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people and places: 
creation and earth History museum
Randy Moore

The Creation and Earth History Museum (Figure 1) was founded in 1992 by the Institute for 
Creation Research (ICR), and since then has been in its current location in suburban San 
Diego, California. The museum presents “the biblical account of science and history” and 
argues that its creation model for life’s diversity and earth’s history is scientifically superior 
to evolution because “true science supports the biblical worldview. There are many facts of 
science revealed in the Bible and no proven scientific errors.” 

After moving to Dallas in 2008, ICR sold the 4000–square-foot museum (and its contents) 
to Tom Cantor, the founder and owner of Scantibodies Laboratory Inc, a biotechnology 
company housed in buildings adjacent to the museum. Today, the Creation and Earth Mu-
seum (expanded to 10 000 square feet, and now including a tabernacle) is owned and oper-
ated by Life and Light Foundation, which is Tom and Cheryl Cantor’s non-profit ministry. 

Fi g u r e 1.  The Creation and Earth History Museum in Santee, California, which was originally 
owned by the Institute for Creation Research (ICR), uses dinosaurs to attract visitors. 
Photograph: Randy Moore. 
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(Cantor is also a supporter of Answers in Genesis, a prominent anti-evolution organization 

that operates the Creation Museum near Cincinnati.) 

Like similar creation museums throughout the United States, the Creation and Earth Histo-

ry Museum promotes young-earth creationism and uses roadside dinosaurs to lure visitors 

(Figure 1). Its “A Journey Through Time” includes a tribute to Henry Morris, “the founder 

of the modern creation science movement” (and ICR’s founder), and begins with questions 

such as “What happens after I die?”, “Where did I come from?”, and “What is the meaning 

of life?” A nearby exhibit laments how “the National Academy [of Sciences] opposes the 

scientific teaching of creation.” 

Visitors then encounter displays numbered according to the days described in Genesis. 

Following the “Day 7” display, “The Fall of Man” (bathed in red light) describes how the 

“entrance of sin into the world” ruined everything. Subsequent displays describe human 

evolution (“we are all descended from Noah and Adam”) and promote the standard claims 

of young-earth creationists. They’re all here: radiometric dating (unreliable), earth’s age 

(young), evidence for the Genesis flood (lots of it), the compatibility of the Bible with evo-

lution (no, it’s not compatible), the compatibility of the Bible with the Big Bang theory (the 

Big Bang theory is unscientific and unscriptural), and fossils (they were deposited by the 

Genesis flood). How should we determine the age of a fossil? Instead of using stratigraphy 

or radiometric dating, we should trust “the word of God, which indicates that most fossils 

were buried in one year.” Earth’s young age is a recurrent theme of the museum (Figure 2), 

and visitors are reassured that “even those who reject the Genesis record of six-day Cre-

ation inadvertently acknowledge it by taking off one day each week.” 

 F i g u r e 2 .  The Creation and Earth History Museum promotes young-earth creationism while 
claiming that radiometric dating and other foundations of science are unreliable. 
Photograph: Randy Moore. 
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Visitors then learn about other icons of young-earth creationism, including Noah’s ark (it 
really happened), dinosaurs (created on Day 6 and possibly still alive in Africa), Mount St 
Helens, fossils (“all fossils were formed after Adam’s sins”), and the Grand Canyon (it was 
created by the Flood). An exhibit of famous creationists features clean-shaven scientists 
such as Pasteur, Babbage, and Faraday, whereas the opposing wall shows bearded and di-
sheveled evolutionary biologists such as Darwin, Wallace, Lyell, and Haeckel. 

Exhibits are supplemented by handouts that attack other types of creationism (day-age cre-
ationism “is not permitted by Scripture and is therefore false”) and evolution (macroevolu-
tion can “no longer be rationally defended”). Exhibits link evolution with the “consequences 
of evolutionary thinking,” which include Hitler (“a fanatical evolutionist”), racism (“the con-
cept of race is an evolutionary idea”), entropy, abortion, and death (the punishment for sin), 
while noting that “much evil has entered the world under the tutelage of Darwin’s theory.” 
The Noah’s ark exhibit includes a photo-op for visitors to place themselves in the ark; one 
of the pens in the background houses stegosaurs. Visitors then go through a long exhibit 
titled “Human Cell,” which explains cell biology with creationism. The walk-through mu-
seum empties visitors into a bookstore, gift shop, and information center, which promotes 
events such as a creationism-based tour of the Grand Canyon and “Creation Fellowship” 
lectures about “Facts versus Darwinism in the Textbooks”, “The 3-Day Formation of Grand 
Canyon”, “An Old Earth or a Global Flood?”, and “Noah’s Ark and Dinosaurs”.

Throughout the museum, visitors learn that evolution “bears only corrupt fruits,” whereas 
“creationism bears good fruits,” and are commanded to “obey the Biblical teaching of 
Creation” because evolution is a “false religion” and because “God, Himself, said that the 
creation took only six days.” Other exhibits note that:

Humans and animals were “commanded to be plant-eaters. This was modified after 
the Great Flood.”

