Teaching Evolution in a Climate of Controversy
Meshing Classroom Practice with
Science and Common Sense
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Preliminary Notes

Theissuestha confrontall eductorsin theteaching of evolution are sodal, religious and even
political. Andthese are thethingstha make them troublesome. | will propos tha themost
effective and mog respectful way to deal with these issuesis also thesimplest N to treat them
simply as matters of science education.

It istruetha evolution N even when propealy taught N is atopic that engende's passionae
resistance from many members of thepublic. | will notsuggest tha careful, accurate, respectful
teaching of evolutionwill ever silence all critics, especialy those who feel tha ther fundanental
values are threatened by thewhole of moden science. What | do propog is tha evolutionay
biology, fully described and examined, need nat bein conflict with community valuesin
Tennessee, Kansas, Massachusetts, or anywhere else.

| will suggest this can be achieved by teaching evolution in ways tha seek to avoid unnecessary
conflict with religion, tha encouragerespect for the variety of religiousbdiefs, and that
emphasize thetentative, evolving nature of scientific knowedge

Findly, | will arguethat science educators have a powerful, surprising ally that can beenlisted in
our efforts to normalize theteaching of evolutionN 21 century American popubr culture.
Evolution'spower as an explanaory narative of our plang's human and biological past has
influenced movies, television shows, books even games andtoys By ugngthese mediaas
classroomtools, onecan fire theimaginaion of our students and simultaneoudy defuse theissue
of evolutionasa"controversia” theory.

Our god as educatorsis never to compd bdief, but always to promote an undestanding of
evolutionasitreally is. an essentia, expangve, powerful explanatory tool tha fuses the vast
diversity of biology into a single compdling narative of changethroughtime.

www.millerandlevine.com
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Teaching Evolution in a
Climate of Controversy: New
Challengesin the Science
Classroom

As science educators, the challengeswe face today in the United Statesinclude anissue
that science itself settled nearly a century and a half ago N the issue of evolution.
Opposition to evolution comesin many forms, and it can be understood in a number of
ways. We might, for example, analyze the philosophical, religious, or cultural roots of
anti-evolutionism, and several writers have done exactly this. Tonight, however, | will
propose that we, asscience educators, ought to do something different. We should deal
with anti-evolutionism purely asan issue of science education.

We might begin with the National Science Education Standards, adocument prepared
by the National Academy of Sciences, that sets an ambitious series of goals for
American education. Aswewill see, evolutionary scienceiswoven through every level
of the Standards, beginning with the principles of earth and physical science at grades
K-4, and culminating with a sophisticated review of evolutionary theory at the
secondary level.

In many ways, what we can learn tonight from the specifics of the Standards are less
important than their general theme, which isthat evolution is not a subject apart, an
isolated concept, adiscipline separable from the rest of sciences. Rather, evolutionis
part and parcel of a unified science of biology. Therefore teaching evolution properly
isn't an issue of slipping a specific, isolated set of teachingsinto a science curriculum
that can exist with or without it. It'ssimply a matter of teaching all of biology, all of
science, and teaching it well. Thismeans that teaching evolution does not require usto
do something "special." It requiresonly thatwe do our jobs completely.

In many school districts, where evolution is acontroversial topic, this advice will seem
to run contrary to experience and common sense. Evolution in many placesis, indeed,
viewed asa spediad topic that provokes parental concern, lettersto the editor, callsto
superintendents, and even debatesin state legislatures. Why isthisso? The answer is
simple enough N evolution isgenerally believed to conflict with religious and
community values, to present a threat to what parents wish to teach their children at
home and in church.
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What | propose we ask tonightisto ask if thisreally and truly hasto be the case. If
evolution, properly taught, if science, fully adknowledged and examined, hasto bein
conflict with community valuesin Tennessee, in Kansas, in Massachusetts, or anywhere
else. I don't think it does. | propose that we begin by refusing to accept that conflict
between science and religion is unavoidable.

There are anumber of waysin which evolutionary science can be reconciled with the
most conventional and literal of religious teachings, and | will discuss several of these.
Each, | will argue, encourages the same sensible strategy for dealing with religious
conflicts that might arise in science education. The strategy is:

(1) Never to seek conflict where it isavoidable.

(2) Alwaysto encourage respect and understanding for religious belief.

(3) Alwaysto teach science "correctly,” by which | mean to emphasizethe
tentative, evolving nature of scientific knowledge.

It isespecially important that we begin this processin the early grades. Keeping
evolution'sintegration with the other sciencesin mind, science education in early
grades should concentrate on developing a scientific view of nature. Such aview
includes appreciation of:

¥ The size and scale of the universe.
¥ Ages of the earth and the solar system.
¥ The unity of the physical and biological worlds

Asyounger students gain confidence in the scientific approach, more complex concepts
can be developed in themiddle grades. These include:

¥ The ability of organismsto reproduce their own numbers without limit.
¥ Individual variation among members of every species.

