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“Explore Evolution” Exposed

The Intelligent Design / Creationist book sent to 
all UK schools by “Truth in Science” in Dec 2009

A Quick Summary

Educational policy: 

Despite claims in Explore Evolution, neither the 
British nor American governments treat evolution as 
scientifically controversial, nor do they encourage 
social controversies to be taught in science classes. 

Science: 

Explore Evolution distorts the conclusions of 
legitimate scientific research and  offers anonymous 
ÒcriticsÓ in place of substantive analysis. Students who 
read Explore Evolution will come away with a flat-out 
wrong understanding of evolution.

Explore Evolution promotes Òintelligent designÓ 
creationism.  Beneath all its distortions and all its 
misrepresentations of modern evolutionary science, 
Explore Evolution uses hackneyed creationist anti-
evolution arguments. Students who are required to read 
this book in a science classroom will be confused by its 
flagrant inaccuracies, and will be put at a disadvantage 
in examinations  which require an understanding of 
modern biology. 

Scientific controversy vs. social controversy: 

Explore Evolution consistently muddles the idea of 
controversy within the scientific community with 
societal disagreement about the political and moral 
implications of a scientific idea. Evolution as central to 
modern biology as atomic theory is to modern 
molecular science. The only controversy surrounding it 
comes from particular religious groups who object to 
evolution for reasons well outside of science.

Educational terminology: 

Enquiry-based learning is a new pedagogical system 
that holds great promise for the improvement of 
science education. Explore Evolution does not employ 
this pedagogical approach. 

Explore Evolution discourages enquiry and 
independent exploration of topics, especially evolution. 
Instead, Explore Evolution creates a false impression 
of unresolved problems within the science of evolution, 
and encourages students to regard these problems as 
insoluble.

This guide is designed for 
science teachers, school  
librarians and students.

Explore Evolution is not suitable for use in 
UK school science lessons for the following 
reasons;

¥Explore Evolution is Creationist.

¥Explore Evolution does not conform to 
the National Curriculum.

¥Use of Explore Evolution would directly 
contravene the Government Guidelines 
on the teaching of Creationism.

¥Explore Evolution misrepresents science.  
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What about the 
National Curriculum?

The authors of Explore Evolution 
[EE] give us the following 
comments about the National 
Curriculum;

“In the United Kingdom, the 
National Curriculum for Key 
Stage 4 Science now recommends 
that, "Pupils should be taught 
how scientific controversies can 
arise from different ways of 
interpreting empirical evidence 
(for example, Darwin's theory of 
evolution)."”

[EE, p.ii]

But they fail to mention the 
actual government guidelines on 
the teaching of creationism in 
schools http://
www.teachernet.gov.uk/docbank/
index.cfm?id=11890;

“Creationism and intelligent 
design are sometimes claimed to 
be scientific theories.  This is not 
the case as they have no 
underpinning scientific 
principles, or explanations, and 
are not accepted by the science 
community as a whole.  
Creationism and intelligent 
design therefore do not form part 
of the science National 
Curriculum programmes of 
study.”

And;

“ Any resource should be 
checked carefully before it is used 
in the classroom.  If resources 
which mention creationism or 
intelligent design are used, it 
must be made clear that neither 
constitutes a scientific theory.”

Furthermore OCR (The Oxford 
Cambridge and RSA 
Examinations body) explain that 

they do not regard evolution as a 
scientific controversy today, only 
at the time Darwin published (our 
emphasis):

“At OCR, we believe candidates 
need to understand the social and 
historical context to scientific 
ideas both pre and post Darwin. 
In our Gateway Science 
specification, candidates are 
asked to discuss why the 
opponents of Darwinism thought 
the way they did and how 
scientific controversies can arise 
from different ways of 
interpreting empirical evidence. 
Creationism and "intelligent 
design" are not regarded by 
OCR as scientific theories. They 
are beliefs that do not lie within 
scientific understanding.”
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The Origins of “Truth in Science”
Here are some extracts from an advert in the 
Evangelical Times asking for people to help set 
up and run Òtruth in scienceÓ;

“For our children and grandchildren, God is 
thus robbed of His glory. Young people are 
encouraged into a way of thinking that leads to 
atheism, hedonism, despair and moral 
bankruptcy.”

“This matters because a false view robs us of 
our sense of value and purpose before a 
Sovereign Creator God.”

“As citizens with a concern for the family we 
seek to encourage Christians to be confident 
that God’s spoken command in space-time 
history resulted in supra-natural creation.”

“TIS seeks to encourage scientists to present the 
truth fairly and to expose as charlatans those 
who deliberately mislead. Our aim is to 
compliment [sic]the work of existing Creation 
groups by targeting education in particular.”

“Do you wish to see our children being taught 
the truth rather than having their moral and 
spiritual lives undermined?”

Full details of the TiS advert here; 

http://bcseweb.org.uk/index.php/Main/
TruthInScienceRevealed

We also discuss there the various members of 
TiS and detail their views on the 6,000 year age 
of the earth, the veracity of a global flood and 
NoahÕs Ark and the fact that Dinosaurs walked 
the earth alongside humans.

Yet the TiS web site, like "Exploring Evolution" 
itself, is designed to convey an altogether 
different impression, disguises its rejection of 
the core concepts of the authorised biology 
curriculum, and even carries a quotation 
(unauthorised, of course) from Richard 
Dawkins!

Who are they?
Explore Evolution was sent to every school and 
college in the UK in early December 2009 at 
considerable expense by a group calling itself 
ÒTruth in ScienceÓ (TiS).

TiS are a group of Young Earth 
Creationists.  They hold that the Bible is to 
be interpreted in a strictly literal way that 
trumps any scientific evidence to the 
contrary.  They think that the earth is only 6,000 
years old (which they calculate from adding up the 
begats in the Bible).  They also think that the global 
flood and NoahÕs Ark were real and that Dinosaurs 
walked the earth with human beings.

They have done it before
In 2006 Òtruth in scienceÓ sent out a resource pack 
to the head of science in every UK high school and 
college. The pack included two DVDÕs and lesson 
plans and claimed that it met the requirements of 

the national curriculum.

The public backlash led to 
questions in the House of 
Commons, an Early Day 

Motion quoting the BCSE 
and the issuing of the teacher 

guidelines regarding the use of  
creationist materials that we 

quoted on page two.

A full analysis of those materials can be seen here;

h t t p : / / b c s e w e b . o rg . u k / i n d e x . p h p / M a i n /
TruthInScienceRevealed

http://bcseweb.org.uk/index.php/Main/TruthInScienceRevealed
http://bcseweb.org.uk/index.php/Main/TruthInScienceRevealed
http://bcseweb.org.uk/index.php/Main/TruthInScienceRevealed
http://bcseweb.org.uk/index.php/Main/TruthInScienceRevealed
http://bcseweb.org.uk/index.php/Main/TruthInScienceRevealed
http://bcseweb.org.uk/index.php/Main/TruthInScienceRevealed
http://bcseweb.org.uk/index.php/Main/TruthInScienceRevealed
http://bcseweb.org.uk/index.php/Main/TruthInScienceRevealed
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More from one of 
the authors
To understand the nature of the social 
(not scientific) controversy around 
evolution, one need look no further than 
the writings of Explore Evolution co-
author Paul Nelson. In an essay 
defending his young earth creationist 
views in Three Views on Creation and 
Evolution, Nelson explains:

“[Young earth] creationists have 
important religious and biblical 
considerations to buttress their 
suspicions of evolution, theistic or 
otherwise. [Theistic evolution is the 
belief that scientific observations cannot 
conflict with religious interpretation; 
young earth creationism holds that such 
conflicts exist, and that religious 
interpretation trumps scientific 
observations.] They believe in a 
historical Fall with profound 
consequences for the entire natural 
economy. While they may differ on the 
physical nature of the curse, [young 
earth] creationists tend overwhelmingly 
to understand the curse of Genesis 
3:14-19 as marking a radical change in 
the natural order, affecting not only 

human beings but all organisms. Death 
came to the world with Adam.

The secular account of natural history is 
a bloody one. It is full of dead-end 
species and waste. Evolution, in the 
modern sense, 
consumes life upon 
life to allow the 
fittest to survive and 
adapt. It is wasteful. 
It is inefficient. It is 
“red in tooth and 
claw.”

With skillful 
argumentation this 
bloody history 
could perhaps be 
made consistent with the purposes of a 
wise and loving Creator. It is hard to see 
how such a story will ever be appealing 
to someone not already committed to 
Christian theism. The problem of evil in 
the world is hard enough to explain 
without the addition of millions of years 
of animal suffering to round it out.”