The First Law of Thermodynamics “refutes the evolutionary concept of an ongoing 
‘creation.’”

The Second Law of Thermodynamics is a “scientific reflection of God’s curse on His 
created world because of sin” and “precludes any natural evolution.”

The Genesis flood is a good explanation of the fossil record. 

There was no death in the world before Adam sinned. Plants do not count because 
they are “they have biological life, but not Biblical life.” 

The universe was not formed by natural processes. 

The Creation and Earth History Museum is located at 10946 Woodside Avenue North in 
Santee, California. The museum is open Monday–Saturday. Admission is free.

About th e Author

Randy Moore is the HT Morse–Alumni Distinguished Professor of Biology at the University of Min-
nesota. His most recent book (with coauthor Sehoya Cotner) is Understanding Galápagos: What 
You’ll See and What It Means (New York: McGraw-Hill, 2013).
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Reflections on Human odyssey:  
the california Academy of science’s new 
Human evolution exhibit
Steven Newton

Human Odyssey, an exhibit about human migration and evolution, opened in February 
2013 at San Francisco’s California Academy of Sciences. But the Human Odyssey exhibit 
suffers from having too little space, too few specimens, and too little hands-on interaction 
for its intended target audience of middle-school children. This is an example of how not 
to design a public science exhibit. 

In light of the foundational importance of evolution in biology and the lack of emphasis on 
human evolution in public schools, one would think that an exhibit on human evolution 
would merit far more—and more prominent—space, and many more specimens than the 
Academy of Sciences has allotted. This is an opportunity missed. 

Human Odyssey occupies a surprisingly austere space in the Tusher African Hall. Rather 
than being given a proper display space, the exhibit fills part of one wall (exit doors cut 
through the middle of the exhibit; Figure 1) and a bit of space in the middle of a walkway. 
Human Odyssey’s space is so small, one could easily miss the entire exhibit. But for those 
who do locate the Human Odyssey exhibit, the problems are just beginning.

 F i g u r e 1.  Our family tree, superimposed on a door. Photograph: Steven Newton.
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Ple as e touc h!

One of the best ways to interest young people in science is to give them hands-on interac-
tion with specimens. Science has a great advantage in that there are so many fascinating 
objects—fossil casts, bones, minerals, glassware—for students to touch and explore. Be-
ing able to handle something new and beautiful excites students, driving their curiosity to 
know more about it; this is how science education begins. One well-established and effec-
tive educational approach is to let children touch and play and interact with specimens. In 
a human evolution exhibit, such specimens would be skulls—human skulls, Neanderthal 
skulls, skulls of gorillas and chimps, of Australopithecus and Ardipithecus. 

The Human Odyssey exhibit does have skulls, but most of them are behind glass. This 
sends clear messages to students: no touching allowed, no interaction; we will show you 
what you need to see. One part of the display superimposes an image of a fleshed-out 
face over a skull, but it is unclear what value this adds. Many of the skulls in this exhibit 
are placed so high that many children cannot even see them, much less interact with 
them (Figure 2). These elevated placements are probably a compromise made to include a 
greater number of samples into an already constrained display area. 

But it didn’t have to be this way. For example, the University of Pennsylvania Museum of 
Anthropology used a curved display in its Year of Darwin exhibit. The result was that even 
the specimens mounted near the top of the display were oriented so that children could 
look directly into the eyes of their hominin ancestors (Penn kicks off year of evolution 
2008).

Imagine a low bench with dozens of reproductions of skulls, attached with flexible cords, 
fully touchable and accessible. Imagine these skulls arranged in a long phylogenetic tree 
printed on the bench so that students can see how they connect with common ancestors. 

 F i g u r e 2 .  The Human Odyssey exhibition at the California Academy of Sciences. Note the skulls 
placed higher than even the adult visitor’s eye level. Photograph: Steven Newton.
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(One panel in Human Odyssey does show the phylogenetic tree of human ancestry—but 
uses pictures, rather than specimens.) Imagine kids turning the skulls around, poking and 
prodding, opening jaws to examine teeth, becoming excited as they show them to each 
other. Imagine guides having groups of students point together to similar features in an 
array of skulls, then switching specimens and seeing the same features in another skull. 
That’s the kind of interactive, hands-on exhibit that can inspire children to learn more 
about science. 

a Pictu r e i s worth . . .

This Cal Academy exhibit relies too heavily on video screens at which children are ex-
pected to watch passively as abstract information is displayed. The Human Odyssey exhibit 
has two screens showing routes of human migration; it is unclear why video is used to 
show this rather than an installation that lets children touch and trace these routes with 
their own hands. Kids spend far too much time in front of screens already, and a science 
museum should be one place for them to interact with something other than an implacable, 
stultifying screen. 