¥ The heritability of variation.

¥ Differential reproductive success among individuals.

¥ The dramatic changes over time found in natural history.

You will, of course, recognize that these exac scientific concepts formed the badgs of
Darwin'sreasoning and remain, today, asthe foundations of evolutionary thinking.
Finally, evolution itself should be presented not asan isolated just-so story with an
unwelcome message, but asthe unavoidable conclusions of a framework of facts and
principlesthat lead one to recognize evolution asawell-understood, well-supported
process of change through time. The educational elements of this processincluding
demonstrating to students that:

¥ Organismsroutinely generate new variation.

¥ Sometimes this variation is beneficial (the flu, HIV, insects)

¥ Natural selection, acting on this variation, changes the nature of populations
(not individuals!) over time.
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¥ The range of variation in recognized species sometimesis so great it makes it
hard to tell where one species leaves off and where two should be recognized.... the
very fact that we have aword (variety) to refer to such casestells usthey are common,
and allows usto recognize numerous cases of incipient species around theworld.

Asl will emphasze, my central thesisis not that scientific knowledge can or should be
withheld from those who resist it. Rather, | will argue that evolutionary science can and
should betaught in away that respects and enrichesreligion. All science educators
should realize that western religions were essential to the intellectual transformation
that made the scientific revolution possible. Religious motivations to understand nature
have motivated many scientists, including Darwin himself.

Finally, I will emphasize two crucial things about science:

First, science never provides uswith the definitive, final answer to any question. This
means that one doesn't "believe" in evolution any more than one "believes" in organic
chemistry. Rather, one accepts evolution asan explanation well supported by fact, asa
theory that explains facts and makes sense of them, and asa productive and useful way
to conduct further research. Thisdoesn't mean that anyone ever hasto accept
evolution to learn biology; but it does mean that no person isfully educated without an
understanding of it.

Second, science never provides absolute knowledge. It answerslimited questions
about naturein alimited (but very useful way). This means that science by itself can
never address questions of meaning and purpose, even though such questions are
important to each of us.

Evolution, properly taught and properly understood, is never a challenge to belief or
faith. 1 would argue, perhaps surprisingly, that our tasks asbiology educators are not
complicated by the controversies associated with the teaching of evolution, but are
actually made simpler. Evolution isthe central organizing principle of the life sciences,
an explanatory theory that reveals, exactly asDarwin wrote, the "grandeur” of life and
the majesty of the natural world. The misunderstandings of those who oppose the
teaching of evolution should never cause usto lose heart or tempt usto set Darwin's
greatideaasde. | would hopeinstead that the opposition to science education will
make us refine and improve our methods of teaching, and appreciate more than ever
the extraordinary insights that evolution gives to each and every branch of the science
of life.

Kenneth R. Miller

Professor of Biology

Brown University

Providence, Rhode Island 02912
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The National Center for Science Education

http://www.natcenscied.org/

TheNationd Center for Science Education should be thoughtof as your primary resource in
defending theintegrity of science teaching. NCSE maintainsa web site with arangeof
information useful in meeting chdlenges to theteaching of evolution, and NCSE staff are always
willing to provide suppot to teachers and school boardsin crisis situdions

NCSE
420 40th Street Suite 2
Oakland, CA 94609-2509 aPhone: (510) 601-7203 aFax: (510) 601-7204

TheTalk Origins Archive
“ & The Talk.Origins Archive

Exploring the
Creation/Evolution
1 Controversy

http://www.talkorigins.org/

An extraordinary resource of facts, andyses, and arguments devoted to the Evolution-Creation
controversy. When looking for the answer to a specific scientific chdlengeto evolution, such as
theage of theearth or the suppo®d lack of trangtiond forms, Talk Originsshould beyour first

stop. For aquick introdudion to some of theresources available at this site, visit the"Mug-
Read" files at this address:

http://www.talkorigins.org/origins/fags-mustread.html
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The National Academy of Sciences

HOME DIRECTORIES PUBLICATIONS SEARCH SITE MAP ABOUT

k U FOR MEMBERS CURRENT PROJECTS EMPLOYMENT BROWSE FEEDBACK

SCIENCE AND CREATIONISM

http://nationalacademies.org/evolution

Dr. Bruce Albets, outgoing President of the Nationd Academy, has been outspoken in defense
of evolution, and has placed thefull weight of theNationd Academy behind efforts to defend the

teaching of evolutionin theschools.