Paul Nelson and John Mark Reynolds 
(1999) ÒYoung Earth Creationism," p. 
47, ch. 1 in Three Views on Creation 

and Evolution, J. P. Moreland and John 
Mark Reynolds, eds., Zondervan 
Publishing House: Grand Rapids, MI, 
296 p.

In a later section of that essay entitled 
ÒWhy it matters,Ó 
Nelson relates a story 
about an unsuccessful 
attempt at Christian 
evangelism, an attempt 
he believes was 
stymied by his 
audienceÕs experiences 
with evolution. Schools 
are not the place for 
such evangelism, let 
alone the science class. 
The amount of death 

which has occurred in the world's 
history is a matter which can be 
assessed from fossils and other 
evidence. The aesthetic, moral or 
metaphysical discomfort which 
awareness of that death might provoke 
in some people is not a matter of 
scientific evidence, and does not make 
the fossil record or evolution 
controversial. A book which cannot 
distinguish aesthetic disagreement from 
scientific debate should not be used in 
science classes.

Scientific controversy vs. 
Social controversy
In the first few pages, Explore 
Evolution misidentifies social 
controversy as scientific 
dispute, misdefines 
basic terminology, 
m i s r e p r e s e n t s 
scientists, and misunderstands pedagogical 
principles.

The book’s religious agenda is misleadingly 
obscured. Papers and government policies are 
misrepresented and mis-cited. These errors are 
woven together like a conjurer’s words, 
misdirecting the reader from the mundane 
mechanics going on up the authors’ sleeves.

These errors are not random; they are all 
essential to sustain the massive error underlying 
the entire purpose of the text. That purpose is to 
use the science classroom as a forum to exploit 

and generate a “public controversy.” To justify the 
existence of the book, then, they must claim that 
evolution is not merely a matter of “public 
controversy,” but is scientifically questionable. 
That claim justifies the authors’ appeal to let 
students be their own jury, which in turn invites 
the authors to present supposed “critics.” The 
identities and agendas of those “critics” are 
masked, preventing students from appreciating the 

fact that ongoing research into 
evolution, like research on plate 

tectonics, is scientifically 
uncon t rovers ia l . Curren t 

research and scientific debate 
focuses not on whether evolution 

happens and can explain the diversity of 
life, but which evolutionary mechanisms 

have dominated. Students reading Explore 
Evolution will not understand this key fact, and 

will be ill-prepared for more advanced science 
classes.
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Creationist material 
with a scientific 
disguise
Explore Evolution uses the creationist 
Òevidence against evolutionÓ and 
Òteach the controversyÓ strategies to 
misrepresent scientific consensus and 
distort the conclusions of legitimate 
scientific research. Explore Evolution 
offers anonymous ÒcriticsÓ in place of 
substantive analysis. Students who read 
Explore Evolution will come away with 
a flat-out wrong understanding of 
evolution.

Explore Evolution promotes Òintelligent 
designÓ creationism. Beneath all its 
distortions, all its misrepresentations of 
modern evolutionary science, Explore 
Evolution uses hackneyed creationist 
anti-evolution arguments. Students who 
are required to read this book in a 
science classroom will be confused by 
its flagrant inaccuracies, and will be put 
at a disadvantage in examinations  
which require an understanding of 
modern biology.

Only two of the books five co-authors 
have any formal qualifications in 
biology and four out of the five are 
closely tied to the Òintelligent designÓ 
creationism movement. Lead author 
Stephen C. Meyer is a Discovery 
Institute (DI) vice president and 
program director of the DIÕs Center for 
Science and Culture. Paul A. Nelson is a 
fellow of the DI. In 2005 in the 
Kitzmiller trial, Scott Minnich testified 

in favor of teaching Òintelligent designÓ 
in public schools in the US.

Explore Evolution distinguishes itself 
with its systematic and disingenuous 
misrepresentation of scientific facts and 
the scientific process. Its underlying 
goals are not to educate students, but to 
misinform and confuse, in order to 
promote fringe ideas.

“Teach the 
Controversy”
Many of the systematic errors that lace 
Explore Evolution are introduced in the 
preface. These errors are not random; 
they are all essential to sustain a 
creationist attack on science.

“…the theory of evolution remains the 
focus of intense public controversy … 
[and there are] real (and more 
interesting) scientific controversies 
about evolution.”

[EE, p. v]

Evolution is not scientifically 
controversial. To claim otherwise is 
simply wrong and, worse, unfair to 
students. Evolution is the fundamental, 
unifying principle of the life sciences, 
including medical and agricultural 
research, and recent advances in 
genomics and developmental biology.

Explore Evolution tries to compare 
evolution with the scientific 
controversies associated with string 
theory, plate tectonics, and global 
warming. This serves only to deepen 
confusion for students. String theory is 
currently scientifically controversial, 
just as plate tectonics was controversial 
until the 1960s, and global warming was 
scientifically controversial until the late 
1990s (and, for a few respected 
climatologists, still is). There has not 
been a scientific controversy about 
whether life evolved since the 19th 
century. Social controversies are 
independent of scientific assessments--
and are subjects best taught in social 
studies, rather than science classes.

“…scientists question key aspects of 
[what the book describes as 
contemporary Darwinian theory].”

[EE, p.v]

These supposed Òkey aspectsÓ are issues 
that are not scientifically controversial, 
yet are persistent targets of creationist 
attack. More than 70 years ago 
biologists reached a consensus about the 
validity of universal common descent, 
the power of natural selection, and the 
importance of studying fossils, 
embryology, biogeography, and 
homologous structures. More recently, 
molecular biology has confirmed this 
consensus in ways that could not have 
been foreseen at that time.  Ongoing 

disputes about the details of evolution 
do not support the implication of 
Explore Evolution that there is scientific 
doubt of the underlying validity of 
evolution itself. This classic creationist 
strategy is simply false.

“The approach we are using in this 
book is called ‘enquiry-based’ 
education.”

[EE, p.v]

The approach toward learning actually 
used in Explore Evolution is old-
fashioned, and directly at odds with the 
enquiry-based approaches developed by 
leading science educators. Enquiry-
based education provides students with 
appropriate background information and 
encourages them to formulate testable 
hypotheses. Explore Evolution does not 
do this.

“[U.S. and U.K. national policies] call 
for teaching students about competing 
views of controversial scientific issues.”

Neither government treats evolution as 
scientifically controversial, nor do they 
recommend teaching about these 
contrived controversies in science class.  
Indeed the OCR statement quoted above 
specifically excludes invoking 
Òintelligent designÓ in this context.  The 
ÒpolicyÓ statements listed in Explore 
Evolution are misrepresented and 
misquoted. 

“Mystery” Critics of 
Evolution
The book makes regular reference to 
critics of evolution and has this to say 
about them;

“The main thing you need to know is 
that ‘the critics’ are not … the same 
from chapter to chapter.”

[EE. P.vii]

A reader ought to know a good deal 
more about the ÒcriticsÓ cited 
throughout the book than that they Òare 
not necessarily the same from chapter to 
chapter.Ó Most of the critics are 
creationists, motivated not by scientific 
interest, but by a religious agenda. In 
order to advance that religious goal, 
they and the bookÕs authors 
misrepresent science and scientists.
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Enquiry-based 
learning
In the enquiry-based approaches which 
are gaining acceptance in science 
education, the student is provided with 
appropriate background data, and then 
encouraged to generate a testable 
hypothesis, test it, and decide if the 
hypothesis should be accepted or 
rejected. These approaches reinforce the 
student's knowledge of the power and 
the limitations of the scientific method, 
and allow the student to arrive at a novel 
(to them) answer via their own efforts. 
Such "Eureka moments" can strongly 
reinforce the facts and concepts that are 
deemed pedagogically important by the 
instructors, and can even lead to insights 
that are unrelated to the immediate facts 
and observations. The power of this 
approach rests entirely on the notion 
that the student understands the 
background, poses the hypothesis, tests 
the hypothesis, and makes his/her own 
conclusions. The role of the instructor is 
very different in this model. As noted on 
the Duke University Center for Inquiry-
based Learning site: "When using 
enquiry, teachers must bite their 
tongues. Too many hints, too many 
questions, and too many answers take 
all the learning out of the process. And 
all the fun, too."

Unfortunately, this description is 
completely at odds with the approach 
used in Explore Evolution. In every 
instance, students are led through 
exercises where the authors provide the 
questions. In every instance, the student 
is given incomplete or even misleading 
information in the sections labelled 
"Case For", and then this incomplete or 
misleading information is 
rebutted by the authors (not 
by the student) in the 
"Reply" sections. Even in 
the "Further Debate" 
sections, there is no attempt 
to add critical information 
(e.g. citations of recent 
publications), which might 
allow the student to 
generate hypotheses and test those 
hypotheses. There is no opportunity for 
the Eureka moment; the students are 
merely led down the path that the 
authors desire them to tread. So the 
claim that this book is "enquiry-based" 
fails on at least two counts. First, the 
information needed to promote genuine 
enquiry is never given; the authors set 
up straw man arguments rather than 
provide the necessary complete 

information. Secondly, the students do 
not generate their own questions, do not 
test their own hypotheses, and never get 
a chance to experience the joy of 
discovery that has been found to be 
critical in any truly 
enquiry-based endeavour.