Electronics are also involved in the most confusing aspect of the Human Odyssey exhibit. 
One of the panels contains a patch of multi-colored lights connected by a thin stream of 
orange and yellow lights, which then expand into an ochreous blossom. Although there 
is no explanation about why this happened—only a reference to an “event”—it is meant 
to show the genetic bottleneck that occurred after the eruption of the “supervolcano” Mt 
Toba in Indonesia, 74 000 years ago. But Mt Toba is not mentioned; nor does this exhibit 
describe the fascinating idea that a giant volcano nearly snuffed out the human species not 
very long ago. That’s the kind of dramatic information that might interest children in sci-
ence, yet once again the most exciting parts are missing from this exhibit.

I observed one child drawn by the colorful lights of this panel, only to look back at her 
mother in confusion and ask what it meant. Her mother could offer no insight, and both 
quickly moved on; another opportunity lost. 

Explaining the human genetic bottleneck in terms of a cataclysmic volcanic eruption might 
have satisfied this child’s curiosity. It also might have also segued into the California Acad-
emy of Science’s display on volcanoes—if there was a volcanism display. But the 2008 
renovation removed almost all the fossils, minerals, and geology-related materials from 
public display.

It should be emphasized that the accuracy of the science content in Human Odyssey is 
not the problem; the problem is how information is displayed. The issue is how younger 
children interact with the exhibit. For example, one panel showed how the position of 
the head on the spinal column changes with different ways of walking … so that the eyes 
always face forward and are looking straight ahead. In quadrupedal animals, the opening 
where the spinal cord leaves the skull (the foramen magnum) is toward the back of the 
skull, but in bipedal organisms, it is directly below the skull; the placement of the foramen 
magnum is therefore a good way to “see” the type of locomotion used by an animal and to 
show the evidence for the evolution of bipedalism. Instead of a static graphic, would it not 
have been more engaging to display a series of skulls, their foramina magna presented 
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for inspection, so that children could touch and feel and see the connection between this 
anatomic feature and locomotor behaviors for themselves?

In the year 2013, during one of the most fruitful periods of scientific discovery, it should 
be critical to communicate the wonder of science to the public, and especially to children 
who may be inspired to choose scientific careers. It is therefore disappointing to see one 
of the most vital and fascinating scientific topics—human evolution—presented with less 
than a full effort by the California Academy of Sciences. The Human Odyssey exhibit does 
no harm, but it could have been so much more.

re Fe r e nc e s

Penn kicks off year of evolution. 2008. Reports of the National Center for Science Education 28(3):4. 
Available from: http://ncse.com/rncse/28/3/penn-kicks-off-year-evolution 
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searching for sasquatch:  
A class project in critical thinking
Tim Sullivan

Introductory courses in biological anthropology can be challenging for both instructors 
and students. The instructor wishing to expose classes to critical and scientific thinking is 
challenged to find case studies interesting and relevant to students’ lives. For students, this 
may be their first exposure to scientific and/or critical thinking. This is certainly true with 
my students at Richland College, a community college in Dallas, Texas. Resistance to the 
notion of evolution, combined with a wave of information including genetics, comparative 
osteology, evolution, and taxonomy, can leave students overwhelmed or with a loss of in-
terest. It is difficult to assess student learning given this host of barriers. 

One measure of student learning is how they respond to extraordinary claims related to 
human evolution. Such claims can be entertaining, offer a way to assess learning goals, 
and also instill a sense of student confidence in their ability to apply course content to the 
world in which they are connected. Students are often the best source of such opportu-
nities, and this was the case with a relatively recent news story about the “discovery” of 
Sasquatch DNA.

OppOrtu n it y KnOc Ks

In November 2012, a student sent me a link to an article in the Huffington Post, about 
a five-year project in which an east Texas veterinarian/geneticist had claimed to have 
demonstrated the existence of a North American hominin (the category including members 
of genus Homo and immediate ancestors) known as “Bigfoot” or “Sasquatch” (http://www.
huffingtonpost.com/2012/11/27/bigfoot-dna-proves-creature-exists-genetic_n_2199984.
html).

This story emerged late in the semester. We had covered cellular DNA, population genet-
ics, osteology, and comparative primate research (anatomy and behavior). We were near-
ing completion of the paleoanthropology unit, discussing theories on the emergence of 
modern humans and the peopling of the earth. This was just too good to pass up: I saw 
this as a unique opportunity to put what we had learned to use in a contemporary and 
entertaining format. 

Like many academic institutions, Richland College uses the on-line platform Blackboard, 
so I sent out a class announcement, including the link to the original story, with instruc-
tions to join in a new discussion forum I had placed on our course site. I “sweetened the 
deal” by indicating that this would count as extra credit based on both the quality and 
quantity of posts each student offered to the discussion. To get the discussion started, I 
offered the following questions for consideration:
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1. What do we know about the validity of the “samples”? From whom and where 
do the samples come? Have these been documented? By whom? 

2. Has this research been (blind) tested by another lab? 

3. What about the various “theories” that have been tossed around? Let’s set up a 
hypothesis (or more)—complete with operational definitions (revisit that first 
part of our class and the lab report on the scientific method), and the Golden 
Rules of Science to test it. Has Occam’s Razor been applied? What would we 
need to know? 

