K-12 public education so far have been the young-Earth creationists. A long series of court decisions, including two by the US Supreme Court, have held that the underlying premises of creationism, however they are presented, are religious rather than scientific and so have no place in the public-school science classroom.

Largely in response to these decisions, creationism has itself evolved. When Epperson v. Arkansas struck down laws forbidding the teaching of evolution in 1968, creationists responded with two curiously conflicting claims: first that creationism and evolution are both based on articles of faith and are therefore both religion, not science; and second that creationism is a scientific approach to the study of the living world just as is evolution.

The second of these claims became the basis for model legislation introduced in many state legislatures and passed in at least two. This 'balanced-treatment' legislation required that whenever 'evolution science' ,

was taught, 'creation science' had to be taught as an equally valid, competing explanation of the living world. It was further argued that 'scientific creationism' was independent of but compatible with 'biblical creationism'. A series of court decisions, culminating in a' 1987 Supreme Court ruling, declared that this argument, too, was an attempt to veil religion as science. In particular, creation implies a creator, which is a religious concept. For this and related reasons, the courts held that 'creation science' was not science and had no place in the science classroom, although creation stories could certainly take their place in other studies.

The failure of 'creation science' to gain acceptance by the US Supreme Court led to the re-emergence of the 'intelligent-design' creationists. These advocates do not necessarily object to an old Universe, or even to a certain amount of evolution. But they do insist on super natural intervention as necessary to any explanation of the living world. Although they try to minimize their differences with the competing classes of creation- its for political reasons, their approach is vehemently opposed by the young- Earthers.

Response to creationist pressures

States that respond to these various anti- evolution pressures do so in different ways and degrees, usually in one or more of the following forms:

.Standards include many of the central principles of evolution - usually briefly - but the word evolution is avoided. Inaccurate and misleading euphemisms such as 'change over time' are used instead of the 'E-word:

. Biological evolution is ignored. Geological evolution, the history of the Solar System and cosmology may be treated, often even using the word evolution. Fossils are sometimes mentioned, but only in the context of geology, not biology.

. Evolution of plants and animals is treated to some degree but human evolution is ignored. All scientific discussions that imply an old Earth or Universe are deleted.

. Creationist jargon is used.

. All textbooks must carry a disclaimer that calls evolution controversial or labels it a theory, not a fact, misusing these terms in their every day rather than their scientific senses.

. Some or all of the historical sciences are treated lightly but no attempt is made to elucidate the connections among them.

The grades I give here (see Table l) for the treatment of evolution in state science standards reflect the extent to which states have resorted to these anti-evolution tactics give states lower marks if, for example, they avoid mention of the word evolution, they ignore human or biological evolution, or they use creationist jargon.

Evaluation of state standards

Forty-nine of the 50 states and the District of Columbia have published science standards. As a matter of policy, Iowa does not write statewide academic standards in any subject. The treatments of evolution in the 50 science standards fall into six categories, which I denote A, B, C, D, F (and F -) to correspond with traditional letter grades. Of the 31 states that have satisfactory-to-excellent treatments of biological evolution, only nine treat human evolution explicitly and another 11 by implication; the rest do not cover human evolution at all.

Of the 19 states in the less-than-satisfactory ranks, 10 cripple their treatment of evolution through sedulous avoidance of the 'E-word', one state uses the word only once, and one state hides it. Of these 12 states, eight attempt to teach some evolution, but do a poor-to-awful job of dealing with the subject. The seven remaining states that receive less than satisfactory grades do mention the word evolution but do not do a good job of covering the concept.

Of the 19 states receiving unsatisfactory grades, three ignore the topic of biological evolution altogether, and one not only shuns biological evolution, it also deletes all references, direct or indirect, of the age of the Earth or the Universe, even including radioactive decay (seeNature406, 552; 2000).

The US public education system is based on the concept of local control with limited oversight from the state. Today, in most of the country, there is a strong public consensus far quality control at the state level, and all states have a variety of mechanisms far accomplishing this, such as curriculum standards, statewide examinations, teacher certification, class-size rules and compulsory education laws. The fact that state subventions are important in the financing of school districts is, of course, a significant factor in underpinning a modicum of control. So one can characterize US public-school .governance as a modified diffuse democracy.

Democratic decisions are norma1ly made by majority rule. We believe, of course, that a well-educated electorate is an essential basis far workable democracy; this has always been a cardinal argument far public education. But democracy cannot permeate all aspects of every social institution. It is certainly not consistent with the education process itself because the teacher directly supervises the progress of the students, using his or her superior knowledge and adhering to standards imposed from levels above the classroom.

In a democratic society, citizens who do not like the existing state of affairs can change it. But nature is not so flexible. We may find Newton's second law of motion contrary to common sense because it links acceleration, rather than velocity, to applied force. But we cannot change this fact; what we can do is learn how to manipulate it. We may believe it an affront human dignity that the Earth is not at the centre of the Universe but we cannot move it there.

Science is also undemocratic in the social sense that those who do not have the scientist's special knowledge, skills and experience

cannot have equal voice in achieving a scientific consensus concerning a class of phenomena. The public school has no authority to impose opinions on its students, but it has the duty to explain to them the consensus of scientists on any particular issue, and the methodology by which scientists proceed to discover new knowledge and merge it into that consensus.

Biological evolution is one of the most important of many broad issues on which almost all working scientists agree. There may be a few people with scientific credentials who disagree, but they do not contribute to the progress that is the hallmark of science. Analogously, there are a few scientists who do .o

not believe that HIV is the cause of AIDS, but  they have contributed nothing to the development of the antiviral drugs that have so greatly improved the prognosis far patients over the past decade or so. It is not simply that these dissenters are wrong, because wrong answers can sometimes stimulate controversy that helps lead to correct answers. Rather, as the physicist Wolfgang Pauli liked to say, they are "not even wrong". That is, their arguments are useless and even detrimental to the pursuit of further knowledge. This being the case, the publication and maintenance of scientifically accurate academic standards is a vital quality-control function of the states. Given the far-reaching ramifications of evolution in the lire sciences as well as in other sciences, a complete and proper exposition of evolution is an essential constituent of state science standards. Short- changing, distorting or omitting evolution harms the teaching of the sciences, and makes it difficult far the student to come to a clear understanding of how science works.

Given this state of affairs, a school district or a state cannot argue that it is a simple matter of democracy to advocate a scientifically unacceptable opinion because a majority or vocal minority of citizens holds that opinion. One can understand the desire of parents to raise their children to think as they do. But if the parents have a poor understanding of the content and methods of science, it is well if they hope and expect that their children wi1l understand science better than they do. In doing so, parents will provide the means to expose their children to expertise beyond their own. Indeed, that is why most parents want to send their children to school.

About two- thirds of US states today have science standards that are consistent with this educational philosophy. We owe it to the students in the other third to raise the standards to the same level in these states. Poor education, wherever it may be and in whatever discipline, affects us all. .