The approach taken in 
this book is old-fashioned 
in terms of pedagogy, and 
radically different from 
the innovative and 
effective enquiry-based 
approaches developed in 
recent years. EE's method most closely 
resembles legal argumentation. The 
jurors (the students) are subjected to two 
presentations of opposite sides in a 
dichotomy, and asked to make up their 
minds. Jurors are not allowed to ask 
questions in a courtroom, and students 
are not allowed to ask questions in this 
book. Furthermore, just as might be the 
case in a courtroom, the jurors do not 
have access to all of the facts.

The phrase "enquiry-based learning" is 
exploited to promote the view that 
students should "debate Darwinism" in 
order to learn it. This is simply the 
Discovery Institute's latest strategy for 
insinuating and reinforcing doubts about 
the evolutionary sciences.

"Our goal in using this approach is to 
expose you to the discoveries, evidence, 
and arguments that are shaping the 
current debates over the modern version 
of Darwin's theory, and to encourage 
you to think deeply and critically about 
them."

Note the description of present-day 
biology as Òthe modern version 
of DarwinÕs theoryÓ.  

No good teacher or scientist is 
against scientific debate or 
critical thinking. The authors 
of EE, however, use this ideal 
as a guise for promoting 
misleading, incorrect, and 
incomplete information about 

evolution. Unfortunately, anti-
evolutionists have time and time again 
called for "critical thinking" or "critical 
analysis" of evolution, as a way to 
encourage students to criticize evolution 
and doubt its validity.

This statement is skillfully written to 
sound like good pedagogy. In reality, it 
deceptively uses the phrase "debates 
over the modern version of Darwin's 

theory" to insinuate doubt about the 
validity of evolution.

It is quite telling that Dave Springer, one 
of the administrators of Uncommon 

Descent, the blog of ID-
proponent William Demsbki, 
recently wrote this on one of the 
threads there.

Why is it that chance 
worshipping (sic) biologists are 
continually surprised at what 
they discover but design 

advocates aren’t surprised at all?

DaveScot (Dave Springer, blog 
administrator) Uncommon Descent 
Discovery Institute website, August 15, 
2007. http://ww.uncommondescent.com/
darwinism/it-seems-frontloading-is-
everywhere/#comment-132548

This question clarifies a distinction 
between the authors/publishers of EE 
and the scientific enterprise. The 
surprise of discovery is one of the best 
things about science. The smugness 
implicit in "I knew it all along", 
captured in this comment and fostered 
by the DI in this book, disdains 
surprises, and is the antithesis of 
enquiry-based learning. Scientists doing 
research actually do make unexpected 
discoveries; they are the lifeblood of 
real science. Surprises, discovery, and 
the joy of discovery are the incentives in 
enquiry-based learning. Explore 
Evolution is neither scientific nor 
enquiry-based. Instead, it reveals its 
revelation-based roots of neo-
creationism, in stark contrast to the 
enquiry-based roots of modern science 
and modern science education.  At every 
point, the alternative implicitly offered 
as the alternative to evolution is 
Òintelligent designÓ, a concept that can 
explain anything and therefore explains 
nothing.  This is the very opposite of 
enquiry, and indeed seeks to make 
enquiry unnecessary.

Summary of problems:

The approach toward learning actually 
used in EE is directly at odds with the 
enquiry-based approaches developed by 
leading science educators. EE gives 
students incomplete and/or misleading 
information and provides canned 
questions and answers, rather than 
providing students with appropriate 
background information and allowing 
them to formulate testable hypotheses.

http://ww.uncommondescent.com/darwinism/it-seems-frontloading-is-everywhere/#comment-132548
http://ww.uncommondescent.com/darwinism/it-seems-frontloading-is-everywhere/#comment-132548
http://ww.uncommondescent.com/darwinism/it-seems-frontloading-is-everywhere/#comment-132548
http://ww.uncommondescent.com/darwinism/it-seems-frontloading-is-everywhere/#comment-132548
http://ww.uncommondescent.com/darwinism/it-seems-frontloading-is-everywhere/#comment-132548
http://ww.uncommondescent.com/darwinism/it-seems-frontloading-is-everywhere/#comment-132548
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What is wrong with 
the Science?
There is so much missing or 
distorted material within the 
actual ÒscienceÓ content  of the 
book that we can do little more 
than list it here - so where 
appropriate we also give you 
links to the full details.

Critique Summary

Problems throughout Explore 
Evolution

¥ Social controversy is misidentified 
as scientific dispute.

¥ Basic terminology is misdefined.

¥ Scientists are misrepresented.

¥ Pedagogical principles are 
misunderstood.

¥ The book's creationist agenda is 
misleadingly obscured.

¥ Research papers are misrepresented 
and mis-cited.

¥ Government policies are described 
inaccurately.

¥ Scientists are quoted out of context 
in a manner that grossly 
misrepresents their views.

Anatomical Homology

¥ Fails to define 
"homology" (correctly).

¥ Fails to explain how modern 
evolutionary biologists actually use 
the concept

¥ Ignores the fact that the term 
"homology" has been superseded by 
clearer concepts.

Molecular Machines

¥ repeats erroneous statements and 
discredited claims about the 
bacterial flagellum

¥ ignores scientific research that has 
disproven its claims

¥ makes claims central to the 
"intelligent design" movement while 
avoiding the term "intelligent 
design"

http://ncse.com/creationism/analysis/
critique-summary

The Nature of Science 

The Introduction to Explore Evolution 
packs a tremendous number of 
fundamental errors into a remarkably brief 
chapter. These errors bear not only on the 
science of evolution, nor even biology in 
general, but on the nature of science itself. 
The introduction fundamentally skews a 
student's understanding of what science is 
and how it is practiced. 

¥ The first of these errors is a flawed 
distinction between historical sciences 
and experimental science, as if the 
scientific method were applied 
differently in these different fields. The 
apparent goal of that distinction is to 
cast doubt on scientific knowledge 
regarding historical phenomena like the 
age of the earth and the diversification 
of life. This error is profound, as it 
misinforms students about the 
fundamentals of how science is 
practiced in every field. 

¥ A similar error occurs when the authors 
misdefine how scientists determine "the 
best explanation." Since explaining a 
phenomenon after the fact is easy, 
merely explaining more evidence is not 
enough. Scientists judge explanations by 
their ability to make testable predictions, 
predictions which would disconfirm the 
theory if they were found to be wrong. 
Unlike the authors of this book, 
philosophers of science regard this 
testability as central to science, and 
regard approaches based only on 
verification and post hoc explanation as 
non-scientific.

"Historical science" vs. "experimental 
science" - http://ncse.com/creationism/
analysis/historical-science-vs-
experimental-science

Evaluating the quality of a scientific 
explanation - http://ncse.com/creationism/
analysis/evaluating-quality-scientific-
explanation

The Definition of Evolution

As used in standard biology textbooks, 
"evolution" has several connotations, but 
they all derive from a single concept. 
Explore Evolution obscures the 
relationship between these concepts by 
treating them as three definitions which 
can be taken in isolation from one another. 
These definitions are not actually different 
ideas, just different consequences of the 
same idea. Attempting to divide these 
topics and act as though students can 
choose which to accept a la carte is a 
common creationist fallacy.

http://ncse.com/creationism/analysis-
meanings-evolution

Evolutionary mechanisms

Explore Evolution describes only two 
evolutionary mechanisms, yet standard 
biology texts describe many more. The 
discussion of evolutionary mechanisms 
completely omits any reference to genetic 
drift, endosymbiosis, gene flow, gene 
doubling, genetic recombination and evo-
devo. 

This despite the fact that prominent 
biologists have argued that genetic drift 
and symbiosis may actually be more 
important to the history of life than natural 
selection or mutation, the only mechanisms 
mentioned anywhere in Explore Evolution.

http://ncse.com/creationism/analysis/
evolutionary-mechanisms

Universal Common Descent

Scientists continue to research the origins 
of life, and to investigate the possibility 
that early lineages of life shared genes so 
freely that very early living things cannot 
be separated into multiple discrete 
lineages. 