4. Given what we have learned about dating of fossil remains, and current hom-
inin taxonomy, how do the claims put forth sit within the framework? Consider 
our discussion of mosaic evolution, and earlier linear theories of ancient hu-
mans, missing links, and so forth. 

5. What other types of evidence might we need to have? Can we set up further 
hypotheses for other data, to further test the ideas put forth in this research? 

6. Oh yes, let’s not overlook this last piece of critical information: Who has pro-
vided funding for this “research study”? Would they be considered as objective, 
detached, and scientifically minded? 

stu de nt re s pOn s e s

The week began with a flurry of posts. Initial comments included the predictable “How 
cool,” “Totally wrong,” “Let me tell about my uncle” statements. But others soon followed 
with queries about the samples, and how they were collected, and tested, as the following 
comments serve to illustrate:

•	 “It seems suspicious that the hair and scat samples mostly came from one group, 
‘Destination Truth’ and that no one else has verified it.” 

•	 “Why have no bones—ever—been found?” “This Ketchum woman seems to be 
only one doing the testing. Why is there no one else?” “Do we know where any 
of these supposed samples came from?” 

Responding to the question concerning explanation and hypothesis formation, several stu-
dents raised the issue of dating, species definition, and operational definitions in general, 
taking into account our discussion of known hominin chronology. One discussion thread 
included some of the following student posts: 

•	 “Wait ... if by 15 000 bc (bp?) these creatures were already distinct, then how 
were they able to catch and rape a human woman?” 

•	 “This just doesn’t add up. How can these creatures be “half human and half 
ape” as the result of an ape–human intercourse? If they were apes and humans, 
didn’t this mean they were different species and how can that create a new hy-
brid? This goes against the whole species definition, doesn’t it?” 
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Not all students were completely skeptical. One student, echoing an earlier discussion 
about Gigantopithecus (a classification of giant fossil apes, occupying parts of Asia) and 
referencing the mention of anthropologist Jeff Meldrum in the article, attempted to formu-
late a reasonable hypothesis for research: “We know that there are regions in Canada or 
the northwest where little human activity occurs. We know that some humans have lived 
for years without detection in California.” This student had been in my Global Cultures 
(cultural anthropology) class in an earlier semester, in which we had discussed Ishi, a Yana 
Indian, whose chance wandering onto a ranch in California in 1911 was documented by 
anthropologist Theodora Kroeber (1961). 

While similar arguments have been used, repeatedly, in popular books, this student took 
it a step further: given this information, he argued, perhaps we could predict that, “If Sas-
quatch (or whatever) has lived or continued to live, it will be in these remote regions. If we 
conducted intensive surveys by air, foot and even satellite photography, we should find at 
least some evidence—bones, scat piles, and possibly other evidence of their existence in 
this region.” (I had stressed the nature of hypothesis formulation as “if/then” statements 
and he apparently took it to heart.)

Other students joined the discussion of parallel migrations of different species (in this 
case, possible contemporary unknown species) across the Bering Bridge from Asia to the 
Americas, perhaps occurring at the same time as Homo sapiens. Two different threads of 
postings explored the issue of breeding populations becoming isolated and giving rise to 
variations of humans, and/or different hominin species. “After all,” as one student pointed 
out, “look at the littel [sic] folks of Flores. So why not some big ones here in North Ameri-
ca?” The argument is reminiscent of one proposed by Coleman and Huyghe in 2000. 

Recalling an earlier lecture/discussion about strong versus weak inductive arguments, an-
other student attempted to link genetic research with material remains: 

One of these samples being tested should give us a good spectrum of DNA, right? So 
why not use it to compare with humans (Native Americans) from different areas and 
see if there are any markers that help us to make stronger matches with some than 
others? If it is random across the continent then that would discredit the whole thing. 
If it points to a particular region, we might see if that matches with the region [another 
student] had conducted in his investigation. [This post appeared in the discussion 
thread, following the post described above.] If so, we have a stronger case. 

I pointed out that she had combined inductive and deductive methods, much to her delight. 

At least one student recognized the fallacious linear evolutionary thinking of the supposed 
half-ape/half-human theory and the problems with chronology: “This reminds me of a 
missing link that we talked about earlier. But 15 000 years ago seems really late for that.” 
Other posts focused on the section of the article discussing possible reasons for mixed hu-
man and ape DNA: “I think Benjamin Radford was using Occam’s Razor when he argues 
that the samples were contaminated. It just seems simpler and doesn’t stretch for a fabu-
lous conclusion.” 