Publications from the National Academy:

Several publicationsare available from the National Academy tha should be on every biology
teacher'sbookshdf (you can also read each of them on-ling). They indude

¥ Science and Creationism (1999)

¥Teaching AboutEvolution and the Nature of Science (1998)

¥Evolutionin Hawaii: A Supplement to Teaching About Evolution and the Nature of
Science (2004)

Science and Creationism

A View from the National Academy of Sciences

Second Ednhon

Teaching About Evolution and the Nature of Science

Evolution in a Climate of Controversy Page 7



The American Association for the

Advancement of Science

AAAS Evolution Resources ﬁ!

http://www.aaas.org/spp/dser /evolution/

AAAS istheleading American scientific organization. It maintainsa useful web pageon
evolution featuring educationd and historical resources, recordsof court cases on evolution and
creation science, and scientific resources induding the complete text of On the Origin of Species.

The National Association of Biology Teachers

The NABT maintainsaweb pagewith a sseries of strong statements on
theteaching of evolution:

http://www.nabt.org/sub/evolution/

"Nothing in biology makes sense except in the light of evolution." This
often-quoted assertion accurately illuminates the central, unifying role
of evolution in nature, and therefore in biology.

"Teaching biology in an effective and scientifically-honest manner
requires classroom discussions and laboratory experiences on
evolution."

" Frequently-Encountered Criticisms of Evolution”

Thisisoneof themod complete sites | have found dealing with every conceivable criticism of
evolution, fromthe age of the earth to the amountof dug onthe surface of themoon With
extengve linksto more detailed references such as Talk.Origins

http://www.vuletic.com/hume/cefec/

Special Note: This site is maintained by Mark I. Vuletic, a doctoral candidate in philosophy.
Marc is currently deployed in Iraq with the USMC, so he’s not in a position to provide
immediate responses to written questions.
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National Science T eachers Association
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ISLANDS OF CHANGE
TheNationd Science Teachea's Assodation maintainsa page of excellent evolution resources,
and has published a series of booksdirectly addressing classroom controversies.

www.nsta.org/evresources

Teaching Resources with Classroom and Field Exercises on
Evolution

The Site far Health and Bmscuence Teachers and loamm
Originally developed by Genentech, Inc.

[;"‘s:cz;'s e IR CE =

Activities Exelfange
http://www.accessexcellence.org/AE/AEPC/WWC/199%/

A series of supeab teaching exercises on theprindples of evolutionay biology. More than 30

exercises are archived at the site, induding demonstrations exploration projects, classroomand
field activities, and even songd
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http://www.indiana.edu/~ensiweb/less.fs.html

A series of lessonsand classroom exercises (from Indiana University) relating to different
aspects of evolution.

EVIDENCE

EVOLUTION 101
 RELEVANCE OF EVOLUTION

NATURE OF SCIENCE

NOT SURE whERE  J \ HISTORY OF
TO START? auff v EVOLUTIONARY
START HERE! Welcome to THOUGHT

UNDERSTANDING

EVOLUTION

an evolution website
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OVERCOMING ROADBLOCKS = POTENTIAL PITFALLS

The Natural History Museum of the University of California at Berkeley has a wondeful web
site suppoting both teachers and students in the study of evolution.

http ://evolution.berkeley.edu/
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Kitzmiller v. Dover - Thetrial of Qntelligent DesignO

¥ The2005Fedea lawsuit in Dover,
FOR THE MIDDLE DISTRICT OF PENKSYLVANIA Penng/lvania over theteaching of Ontelligent
TAMMY KITZMILLER, et sl : Case No.04cv2688 des gné sawatershed of valuable information
Plaincl . Judge Jooss for science educators. Written in plain, non
\ legdistic English, JudgeJohnE. JonesO
DOVER AREA SCHOOL DISTRICT, 14, da;|s| on iS a masterp|ece Of andyss and
ettt : scientific undestanding. Kitzmiller v. Dover,
e e asthedecisionis known, isavailable from
e——— several sources ontheweb, and can be
AT downloaded in PDF format.

On October 18, 2004, the Defendant Dover Area School Boerd of Directors

passad by 1 6-3 vole the follown

e Resources from thetria indudefile transcripts
b of testimony be expert witness, and images
used during thetrial.

Students will be ma
Darwin’s the
including, bul
Note: Ongins of

On November 19, 2004, the Delendant Dover Ares Scheol District announced by

r’g\s :Tlut\l.n wnu:-urn:.rlhx'x._.v.x-..'i'l‘< u,:;::blv-uu;]i l\';.;x'ul |;'.I:-.._ Wd:) S‘t% m the Nmiona Cmta for &:imw
e e S s Education (NCSE) and Talk Originscontain
mog of thetrial documents.