The extent of that sharing is a subject of 
active research and scientific debate. 
Explore Evolution misrepresents that 
ongoing research as if it were between 
advocates of a single tree of life and 
supporters of a "neocreationist orchard."

http://ncse.com/creationism/analysis/critique-summary
http://ncse.com/creationism/analysis/critique-summary
http://ncse.com/creationism/analysis/critique-summary
http://ncse.com/creationism/analysis/critique-summary
http://ncse.com/creationism/analysis/historical-science-vs-experimental-science
http://ncse.com/creationism/analysis/historical-science-vs-experimental-science
http://ncse.com/creationism/analysis/historical-science-vs-experimental-science
http://ncse.com/creationism/analysis/historical-science-vs-experimental-science
http://ncse.com/creationism/analysis/historical-science-vs-experimental-science
http://ncse.com/creationism/analysis/historical-science-vs-experimental-science
http://ncse.com/creationism/analysis/evaluating-quality-scientific-explanation
http://ncse.com/creationism/analysis/evaluating-quality-scientific-explanation
http://ncse.com/creationism/analysis/evaluating-quality-scientific-explanation
http://ncse.com/creationism/analysis/evaluating-quality-scientific-explanation
http://ncse.com/creationism/analysis/evaluating-quality-scientific-explanation
http://ncse.com/creationism/analysis/evaluating-quality-scientific-explanation
http://ncse.com/creationism/analysis/meanings-evolution
http://ncse.com/creationism/analysis/meanings-evolution
http://ncse.com/creationism/analysis/meanings-evolution
http://ncse.com/creationism/analysis/meanings-evolution
http://ncse.com/creationism/analysis/evolutionary-mechanisms
http://ncse.com/creationism/analysis/evolutionary-mechanisms
http://ncse.com/creationism/analysis/evolutionary-mechanisms
http://ncse.com/creationism/analysis/evolutionary-mechanisms


8

http://ncse.com/creationism/analysis/
universal-common-descent

"Fundamentally new" 
organisms

Evolutionary theory predicts relatively 
smooth and incremental transitions, not the 
sudden emergence of new traits or species. 
Even so, Explore Evolution discusses 
"whether natural selection can produce 
fundamentally new forms of life, or major 
innovations in the anatomical structure of 
animals" without ever explaining how 
students ought to distinguish "fundamentally 
new forms" of life from merely "new" forms, 
nor how "major innovations" can be 
distinguished from more mundane 
"innovations." The assumption that any trait 
would spring forth, fully formed, without 
precedent, is not a prediction of evolution, 
nor are these concepts in general use by 
biologists.

http://ncse.com/creationism/analysis/
fundamentally-new-organisms

Fossil Succession

This chapter promotes the view that different 
lineages of living things have independent 
histories and do not share common ancestry. 
This idea attacks the core tenet of 
evolutionary theory--that all living things are 
genealogically related. The refusal to accept 
common ancestry is the sine qua non 
(indispensable idea) of creationism in all of 
its various guises.

To try to undermine confidence in common 
ancestry, this chapter trots out some 
hackneyed creationist claims:

¥ transitional fossils are rare.

¥ the major animal phyla appeared abruptly 
in the Cambrian explosion.

The chapter also misuses the work of 
scientists who study the tempo and mode of 
evolution by implying that criticisms of 
gradual change in evolution undercut 
common ancestry.

This chapter also engages in a truly atrocious 
brand of pedagogy. Rather than teaching 
students what we do know about fossils, it 
focuses on what we do not currently know. 
The dangers of this approach can be seen 
when we examine the actual history of fossil 
discoveries, and the steadily shrinking 
lacunae (gaps) in the fossil record. A student 
who is made to learn about unfilled gaps in 

high school is likely to carry a memory of 
that lesson for the rest of his or her life, long 
after paleontologists have found fossils 
which clarify the situation.

Scientific inquiry thrives by identifying gaps 
in our knowledge, proposing a hypothesis 
which explains the underlying situation, and 
then testing that hypothesis with 
experiments. Fossil hunters do the same, 
combining their knowledge of geology with 
evolutionary history to narrow down their 
search for particular fossils. This approach 
has revealed details of the evolution of 
humans, of whales, and of life itself which 
were unimagined when the authors of this 
critique were in high school. Had our 
teachers taught us that science could never 
fill in the gaps, we might be as incurious as 
the authors of Explore Evolution seem to be.

Transitional Fossils Are Not Rare

Fossils with transitional morphology are not 
rare. Fossils illustrating the gradual origin of 
humans, horses, rhinos, whales, seacows, 
mammals, birds, tetrapods, and various 
major Cambrian "phyla" have been 
discovered and are well-known to scientists. 
Explore Evolution's claims to the contrary 
are just a rehash of older creationist 
arguments on this point, relying on out-of-
context quotes, confusion over terminology 
and classification, and ignoring inconvenient 
evidence.

http://ncse.com/creationism/analysis/
transitional-fossils-are-not-rare

Do animal forms change or stay the same?

This is not evidence against evolution.

http://ncse.com/creationism/analysis/do-
animal-forms-change-stay-same

Darwin on Transitional Fossils

“Darwin himself was well aware of the 
problems that the fossil record posed for 
his theory...Where were the multitudes 
of transitional forms connecting 
different groups, as predicted (and 
expected) by his theory?”

[EE, p. 30]

Note again the unhistorical 
concentration on Darwin.  What Darwin 
actually wrote:

“Why then is not every geological 
formation and every stratum full of such 
intermediate links? Geology assuredly 
does not reveal any such finely 
graduated organic chain; and this, 
perhaps, is the most obvious and gravest 

objection which can be urged against 
my theory. The explanation lies, as I 
believe, in the extreme imperfection of 
the geological record.” 

Charles Darwin (1859), The Origin of 
Species, p. 280.

Darwin's statement acknowledges an 
incomplete fossil record rather than a 
problem with his theory. 

Indeed the successive filling in of major 
gaps since Darwin wrote provides a 
striking example of successful scientific 
prediction, starting with Archaeopteryx 
and proceeding through to such recent 
discoveries as Ardipithecus.  To suggest 
otherwise is dishonest.

The Sequence of Transitional Fossils

Paleontologists employ methods to test 
whether their results are better than 
would be expected by chance. 
Evolutionary biologists draw data from 
multiple lines of evidence, and each of 
those lines of evidence reveals the same 
pattern Ñ the same branching tree of 
life.

http://ncse.com/creationism/analysis/
sequence-transitional-fossils

Whale Evolution

In reality, all paleontology experts agree 
that Pakicetus, Ambulocetus, and other 
famous "whales with legs" fossils are 
classic cases of fossils with transitional 
morphology. The people who disagree 
are Discovery Institute fellows and 
other creationists.

http://ncse.com/creationism/analysis/
whale-evolution

The Sizes of Transitional Fossils

Explore Evolution claims that because 
transitional fossils come in different 
sizes, they aren't really transitional

The point of presenting fossils at the 
same size is to illustrate the appearance 
of novel anatomical structures. Size is a 
feature that changes in individuals with 
age and diet, and relatively easily in 
evolving species in response to selection 
pressures.  Structural shifts, such as that  
from three bones on each side of the 
lower jaw to a single dentary bone, are 
far rarer and more informative about 
evolutionary history.
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http://ncse.com/creationism/analysis/
sizes-transitional-fossils

The Cambrian Radiation

For the vast majority of Earth's history, 
there existed only single-celled 
organisms. During the Cryogenian 
Period, 850-630 Ma (millions of years 
ago), the Earth experienced a series of 
deep glaciations, sometimes referred to 
as "Snowball Earth." As the ice waned, 
Ediacaran organisms made their first 
appearance. Ediacarans were large, 
strange, and probably sessile creatures 
of unknown affinity who lived between 
630-542 Ma.

At 542.0 ± 1 Ma, life on 
Earth radically changed, 
with the appearance of 
Trichophycus pedum, a 
mud burrower with 
complex movement. The 
first appearance of 
Trichophycus pedum marks the 
beginning of the Cambrian Period 
(542-488 Ma). From 542 Ma, and 
especially during the middle Cambrian, 
animal diversity rapidly increased. This 
is referred to as the Cambrian Explosion 
or the Cambrian Radiation.

Did Animal Phyla Suddenly Appear 
in the Cambrian Explosion?

The events of the Cambrian explosion 
are subject of ongoing debate and 
research. Some scientists argue that the 
fossils we see in the Cambrian represent 
the ancestors of modern phyla before 
those different groups had fully 
separated, and that the phyla truly 
emerged over a longer period of time. 
There are also questions about the 
preservation of fossils before the 
Cambrian, and it is possible that the 
explosion of fossils during the 
Cambrian represents a shift toward 
predator-resistant (and readily 
fossilized) exo-skeletons, rather than a 
shift in the actual diversity of life.

http://ncse.com/creationism/analysis/
sudden-appearance

Soft-bodied fossils

Explore Evolution claims that the 
ancestors of the cambrian phyla could 
not have been soft bodied.