Finally, many students immediately recognized the possible implications of the funding 
sources from the television program Finding Bigfoot and possible vested interests of the 
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show’s broadcaster, the channel Animal Planet: “I don’t know who actually gathered and 
sent the material to Dr Ketchum,” stated one student, “but why did they choose her? Why 
not one of the big universities with DNA labs? Or did they (whoever they are) try that and 
were kicked out? “ 

OutcOm e s an d as s e s s m e nt

Reflecting back, I was pleased with the outcome. This project energized student participa-
tion and enthusiasm, providing the opportunity to use what they had learned. A review of 
their comments reveals that what students objected to most was not the claim that Bigfoot 
or its DNA might be real. Rather, they were objecting to the violation of the principles of 
scientific inquiry, which demonstrated that such claims were unreliable. I was able to point 
out, and applaud, their accomplishments in my comments, and this had an undeniably 
positive effect: in the student evaluations after the course ended, several remarked that 
this was one of the best learning experiences of this class (or even in their college classes 
to date). It also allowed me to see where some misunderstanding or incomplete knowledge 
of some topics occurred. I was able to incorporate this into my revisions for the class in 
future semesters. 

My evaluation of student responses was based on their demonstration of critical think-
ing and application of key concepts previously covered in the class. I assigned a broad 
(and admittedly flexible) rubric for assigning points to students’ posts, based on how well 
students recognized flaws (or strengths) in the research and/or reporting, demonstrated 
understanding of the course concepts being applied, and creatively used those concepts in 
problem-solving (as in suggesting hypotheses, methods for gathering evidence and testing 
hypotheses, and so on). I have included my assessment scheme for students in Appendix 1.

cOnc lu s iOn s

In retrospect, I probably asked too many questions, and those I offered were too leading. 
It would have been better to have offered fewer, more general, questions, allowing self-
discovery to take its own route. Nevertheless, this impromptu exercise yielded three main 
results: 

1. students were able to grapple with both the inductive and deductive aspects of 
doing scientific research, recognizing problems with operational definitions of 
key variables; 

2. while not all students were able to grasp the implications (and problems) of 
reconciling these research findings with class topics, some raised important 
questions about migration and cladogenesis, through which populations split, 
producing isolated gene pools and the emergence of variant populations, or 
even species, in Asia and North America; and 

3. there was general consensus among students that this exercise not only was 
“fun” but also encouraged critical thinking in general, and about what they may 
encounter on the internet and popular culture in particular. 

I was pleased, for instance, to see the vigor with which some students attempted to apply 
their skills not only at critiquing evidence and arguments, but also at posing alternative hy-
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potheses, along with methods for discovering evidence to test them. I was impressed with 
their genuine effort at making evidence (bones, scat piles, multiple sightings by air and/or 
foot, focusing on specific research areas with concentrated surveys, and so on), both valid 
and reliable, in response to Questions 3, 4 and 5. 

As noted in Appendix 1 (Table 1: student response to Question 4), one outcome of this ex-
ercise is that I recognized the need to focus more effort on improving my own presentation 
and clarification of some key concepts, such as how taxonomy can be specifically applied 
placing fossils in biological evolutionary relationships and not just sequencing chronologi-
cally, the concept of mosaic evolution, and perhaps the connection of these to the process 
of making variables (for example, species, fossil types, bipedalism, and so on) operational 
to allow for independent scientific comparison and analysis. I was, however, pleased that 
students were able to make some of the connections I expected, as well as some unantici-
pated ones. 

Finally, student comments both immediately following the exercise and at the end of the 
course demonstrated the level of interest and enthusiasm students had for this project. 
There was a general agreement that this assignment helped to clarify some course content 
and enabled students to feel more confidence in their ability to apply the new skills they 
had obtained. 

Current trends toward assessment and accountability in curricula stress assessment of 
learning outcomes, and at the top of that list is the ability to demonstrate understanding 
and application of scientific knowledge and critical thinking. Contemporary events such as 
the one described here provide grand opportunities to capture student attention and assess 
how well students have mastered the learning outcomes we designed into our courses. It 
is noteworthy that this article in the Huffington Post repeats some of the same arguments, 
“evidence,” and errors that Petto (2000) identified in his review of Coleman and Huyghe’s 
Field Guide to Bigfoot, Yeti, and Other Mystery Primates Worldwide, over ten years ago. 
Most of our students are not likely to become scientists, but this case study illustrates how 
the scientific method can be used to assess student ability to recognize unreliable and 
untested (and untestable) claims that so often appear and reappear in our popular media.

re fe r e nc e s
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appe n dix 1

My rating of student responses fell into three general categories: 

A. Excellent/Best: Thoughtful reflection and analysis of the evidence and explanations put 
forth, especially if the conclusions were accepted as plausible and creative use of course 
concepts for analysis of, testing, and arriving at hypotheses, with some discussion of what 
might support or negate the predictions. An example of this was the student citation above, 
in which a hypothesis was formulated based on the possibility of an isolated breeding 
population (If such a species should exist ..., then we should expect ....) along with a way 
to discover and test it, (air, foot, and even satellite photography), as well as a prediction as 
to what the possible evidence might be (bones, scat piles, and so on). This post was par-
ticularly notable in that it appeared on a discussion thread and made use of information 
offered by other students, as well as our class reading. 