School:

ana Acadermc Standards require students
arwin’s Theory of Evolution amxd

http://lwww2.ncseweb.org/kvd/
http://www.talkorigins.org/faqs/dover/kitzmiller_v_dover.html

Also notto bemissed isthe Wikipedia article on the Dover tridl:
ﬁf‘;ﬁ;i’i’*" = By = e ¥ & S ]
ag=

2 article discus sion edit this page story
W
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Kitzmiller v. Dover Area School District

bt} From Wikipedia, 7 tree encyclopedia

s

WIKIPEDIA : tard wolaido -

The Frve Encyclopedia ammy Kitzmiller, et al. v. Dover Arca Schoo! District, et al., Case No. 04cv2533, was the
first direct challenge brought in United States fex ouns against a public scheol district that
required the presentation of "Inlelligent Design” as an alternative te evolution as an "explanation
of the origin of life*. The naintiffa auccassfully amued that intelligent design is a form of
creationism, and that the school board policy thus viclated the Establishment Clause of the
First Amendment 10 the United States Constitution.

:ranaahon

= Main Page
= Comnunty Portal
= Feclured arliches

= Curren: evens

= Recant changes Eleven parenta of students in the 3choo datdat in Dover, Pennsylvania, near Harrishurg, sued
= Random arice the Dover Area Schoel District over a statement that the school board required to 2 read aloud
= Hely in ninth-grade science class \ D
® Contact Wiipadia the American Civil Liberties U n of C:
|" Donations {AU) and Pepper Harnilion LLF, The National Center for Scence Education (NCSE) acted as
earch consultares for the piantfis. The defendanta were rapresented by the Thomas More Law
| Center. The Foundation for Thought and Ethics, pudlisher of a textbock advocating intelligent
5o e design titled Of Pandas and People, 1484 to join the lawsut as a defendant but was denied.
! 12
jeetbox The suit was brought in the U.S. District Court for the Midd e District of Pennsylvania and tred

= What lnks he

In a beneh trial from September 28, 2006 to November 4, 2005 before Judge John E. Jones |11
On December 20, 2005 Judge Jones issued his 139-page © » fact and decision, ruling
hal the Dover mandate was unconstitutonal, and barred intelligent dosign from being laught in
public 3cn0o! scence cleserooms. The current Dover school boasd president stated that the
board does nct intend 1o appeal the ruling. [2]

& Pormanent Ink
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i 0060 Ken Miller's Evolution Page

| < I A Al |?\ |T[ () h!tp:,//'www.mlllerandIevmeAcomi/'krin/aﬁlndex.html D alQ-

[J1 Google Mapsy Apple Amazon Newsv Brownv Travelv Journalsv HASTIv TEA Numbersv .Mac eBay Yahoo!

Brown Evolution Resources

New Articles on the Failure of Evolution & Religion:
"Intelligent Design:" Evolution and the Catholic Church (op-ed 2005)

"The Flagellum Unspun - The Collapse of Interviews @ ChristianityToday Library:

Irreducible Complexity." “Finding Darwin's God" (2004)
Scientific studies of ID's "poster child" the “A Higher Opinion of God" (2004)

bacterial flagellum, have destroyed this "icon" Talks on Evolution:
of the anti-evolution movement.

Nov, 8, 2002: NPR's Science Friday. An

"Answering the Biochemical Argument from hourlong discussion of “Intelligent Design" and
Design" the new science curriculum in Ohio.

The ID movement pretends that its biochemical

. . pril 23, 2002: Debate on Intelligent Design at
arguments against evolution are new, novel, and Apri
Yot to: S ethdly o S American Museum of Natural History (NYC) (A

scientific. In fact, they are nothing of the sort. transcript of the debate is available on-line)

Ken Miller's "Remove Stickers. Open Minds" (My January., March 2. 2002: Evolution & God: Why
2005 Boston Globe Op-Ed piece on the anti- TIntellicent Desian Theory Isn't Science

Home Page evolution textbook warning stickers in Cobb (Cleveland, OH)
County, Georgia)

RESNETI I MILLER

Click Here for an account of my remarks in a debate on Evolution in front of the Ohio Board of
Education on March 11, 2002.

Opponents of Evolution in Ohio and other states have pretended that the teaching of "intelligent
design" is required by the new Education Bill. They're not telling the truth. Click Here to check the
facts about the "Santorum amendment” for yourself.

Anti-evolutionist Jonathan Wells is now trying to recover from the March 11th debate in Ohio by
leveling personal attacks. Click Here for details.

Findly, don® overlook theweb site that | maintain on evolution. It containsa variety of linksto
op-ed pieces, scientific articles, aswell as my bodk on evolutionand religion, Finiding Darwin’s
God.

http ://www.miller andlevine.com/km/evol/

BROWN UNIVERSITY

Kenneth R. Miller

Professor of Biology

Division of Biology & Medicine « Box G-B5 « Providence, RT 02912
Phone: 401-863-3410 « kenneth_miller@brown.edu
http://bms.brown.edu/faculty/m/kmiller/
http://www.millerandlevine.com

Evolution in a Climate of Controversy Page 12