This claim is based solely on an 
quotation from a Discovery Institute 
Fellow, a toxicologist whose credentials 
are misrepresented to claim he is a 
"marine paleobiologist." This claim is a 
variant of the Ògaps in the fossil recordÓ 
argument, a gap that is being steadily 
filled by scientists.

http://ncse.com/creationism/analysis/
soft-bodied-fossils

Cal Academy of Sciences display

Did a 1990s Cal Academy of Sciences 
display on Cambrian phyla showed the 
phyla connected without common 
ancestors?

“…A fossil exhibit on display at the 
California Academy of Sciences in the 
1990s. It showed fossils arranged in the 
familiar branching-tree pattern… the 
phyla lines are parallel, illustrating that 
each phylum remains distinct--separate 
from the other phyla--during the entire 
time it appears in the fossil record.”

[EE, p. 34]

Even if the description of this exhibit is 
accurate, this display does not 
undermine evolution. Even if a 
hypothetical exhibit were inaccurate, 
one mistaken exhibit is not evidence 
against evolution any more than a 
misspelling on a picture caption changes 
the spelling of the word.

http://ncse.com/creationism/analysis/
cal-academy-sciences-display

Nature of Scientific Disagreement

Explore Evolution makes a big deal of 
their single tree/orchard analogy:

“Some see evidence of an orchard of 
separate trees; others see a single, 
continuous, branching tree.”

[EE, p. 34]

There is no such thing as evidence for 
Òan orchard of separate treesÓ.  
Scientists see evolution as a continuous, 
branching tree, not as separate trees. 
This statement is simply a 
misrepresentation and does not cite any 
sources for its claim.

“We have seen that scientists disagree 
over how to interpret the fossil 
evidence.”

[EE, p. 34]

While there can certainly be 
disagreement over interpretation, 
Explore Evolution has not cited any 
specific argument among legitimate 
scientists. Who are these mysterious 
dissenting "scientists"?

“But how can there be disagreements? 
Facts are facts, right? How can 
qualified scientists disagree over 
evidence?”

[EE, p. 34]

This statement is one of the most 
egregious of in this chapter. This is 
wrong in so many ways it is hard to 
know where to begin to parse this, but 
first let us examine some assumptions 
here:

1. The Nature of Evidence

Explore Evolution seems to think that 
the word evidence means something 
clear and unchallengeable. However, in 
the scientific sense, new evidence is 
often fiercely challenged. Evidence is 
rarely 100% clear and is always subject 
to reinterpretation.  For example, an 
Iguanadon bone that was originally 
regarded as a horn was later 
convincingly reassigned as part of the 
thumb.  Such openness to revision is an 
essential feature of science, and to 
suggest otherwise, as EE does here, is 
(once again) to apply a mode of 
thinking more appropriate to the law 
courts.

2. Scientists Shouldn't Disagree.

Anyone who has ever attended a 
scientific conference knows that 
speakers rarely get far into their 
prepared talks before some member of 
the audience challenges them. As soon 
as one makes any claim in a scientific 
conference or scientific paper, other 
scientists pounce with questions that are 
substantive and challenging. Such 
criticism is in no way personal, but 
rather is part of the process of science. 
Explore Evolution incorrectly assumes 
that if good evidence exists, scientists 
will not disagree. Explore Evolution 
once again displays a misunderstanding 
of the very nature of science.
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http://ncse.com/creationism/analysis/
nature-scientific-disagreement

Phylogeny & the Nature of the 
Fossil Record

Explore Evolution misunderstands and 
misrepresents the nature of phylogeny 
and the fossil record.

Stability of Phyla

Does the stability of phyla imply that 
phyla do not evolve?

Explore Evolution misunderstands the 
definition of a phylum.

http://ncse.com/creationism/analysis/
stability-phyla

Sudden taxonomic levels

Do taxonomic levels appear too 
suddenly?  

“Not only do new mammalian orders 
appear suddenly, but when they appear, 
they are already separated into their 
distinctive forms. For example, during 
the Eocene epoch (just after the 
Paleocene), the first fossil bat appears 
suddenly in the fossil record. When it 
does, it is unquestionably a bat, capable 
of true flight. Yet, we find nothing 
resembling a bat in the earlier rocks.”

[EE, p. 24]

“Flowering plants appear suddenly in 
the early Cretaceous period, 145-125 
million years ago.”

[EE, p. 24]

Even if true, this claim does not 
undermine evolution. This is simply the 
way evolution proceeds.

http://ncse.com/creationism/analysis/
sudden-taxonomic-levels

Moreover , this type of argument is at 
best a special case of the one made 
earlier about gaps in the fossil record, 
and is repeatedly being rebutted by new 
discoveries.  For example, 2009 alone 
saw the full description of two major 
fossil finds, Darwinus (ÒIdaÓ), close to 
the branching point between lemurs and 

monkeys and Ardipithecus Ramidus, 
close to the branching point between 
apes and humans.

Fossil Preservation

“Sometimes the fossilized organism was 
buried in sediment.”

[EE, p. 16]

Fossils do not occur in igneous rock or 
metamorphic rock. So by default, then, 
fossilized organisms always--not 
"sometimes"--occur in sediment. 
Explore Evolution seems to 
misunderstand a basic tenet of 
taphonomy (the study of how organisms 
decay and become fossilized). Explore 
Evolution fundamentally 
misunderstands geologic processes.

“Most paleontologists would argue that 
we have plenty of fossils”

[EE, p. 30]

No paleontologist would argue that we 
have enough fossils; no paleontologist 
would say that the fossil record is so 
complete that we should stop looking 
for new discoveries. Explore Evolution 
has no citation for this claim and is 
simply making it up.

“If the Precambrian rocks can preserve 
microscopic soft-bodied organisms, why 
don't they contain the ancestors to the 
Cambrian animals?”

[EE, p. 31]

This presents false logic. If-->Can does 
not equal If-->Must. The rarity of rocks 
from this period, combined with the 
rarity of soft-bodied organisms being 
turned into fossils at all, means that in 
only a few places in the world can 
paleontologists even look for the 
ancestors to Cambrian animals.

“If lots of soft-bodied animals existed 
before the Cambrian, then we should 
find lots of trace fossils. But we don't. 
Precambrian sedimentary rock records 
very little activity.”

[EE, p. 31]

This makes the false assumption that if 
any animals existed, then those animals 
should have left trace fossils. 
Precambrian soft-bodied organisms such 
as Ediacarans did not leave copious 

trace fossils because they were most 
likely sessile; they simply did not move 
or burrow into sediment, as later forms 
of life would.

http://ncse.com/creationism/analysis/
fossil-preservation

Absence of Fossil Evidence

Does an absence of fossil evidence 
shows that ancestral species did not 
exist?

The fact that a particular species at a 
given place and time didn't fossilize 
doesn't mean that the species didn't 
exist.

http://ncse.com/creationism/analysis/
absence-fossil-evidence

Moreover, fossils of a particular period 
and locality will only come to light if 
suitable exposures can be found.  An 
outstanding example is the now well-
documented fish-to-tetrapod transition 
(see e.g. http://
www.devoniantimes.org/), where the 
fossil record could only be uncovered 
once suitable mid-Jurassic sediments 
had been located.

Numerous other errors

Amongst other errors Explore Evolution 
claims:

“Another problem is that fossils don't 
always appear in the order they're 
predicted to.”

[EE, p. 27]

This is blatantly false. In fact, fossils 
show a great uniformity in terms of their 
stratigraphic position in rock outcrops. 
In every case where, for example, an 
older fossils is set stratigraphically 
above a younger fossils, this can be 
explained by features such as reverse 
faulting.

http://ncse.com/creationism/analysis/
time-represented-outcrops

http://ncse.com/creationism/analysis/
geologic-closeness

http://ncse.com/creationism/analysis/
three-domains

http://ncse.com/creationism/analysis/
weasel-words
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Anatomical Homology

Nested patterns of shared similarities 
between species play an important role 
in testing evolutionary hypotheses. 
"Homology" is one term used to 
describe these patterns, but scientists 
prefer other, more clearly defined terms. 
Explore Evolution would have done 
well to accurately present the way 
scientists talk about this issue, instead of 
building two chapters around a 
misguided attack on a particular word 
with a meaning that dates to pre-
evolutionary attempts at understanding 
the diversity of life. Explore Evolution's 
use of the term promotes confusion and 
obscures the actual ways in which 
scientists use the term, and more 
modern concepts. Explore Evolution's 
authors could have found those modern 
concepts clarified in the writing of 
David Wake, work they cite and quote 
inaccurately, obscuring the point he and 
others have made about the importance 
of using concepts which reflect modern 
biology, not a term which predates 
evolutionary thinking. The chapter 
badly mangles key concepts, and repeats 
creationist canards, without presenting 
the actual state of science.

http://ncse.com/creationism/analysis/
anatomical-homology

Molecular Homology

This chapter addresses 5 main topics 
and misrepresents each one in an 
attempt to undermine the key tenet of 
evolution that living things share 
common ancestry. The 5 main topics 
are:

¥ the genetic code

¥ phylogenetic trees based on proteins 
and genes

¥ the molecular clock

¥ the concept of a Universal Common 
Ancestor

¥ ORFan genes (open reading frame) 
genes

http://ncse.com/creationism/analysis/
molecular-homology

Embryology

The new field of "evo-devo"--a merging 
of developmental biology and 
evolutionary biology--is an exciting a 
fruitful area of intense scientific 
research.