B. Good/Strong: Focus on methods and evidence, recognition of opportunities for applica-
tion of course concepts, and some degree of creative testing or arriving at alternate ex-
planations of the “evidence” presented in the article. As a case in point, a student dealing 
with the question of taxonomy, mosaic evolution, and linear evolution wondered whether it 
would be possible to test the possibility of ape/human reproduction, by artificially insemi-
nating a female human egg with chimp sperm! This, she offered, might be a way to deter-
mine the possibility of such an event to have occurred, and what kind of offspring it might 
create. “It might help us,” she suggested, “to see what a half ape, half human creature 
might look like,” and compare it with fossils we already have. To be sure, this was innova-
tive, and it did provide an alternative line of inquiry for comparison. Of course, it fails to 
deal with the evidence directly, missed the point that evolution is not a simple replacement 
process along a linear trajectory, and completely ignores the concept of mosaic evolution, 
in which not all traits (brain size, upright posture, patterns of communication, tool mak-
ing, and so on) emerge simultaneously. It also, as other students actively protested, raises 
considerable ethical concerns!

C. Poor/Weak: “Knee jerk” reactions focused on claims, rather than methods and evidence; 
little application or misapplication of key course concepts; lack of initiative in analysis or 
providing thoughtful solutions. Some of the early posts reflected this kind of response, 
ranging from complete incredulity that such a creature could even exist beyond mythology, 
to ad hominem attacks, questioning the lack of reputation of Ketchum (the veterinarian 
purportedly carrying out the research). While legitimate questions could be, and were, 
raised about cross-testing with other labs, along with concerns over legitimacy of samples, 
these comments, on their own, were of little value, other than to get the discussion going. 

Table 1 presents the breakdown for these. At the time of this exercise, the class size was 23. 
Not all students directly answered all questions, but many posts either included or touched 
upon information related to two or more of the questions in my original forum post. The 
number of posts per student ranged from 4 to 18, with the average post per student at 8. 
Obviously, some were really enthusiastic; it appeared that class participation and enthusi-
asm grew as the discussion forum progressed. I interjected my own instructor comments 
at some points, but I wanted this to be student-driven, so these were kept to a minimum.
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table 1. Summary of Class Responses to Questions.

Qu e stiOn s stu de nt re s pOn s e s

1. What do we know about the 
“validity’ of the samples?

10 posts directly addressed this question; most were skeptical. 
(A = 9; B = 1)

2. Has this research been cross 
(blind) tested by another 
lab?

10 posts directly addressed this question; most were skeptical. 
(A = 9; B = 1)

3. What about the various ‘the-
ories’ that have been tossed 
around? Set up a hypothesis 
(or more)—complete with 
operational definitions. Has 
Occam’s Razor been ap-
plied? What do we need to 
know?

30 posts directly or indirectly addressed this question. Some ex-
amples provided in the text. This section of the course seems 
to have worked moderately well; while most students were able 
to come up with hypotheses, some struggled with the issue of 
how to operationalize variables as valid and reliable. (A = 12 ; B 
= 16; C = 4)

4. Given what we have learned 
about dating of fossil re-
mains, and taxonomy, how 
do claims put forth set 
within the framework? Con-
sider discussion of mosaic 
evolution, linear theories of 
ancient man, missing links 
and so forth.

32 posts addressed one or more of the points in this question. 
Some student posts were vague or inaccurate on particular 
points of taxonomy, while others ignored that issue. Only five 
posts used the concept directly, but of those, four were rated 
as A answers, the other was a B. The concept of mosaic evolu-
tion was not well understood, pointing out weaknesses in those 
areas of my course. The fallacy of single species replacement 
within a model of unilinear evolution seems to have made an im-
pression, as 15 posts directly addressed this point in one way or 
another. Some of these, inevitably, overlapped with other ques-
tions and topics in the course. This was particularly gratifying to 
see. (A = 13; B = 2)

5. What other types of evi-
dence might we need? Can 
we set up further hypoth-
eses to test research sug-
gested by this research?

18 posts focused on the first question, while only 8 addressed 
the second part. Those that did address the second part, how-
ever, were particularly good, all receiving an A rating.

6. Who has provided funding 
for this ‘research study?’ 
Would they be considered 
as objective, detached and 
scientifically minded?

26 posts were directly related to this question; most of them 
replies or comments to other student posts. This point seems 
to have generated considerable skepticism for the legitimacy of 
the Sasquatch claim. Only 16, however, were A-rated posts, as 
the others did not point out the precise issues with funding and 
its potential influence on research. Six students pointed out that 
other “more scientific” (or at least recognized) research founda-
tions might have provided funds for multiple lab testing of speci-
mens and/or data collection.