Explore Evolution seems unaware of 
this. Like a turn-of-the-century horse 
dealer railing against those new-fangled 
contraptions called automobiles, 
Explore Evolution is mired in 19th 
century embryology.

http://ncse.com/creationism/analysis/
embryology

Biogeography

Explore Evolution mangles the tiny 
fraction of biogeography covered in this 
chapter. It is largely dedicated to an 
historical debate about whether early 
creationists disputed the fixity of 
species, a topic falling outside 
biogeography, and indeed the biology 
curriculum. The biological examples 
used are all instances of adaptive 
radiations on islands, an interesting 
topic, but not representative of the 
whole field.

Biogeography is an active field, 
exploring how geographic distribution 
of life is affected by history, climate, 
geology, and behavior. As predicted by 
evolution, the geographical 
arrangements of related species repeat 
themselves. This comparison of multiple 
lineages shows how the shared history 
of an area produces similar patterns of 
common ancestry, and allows us to test 
hypotheses about evolution. The rapid 
ecological and morphological 
diversification of organisms on islands 
shows how quickly evolution can 
produce novelty. Explore Evolution 
ignores or dances around these points.

http://ncse.com/creationism/analysis/
biogeography

Natural Selection

Natural selection is one of the major 
mechanisms of evolution, but where 
most evolution textbooks discuss 
several such mechanisms, often 
devoting separate chapters to each, 
Explore Evolution ignores nearly all of 
them, devoting a chapter and a half to 
misrepresenting natural selection. The 
chapter devoted to this concept 
inaccurately describes natural selection, 
and mischaracterises several widely-
known examples of natural selection at 
work, misconstruing the significance of 
those examples.

Students need to understand natural 
selection, and there are many inquiry-
based techniques for teaching about it. 
Explore Evolution fails to offer any new 
additions to this literature. Worse yet, it 
neglects to even draw on that literature 
to help students deepen their 
understanding of this basic aspect of 
evolutionary biology.

"changes in the sub-population take 
place as genetic information is lost to 
that population"

[EE, p. 95]

Note the introduction of the specifically 
creationist claim that natural 
evolutionary processes entail loss of 
information.  

Ongoing research by geneticists and 
evolutionary biologists shows that 
evolutionary processes (including 
natural selection) do increase 
information, including through the 
evolution of new genes, and of genes 
that are better able to operate under 
novel conditions. Explore Evolution 
fails to confront this ongoing research, 
preferring to criticise decades-old 
experiments.

"not only does the experiment [on 
peppered moths] not show what the 
story says it's supposed to, the 
experiment itself is highly questionable"

[EE, p.94]

While Explore Evolution was being 
written, a researcher re-ran Kettlewell's 
classic experiment on peppered moths, 
correcting various criticisms offered of 
the original. The new research 
confirmed the original findings, and 
those findings affirm the importance of 
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natural selection as an evolutionary 
mechanism. (for a review of this work, 
see e.g. http://
www.millerandlevine.com/km/evol/
Moths/moths.html)

"definite, discoverable limits on what 
artificial [and therefore natural] 
selection can do"

[EE, p.90]

Shortly before decrying extrapolation 
from short periods to long-term trends, 
Explore Evolution claims that limits on 
what animal breeders can accomplish 
over a century or two demonstrate that 
evolution could not produce the 
diversity of life we see over life's 4 
billion year history. In fact, intensive 
selective breeding over a few hundred 
years has produced a range of sizes and 
morphologies among domestic dogs that 
exceeds the diversity of all other 
members of the family Carnivora. 
Whatever limits evolution reaches after 
intense selection, they are much smaller 
than what the diversity of life requires 
us to explain.

"Is it possible that something like 
[artificial selection] occurs in nature – 
only without any intelligence to guide 
it?"

[EE, p.87]

Explore Evolution plays a slight of hand 
here, treating "intelligence" 
interchangeably with the practices of 
animal breeders, when the difference 
between artificial and natural selection 
lies not in the application of intellect, 
but the application of selective pressures 
other than those which would occur 
naturally. Natural selection will tend to 
be messier than artificial selection, 
zigging and zagging to match changing 
environmental conditions, but the 
practical aspects of each are identical. 
Explore Evolution wrongly treats 
artificial selection as an analogy for 
natural selection, when natural selection 
is just a more general process.

Major Flaws:

Natural and Artificial Selection: The 
nature of natural selection is obscured, 
confusing natural selection's use in 
evolutionary explanations, the 
relationship between natural selection 
and artificial selection, and the way in 
which evolution from generation to 

generation produces new genes and new 
anatomical structures.

Experiments: It is true that many 
textbooks describe classic experiments 
on the evolution of beak size in 
Gal‡pagos finches and peppered moths 
in England; they also discuss many 
other examples. Rather than further 
supplementing textbooks with new 
knowledge, Explore Evolution devotes 
itself to factually misleading accounts of 
those classic experiments, confusing 
students rather than deepening their 
understanding.

Extrapolation:  Explore 
Evolution criticizes scientists 
for extrapolating from 
evolutionary changes over 
short timespans to long-term 
processes like speciation. 
Instead, the book encourages 
students to extrapolate from 
apparent limits to artificial 
selection to the existence of 
absolute limits to evolution. 
While the book's 
extrapolation is unjustified, 
the scientific study of 
evolution is not rooted in 
extrapolation but in detailed 
experimentation, 
mathematical modeling, and 
experimental hypothesis 
testing.

http://ncse.com/creationism/analysis/
natural-selection

Natural Selection & Mutation

Understanding why certain sorts of 
similarities stretch across large swaths 
of the biological world is a question that 
has fascinated biologists since before 
evolution provided a unifying theme for 
biology. It is hardly surprising that 
explanations drawn from the pre-
evolutionary thinking of the early 19th 
century would have flaws in the modern 
evolutionary context. "Homology" is 
one such concept, and biologists debate 
the meaning and significance of that 
particular term because of its historical 
baggage. To clarify discussions of 
similarity and difference in an 
evolutionary context, biologists have 
coined new terms which avoid the 
confusions that Explore Evolution's 
chapter on homology chooses to wallow 
in.

The central error in the homology 
chapter lies in the authors' narrow focus 
on that particular word, rather than 
discussing the more modern concepts 
that scientists actually use to study 
morphological similarities and 
differences. The focus on outmoded 
terminology will only confuse students, 
a result which may not be inadvertent. It 
is doubly troubling that the chapter 
about homology never offers a 
definition of the term, and the attempts 
made at describing its scientific usage 
are simply wrong.

Many other flaws are built on 
that ancestral error. The book 
uses an example from 
differences in the 
developmental pathways in 
insect species without first 
introducing basic concepts in 
insect development (a subject 
high school biology texts also 
do not cover). The authors do 
not give students the 
background to assess how a 
such a pathway works, or what 
consequences changing it 
might have. Students have no 
choice but to take the author's 
word that these and other 
phenomena are in fact 
inexplicable; a result that is 
not consistent with EE's claim 
to use an "enquiry-based" 

approach.

Additionally, presenting these examples 
as unanswered and unanswerable 
problems for evolution is simply wrong. 
In fact, the problem in this chapter 
derive from the book's inaccurate and 
inadequate presentation of basic 
concepts, and the authors' incomplete 
presentation of the existing knowledge 
on the topics they present. The 
consequence of this problematic 
treatment is a totally erroneous vision 
not only of the current state of scientific 
knowledge, but of how scientists gather 
and test new ideas, and how scientists 
use evolution to study similarities and 
differences between species.

The authors' misunderstanding of basic 
concepts is particularly obvious in their 
presentation of convergence. They treat 
the similarity of the bones, musculature, 
nerves and development of hands in 
humans and moles as if it were no 
different than the gross similarity in the 
outlines of mole paws and mole cricket 
forelimbs. This sort of basic 
misunderstanding is what a biology 
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textbook is supposed to clarify, not 
promulgate. The arguments presented in 
the discussion of convergence have no 
basis in the scientific literature, but trace 
back to the beginnings of modern 
creationism.