Copyright 2013 Ted Sullivan; licensed under a Creative Commons Attribution-Non-Commercial-
NoDerivs 3.0 Unported License. http://creativecommons.org/licenses/by-nc-nd/3.0/
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Evolving: The Human Effect and Why It Matters
by Daniel J Fairbanks 
Amherst (NY): Prometheus Books, 2012. 328 pages

reviewed by Rebecca L Cann

This sweeping summary of why the general public should understand the recent evidence 
for human evolution is an ambitious stab at rectifying the pitiful state of science teaching 
currently masquerading as modern biological education in many of our schools and univer-
sities. Fairbanks endorses the traditional explanations for why our place in nature must be 
better understood (that is, we must have a clear vision of what it means to be a human on 
this planet in order to alleviate poverty, cure illness, and combat destructive social systems 
that promote the extinction of biodiversity), but he probes even deeper. Fairbanks attempts 
to frame his view of evolution in a predictive and more nuanced portrayal of genomic in-
sights because, as he states, “Right now is the best time in history to be a scientist” (page 
291). He appears to want to convince readers that, although considerable debate about 
whether or not the Human Genome Initiative delivered on all its promises to revolutionize 
medicine, changes in genome technology that make acquisition of sequence data cheaper, 
faster, and simpler will make good on these promises.

There are instances within this volume when the author just shines. One is his description, 
toward the end of the book, concerning the importance of the work of the Russian geneti-
cist Nikolai Vavilov for our understanding of domestication centers of animal and plant 
species and the threat posed by the “genetic erosion” of our food supplies (a term he uses 
to explain why monocropping is an ultimately bad idea for anyone concerned with food se-
curity). Few Americans know the history of the brave scientists at Vavilov’s institute during 
the siege of Leningrad during World War Two, and their heroic efforts to keep agricultural 
genetics alive during a time of privation and death. Most of the individuals whose work 
Fairbanks recounts here gave their lives for the protection of seeds gathered and banked 
from Vavilov’s eight centers of domestication around the world. To read about their efforts, 
placed in a modern perspective of DNA barcoding and the industrialized world-wide epi-
demic of obesity, may dissuade us from oversimple reactions to GMO debates concerning 
food labeling. 

A second example of Fairbanks’s far-reaching insights comes in his description of the differ-
ences between the human and chimpanzee genomes, including the fine-scale that we can 
now compare them with, given advances in methods of DNA sequencing and bioinformatic 
analyses. Many of us have become complacent in hearing the numbers summarizing the 
similarities between the average common chimpanzee and the average modern human’s 
base pair scorecard. Fairbanks takes on this lineup, pointing out which chromosomes in 
particular are different, what repetitive DNA elements have to tell us about particular gene 
events, and how our genomes are continuing to evolve new sequences and functions. His 
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summary of pseudogene evolution is one of the best I have read for a non-specialist audi-
ence, in that he takes specific examples from both the field of infectious diseases and de-
velopmental biology and explains how evolutionary insight are essential to understanding 
the structure and function of these sequences.

Less satisfactory is his description of the sequence of events surrounding the AIDS epi-
demic, and how comparing the DNA diversity of different HIV strains helps us understand 
how this modern tragedy unfolded. Nowhere in the text does he explain the role colonial-
ism played during the 1920s in central-west Africa, where forced labor camps to build rail 
networks created population centers of predominantly displaced male workers, or the par-
enteral viral amplification made possible by use of poorly sterilized syringes employed by 
health care workers there attempting to treat the workers’ infectious diseases. He further 
ignores the role that big pharmaceutical companies played in facilitating the spread from 
Africa of HIV strains, detailed in Jacques Pepin’s The Origins of AIDS (2011). In their boom 
years, blood banks scrambled to find commercial sources for plasma necessary for blood 
products. Blood was often taken from paid donors in the Caribbean, including many im-
migrants from central Africa—and with it came AIDS. As a result, Haitians were unjustly 
stigmatized as a population. After a period of chaos following independence from Belgium 
in the early 1960s, many Europeans left the Congo, replaced by over 1000 teachers and 
technicians from Haiti hired by UNESCO to perform essential services. Many of these 
temporary workers later returned to Haiti, at a time when corruption under the Duvalier 
regime was rampant. A political ally of François Duvalier (Papa Doc), a man named Luck-
ner Cambronne, formed the Hemo-Caribbean plasmaphoresis center in Port-au-Prince, ex-
porting 6000 liters of plasma to the US per month. The plasma was sold to primarily four 
companies here, Dow Chemical, Cutter Laboratories (now AG Bayer), Dade Reagents, and 
Armour Pharmaceutical, where multiple drug products were produced using pooled lots 
of plasma product. 

I also did not agree with Fairbanks’s unquestioning acceptance of the estimated time scales 
for the spread of different human populations based on molecular divergence of different 
maternally and paternally inherited DNA sequences. These estimates come with rather 
large confidence intervals that are constantly debated and rehashed as new data appear 
and new calibration points are chosen. It is likely that culturally and biologically modern 
human populations pulsed out of homelands in Africa, the Middle East, and South Asia pri-
or to the times currently heralded, and the flux of groups occupying contested crossroads 
probably will obscure the reconstruction effort to identify specific DNA arrangements or 
haplotypes with modern populations in or near these regions. Here the drive to obtain and 
analyze ancient DNA samples is ultimately the bottom line.