The flaws in this chapter go deeper than 
merely deepening confusion over basic 
concepts and omitting references to 
work which address questions they 
raise. At critical points, EE quotes 
biologists in ways which misrepresent 
their views and distort the state of 
scientific and philosophical discourse 
about homology and related concepts. 
To present the discredited 19th century 
quibbles of Louis Agassiz as if they had 
never been addressed is ahistorical and 
absurd. Claiming that Brian Goodwin 
rejects evolution as a force which 
explains homology is plainly wrong. 
David Wake's concerns over the 
philosophical definition of homology do 
not reflect any objection to the use of 
biological similarity and difference to 
develop and test hypotheses about 
evolution. This merely reflects EE's 
needless focus on a single word, rather 
than the way that evolutionary biology 
is actually practiced in the 21st century. 
That error is also on display when EE 
presents the erroneous creationist canard 
of claiming that homology is circular. 
The supposed circularity is simply a 
reflection of the authors' inaccurate 
presentation of the concept they are 
writing about.

Unlike Explore Evolution, biologists do 
not treat homology as if each part of an 
organism existed in isolation. The 
pattern of similarity in genes controlling 
eye proteins reflects the same 
evolutionary history as the shape of 
bones in the leg and the genes 
controlling the development of the 
embryo. Biologists compare dozens, 
hundreds, or even thousands of different 
traits in many different species to 
develop a model of the evolutionary 
history of the group. With that model, 
they can test whether a structure is 
shared by two species because of shared 
evolutionary history, or because of 
shared selective pressures. This process 
of building a hypothesis, making 
predictions, and testing those 
predictions against data is critical to 
scientific inquiry, and its absence from 
Explore Evolution further belies the 
book's claim to be inquiry-based. Its 
erroneous treatment of homology belies 
any claim that it accurately explores 
evolution.

http://ncse.com/creationism/analysis/
natural-selection-mutation

Molecular "Machines"

The chapter in EE called "Molecular 
Machines" (pp. 115-125) presents a 
rehash of standard claims made by 
"intelligent design" promoters, 
especially Michael Behe. These claims 
were examined and rejected by expert 
scientists well before EE's publication. 
The chapter simply ignores the 
published scientific literature which 
refutes its central claims. Unlike a 
genuine science book, EE makes no 
effort to correct mistakes made in earlier 
writings, but simply repeats yet again 
erroneous statements about the bacterial 
flagellum. The central claims in this 
chapter were heard in United States 
Federal court in the Kitzmiller v. Dover 
"intelligent design" trial and were 
decisively rejected there, too.

The chapter fails to make clear that it is 
essentially promoting intelligent design 
creationism. While avoiding the phrase 
"intelligent design," the chapter relies 
heavily on the work of Michael Behe 
who is simply called "a biochemist from 
Lehigh University." The chapter 
neglects to mention that Behe is a 
leading intelligent design proponent and 
testified in favor of teaching ID in the 
public schools in the Kitzmiller v. Dover 
case. The chapter also avoids 
mentioning the significant point that 
Behe's arguments have been rejected by 
scientists and also were famously 
debunked during cross-examination and 
rejected by the court in the Kitzmiller v 
Dover trial 

The "intelligent design" movement 
presents the bacterial flagellum as a 
structure that supposedly could not have 
evolved, and therefore indicates the 
intervention of an "intelligent designer." 
Discovery Institute Fellow Michael 
Behe has been one of the most active 
promoters of erroneous claims about the 
bacterial flagellum.

The bacterial flagellum is a complex 
molecular structure, typically made of 
about 30 different proteins. Ten more 
proteins are involved in building it.

The ID/creationist movement claims 
that the structure requires all of its 
protein parts to function, and therefore 

could not have evolved in a stepwise 
manner, and therefore an "Intelligent 
Designer" must have been required.

The bacterial flagellum in young 
earth creationist literature

Before the flagellum was adopted by the 
ID movment, it was already common in 
arguments of "creation 
scientists" (Battson 1986, Anonymous 
1992, Anonymous 1994, Lumsden 
1994). As Henry Morris, the founder of 
"scientific creationism," wrote in 2005:

“These well-meaning folks [ID 
advocates] did not really invent the idea 
of intelligent design, of course. Dembski 
often refers, for example, to the 
bacterial flagellum as a strong evidence 
for design (and indeed it is); but one of 
our ICR scientists (the late Dr. Dick 
Bliss) was using this example in his 
talks on creation a generation ago.”

see "The Design Revelation" by Henry 
M. Morris (2005)

The connections between EE and earlier 
creationist and ID literature are apparent 
in the graphical depictions of the 
bacterial flagellum. The graphics are 
identical to, or closely resemble, images 
from previous "ID" works. For example, 
Figure 8.1 on page 117 (and on pages 
115 and 116) is the same graphic used 
for the cover of DI fellow William 
Dembski's 2002 ID book No Free 
Lunch, and in the Discovery Institute's 
"ID" video Unlocking the Mystery of 
Life.

http://ncse.com/creationism/analysis/
molecular-machines

Natural Selection / Survival of 
the Fittest

The biological concept of "fitness" is 
critical to an understanding of natural 
selection and of evolution in general. 
While philosophers continue to argue 
about the best way to define "fitness," 
there are some generally accepted 
aspects of biological definitions of 
fitness.

First, it is a term applied to an allele or 
genotype, a particular form of the 
genome. Thus, it is a property not of a 
single individual, but of a collection of 
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individuals who share certain heritable 
traits. Fitness then is the contribution of 
the average individual with that trait to 
the next generation.

Explore Evolution misdefines this key 
biological concept, stating that fitness is 
a property of an individual, and is 
measured by that individual's 
contribution to future generations. By 
shifting from a focus on heritable traits 
to individuals, EE obscures the way in 
which biologists employ the concept of 
fitness, and misleads students.  EeÕs 
misinterpretation of fitness will also 
make it impossible to understand such 
important topics as the behaviour of 
social insects, or the relationship 
between kinship and social structure in 
the higher animals.

The central theme of this chapter is a 
common creationist assertion that 
natural selection is invalid because it is 
circularly defined. If natural selection 
means "survival of the fittest," and the 
fittest are those that survive, then (they 
insist) the definitions are circular. 
Natural selection is the survival of those 
that survive. Of course, this is not the 
definition of natural selection, and it is 
not the definition of fitness. Fitness is 
defined in terms of the genotypes 
represented among future generations, 
not of the current generation, and 
natural selection is defined in terms of 
differential reproduction, not as 
"survival of the fittest." The entire 
chapter is based on a pair of flawed 
definitions and trivial word games. 
Philosophers dismissed this creationist 
argument long ago.

http://ncse.com/creationism/analysis/
natural-selection-survival-fittest

What Fossils Tell Us

The students targeted by Explore 
Evolution could have corrected the 
blatant falsehoods in this chapter. Many 
elementary school students are well 
aware that there are mammals which lay 
eggs, for instance, and a few may be 
equally aware that there are snakes 
which have placentas. The authors of 
this book seem to not know as much 
about biology as elementary school 
students.

The flaws in the chapter go much deeper 
than those factual errors. Throughout 

the chapter, the practice of science is 
misrepresented, and common 
misconceptions about evolution are 
actively promoted. A good textbook 
should guide students towards a better 
understanding of complicated issues, 
not give them blatantly false 
information, or reinforce the 
misconceptions they may have. Students 
who do not understand what a 
transitional form is, or what patterns 
should result from the branching 
process of descent with modification, 
will only find those confusions 
deepened in this chapter.

In addition to these conceptual failings 
and basic factual errors, in some 
instances Explore Evolution makes 
statements that assume students have a 
level of knowledge far beyond even 
typical college biology courses. And the 
authors pose questions to students 
which cannot be answered without 
much more background than the book 
supplies, or than the average teacher 
could provide. While the scientific 
literature does offer answers to these 
questions, the book does not point 
teachers or students towards those 
resources, nor does it suggest ways that 
students could explore those questions 
through independent inquiry. Far from 
encouraging scientific inquiry, this 
chapter blocks and discourages genuine 
enquiry. Given that the book parrots 
creationist misrepresentations of 
biology, and then shuts off inquiry into 
scientific answers to the questions it 
raises, it seems clear that the book's aim 
is to instill exactly those creationist 
errors.

MAJOR FLAWS:

Hearts: In discussing the evolution of 
the four-chambered mammalian heart 
from the three-chambered reptilian 
heart, Explore Evolution omits any 
reference to existing scientific models of 
that evolutionary path, and makes gross 
misstatements about the anatomy of 
hearts in living animals.

Lungs: In discussing the evolution of 
bird-like lungs from reptilian ancestors, 
the authors make inaccurate claims 
about the lungs of bird ancestors, and 
misrepresent the biology of modern 
birds and crocodilians. There is no 
discussion of existing research on the 
evolution of bird lungs, although this 
research answers the very questions 
posed by Explore Evolution.

Transitional Forms: Explore Evolution 
states that all mammals give birth to live 
young and possess a placenta, while all 
reptiles lay eggs and lack a placenta. In 
fact, many groups of reptiles have 
evolved a placenta, and there are 
mammals which lack a placenta and lay 
eggs. Each of those counterexamples 
represents a living transitional form, and 
it is possible to study the evolution of 
placentas, lactation and egg-laying 
using both modern species and fossils. 
Explore Evolution obfuscates the truth 
and confuses students with creationist 
falsehoods.

http://ncse.com/creationism/analysis/
what-fossils-tell-us

Dissent in Science

In chapter 13, "The Nature of Dissent in 
Science," Explore Evolution makes 
grandiose, and ultimately untrue, claims 
about how the process of science works 
and how the scientific community deals 
with dissenting views. The errors in this 
chapter begin with the title. While 
claiming to discuss dissent within 
science, it actually centers on a debate 
between science and non science. In 
muddying the straightforward 
distinction between the science of 
evolution and the pseudoscience of 
creationism, Explore Evolution misleads 
students not only about evolution, but 
about how scientific inquiry proceeds. 
In service of this last effort to confuse 
students, the authors repeat their 
misrepresentations of Malcolm 
Gordon's views, and obfuscate the true 
nature of an ongoing discussion about 
the shape of the universal tree of life. In 
attempting to defend themselves against 
charges of misrepresenting and 
misquoting scientists (a section not 
necessary in most science textbooks), 
the authors draw an inaccurate analogy 
between science and courtroom 
testimony, and them misstate how 
courtrooms actually work, not to 
mention accepted standards of scientific 
discourse.

"an evolutionary biologist … disagree
[s] with Universal Common Descent."

[EE, p.142]

The example offered in fact argues that 
there is a single tree of life, which may 
have multiple roots. As discussed in 
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other chapter critiques, Explore 
Evolution misrepresents ongoing 
research into the shape of the early tree 
of life in order to advance a 
scientifically baseless creationist claim.

"Michael Behe, a … biochemist who is a 
… critic of the power of the mutation/
selection argument"

[EE, p.142]

In fact, Behe has 
resurrected long-
discredited 
creationist 
arguments and 
given them a 
gloss of 
scientific 
respectability. 
He has also 
stated in a court 
of law that these 
ideas could only 
be considered science under a definition 
of science broad enough to include 
astrology. The scientific community 
accepts common descent and 
investigates the shape of that tree, while 
Behe is one of the few anti-evolution 
activists to accept common descent of 
all life, including humans.

"'the creationists' vs. 'the evolutionists,' 
a familiar and predictable storyline"

[EE, p.142]

Treating creationism as a form of 
"dissent in science" is inaccurate. 
Creationism rejects basic scientific 
principles in pursuit of a religious 
agenda. Since it is not a scientific 
enterprise, it does not belong in science 
class. Just because something is 
"familiar and predictable" doesn't mean 
it is wrong, and trivializing this 
important distinction misinforms 
students on a basic level.

"dissenters are accused of 
'misquotation' or 'misrepresentation.' 
But is this really true?"

[EE, p.143]

Even within this chapter, scientist 
Malcolm Gordon's words are taken out 
of context and twisted to misrepresent 
his views on evolution. This book is 
filled with such errors, and the defence 
offered is scant and irrelevant to the 
charges. Even in court, a witnesses 

words may not be used without an 
opportunity for cross-examination and 
clarification, precisely because the 
context of a statement does indeed 
matter.

"Practicing science should be about … 
using all the evidence … whatever its 
source"

[EE, p.143]

Scientific 
evidence must 
possess certain 
qualities. Other 
scientists must 
be able to make 
the same 
measurements, 
and compare 
their own 
experiences of 
the data with 
other authors. 

Some valid forms of knowledge do not 
fit these criteria, including religious 
beliefs, hunches, intuition, and aesthetic 
feelings.

"By now, we hope you can see that real 
science as it's actually practiced can be 
a very lively subject."

[EE, p.143]

Science as it is practiced is indeed a 
very lively subject, filled with active 
debates. Explore Evolution manages to 
avoid or misrepresent the debates 
actually going on within evolutionary 
biology while dredging up long-
discredited pseudo-scientific attacks.

MAJOR FLAWS:

Nature of Science: Dismissing the 
distinction between scientific 
understanding of evolution and the 
religious commitment to 
creationism as "a familiar 
and predictable storyline" 
ignores the important 
scientific and practical 
reasons why that distinction 
matters. Students deserve 
better than to have the basic 
definition of science 
muddled in order to advance 
the religious agenda of the 
authors of Explore 
Evolution. Just because the 
distinction is familiar and 
predictable doesn't make it wrong. It 
does not serve students to muddy the 

waters regarding how scientists evaluate 
evidence. Explore Evolution opens the 
door to unscientific evidence being 
raised in science class, misleading 
students and harming their broader 
science education as well as their 
understanding of evolution.

Standards of scientific discourse: 
Explore Evolution attempts to create an 
analogy between scientific debate and a 
courtroom cross-examination. This 
misrepresents the way scientific debates 
are settled, as well as misstating the way 
courtrooms operate. For instance, courts 
limit the sorts of evidence a jury 
considers, and requires that witnesses be 
cross-examined so that biases and 
misinterpretations can be resolved. 
Hearsay is inadmissible, but Explore 
Evolution relies more on quotations 
from scientists than on the actual data 
they've obtained. That those quotations 
are often stripped of important context 
and misquoted or misrepresented is only 
one of many errors in the treatment of 
scientific discourse. In dismissing these 
accusations, the book again does 
students a disservice.

Malcolm Gordon: Explore Evolution 
claims the scientific community has two 
fundamentally different views of 
common descent, the single tree of life 
(monophyletic) and the orchard of life 
(polyphyletic). This claim distorts the 
meaning of a polyphyletic group. 
Explore Evolution then implies that 
because there are evolutionists, such as 
Malcolm Gordon, who question the 
monophyletic origins of life and of 
tetrapods, they must also "disagree with 
universal common descent," and must 
therefore support the creationist orchard 
view of life. This is false.

http://ncse.com/creationism/analysis/
dissent-science
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About the British Centre for 
Science Education
The BCSE is open to all, irrespective 
of religious or political afÞliations, 
who wish to oppose the tide of 
creationism in the United Kingdom.

The British Centre for Science Education (BCSE) 
is a group dedicated to promoting and defending 
science education in the UK. It is run as a 
cooperative organisation by part-time volunteers 
with paid membership and a public forum where 
the general public can debate the key issues 
involved. It has no full time members of staff and 
believes in the tools for everyone to think for 
themselves - Science, Education and Reason - and 
the outcome Ð Democracy, Pluralism and Liberty.

Useful Information

BCSE web site

 http://bcseweb.org.uk/

BCSE Blog for the latest news

   http://bcseweb.org.uk/blog/

BCSE Creation-Watch Campaign

   http://bcseweb.org.uk/blog/creation-watch/       

Contact the BCSE     

committee@bcseweb.org.uk

If you are a school librarian then please speak to 
your Science staff about this leaflet.

If you are a concerned parent or student then 
please ask your local school if they intend using 
Explore Evolution.  Ask the librarian if they have 
shown the book to the Head of Science.  Let us 
know what you find out.

Are you a science teacher? Would you like to 
attend the “seminars” that “truth in science” are 
using to promote this book, and report back to the 
BCSE?  Please get in touch.

Please feel free to copy and distribute this leaflet 
without alteration.  A PDF can be downloaded 
from here;http://bcseweb.org.uk/blog/wp-content/
uploads/2010/01/EE-Exposed.pdf

Recommended Reading
There are plenty of good quality science books that 
refute the claims made in Explore Evolution.  Here 
are a few we recommend;

ÒThe Greatest Show in EarthÓ by Richard Dawkins

ÒWhat the Fossils Tell UsÓ by Donald Prothero

ÒEvolution versus CreationismÓ by Eugenie Scott

ÒWhy Evolution is TrueÓ by Jerry Coyne

Recommended Web Resources;

http://www.bbc.co.uk/darwin/

http://www.open2.net/darwin/

http://evolution.berkeley.edu/evosite/
evohome.html

See also http://www.cofe.anglican.org/darwin/, 
http://www.butler.edu/clergyproject/
rel_evolution_weekend_2009.htm, and http://
www.cin.org/jp2evolu.html which show that there 
is no conflict between accepting evolution, and 
religious belief.

The material in this document is compiled principally from a more comprehensive analysis of 
the book done by the National Centre for Science Eduction in the USA.  You can see the full 

analysis here; http://ncse.com/creationism/analysis/explore-evolution;
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