Overall, this book is a slow read in places and a great read in others. It goes into greater 
details of molecular biology than Marlene Zuk’s Paleofantasy (2013), and is more compre-
hensive in its vision to show how evolution is central to modern biology and empirical 
medical science. The author expresses considerable dismay at the failure of individuals to 
understand and incorporate lessons learned, citing examples from his own life and that of 
his family. It is often the personal story that emerges the strongest from his telling, flavor-
ing and humanizing the medicine as it goes down. This book is uneven and pedantic in 
places, energizing and uplifting in others. For me, the most profound message that came 
through was his optimism that we as a species will retain the biological capacity to adapt 
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and change to whatever stupidity we bring upon ourselves, whether from our failures to 
vaccinate children for preventable diseases, or our misuse of pesticides and herbicides. As 
long as there is diversity in the gene pool, he maintains, we still have a fighting chance. 
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Evo: Ten Questions Everyone Should Ask about Evolution
directed by John Feldman 
Spencertown (NY): Hummingbird Films, 2011. 107 minutes

reviewed by Mitchell B Cruzan

This collection of short videos provides clear explanations for some of the basic principles 
of evolution and the history of life on the earth. The ten individual chapters are nicely 
tied together by several themes: the narrator’s son finds fossils in their gravel driveway, 
the timeline for the history of the earth is illustrated by markers along the length of a 
person’s forearm, and an international conference on evolution is held in the Galápagos 
Islands, which provides a nice backdrop of interesting organisms and scenery. The film 
is structured around explanations of evolution by attendees at the conference—some of 
the best known researchers in the field of evolutionary biology. Their lucid explanations 
of evolutionary processes are separated by colorful footage of organisms in nature that 
illustrate the primary ideas. The major points in each chapter are made clear by “pop-up” 
captions that appear regularly throughout each video. The narrator ends each chapter with 
questions that provide natural segues to subsequent chapters. Overall this video would be 
an excellent tool to supplement instruction on evolution in an advanced course at the high 
school level or an introductory college course. 

The first chapter of this video answers the question, “What is evolution?” Subsequent chap-
ters in the first half of the video provide a biography of Charles Darwin and explanations 
of concepts such as natural selection, speciation, genetic drift, and mutation. The second 
half of the video takes on additional topics such as the importance of symbiosis and co-
operation in evolution and patterns in evolution such as punctuated equilibrium, and also 
provides a brief history of life on Earth using the “arm timeline” metaphor. There are also 
two chapters addressing the history of misrepresentations of evolution, including a chap-
ter dedicated to the misunderstanding that evolution is random. The last chapter asks the 
question, “Why should anyone care about evolution?” The primary reasons given are relat-
ed to challenges associated with anthropogenic changes to our planet, understanding why 
some pathogens such as HIV are so successful, and the challenges of genetic engineering. 
I would have preferred to see this question framed more positively—for example, “How 
has our understanding of evolution improved our lives?” The answers to that question are 
too numerous to count; many advances in biology and many other fields, such as engineer-
ing and computer science, have been made possible through the applications of principles 
from evolutionary biology. It would have been preferable to include more optimistic rea-
sons for the importance of understanding evolution and science in general. 

While I give this video high marks for content and for including commentary from some of 
the most well-known evolutionary biologists of our time, the presentation was bland and 
probably would not hold the attention of most students. My suspicion on this point was 
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confirmed by my niece, a high school biology teacher—she thought that the video would 
have lost the attention of most of her students five minutes into the first chapter. Like many 
videos of this genre, this one relies too heavily on images of scientists espousing their wis-
dom with hand gestures. I can’t help but contrast this video to one promoted by the Discov-
ery Institute on the “discovery” of “intelligent design”. There are many parallels—scientists 
gathering for a conference and shots of articulate individuals explaining their perspectives 
in various “science” settings (labs or offices with lots of books). The “intelligent design” 
video, however, does a much better job of illustrating ideas with animated graphics; its de-
pictions of the “molecular machinery” are much more vivid and memorable than anything 
presented in Evo. Without contextual guidance, any student viewing these two presenta-
tions side-by-side would more likely be drawn to the “intelligent design” video. 

On balance, I would recommend the Evo video for classroom use or as online content as 
long as supplemental information and opportunities for discussion are provided. Students 
need help with understanding why these particular scientists were interviewed—with re-
spect to the important contributions they have made to our understanding of evolution—
and with understanding that these scientists are just a small sample of tens of thousands 
of evolutionary biologists from around the world. The use of captions during the video 
provide nice “pause points” for discussion and assessment of understanding. The impact of 
the questions posed by Evo could be improved if an instructor were to provide additional 
examples to illustrate the major principles being covered. The video proceeds at a good 
pace, and the inclusion of nature scenes and other minor themes provide nice breaks that 
will help retain students’ attention. This video may be poor competition for the barrage of 
imagery and media that today’s students are exposed to on a daily basis, but with some 
effort, instructors will be able to utilize Evo as an effective instructional tool. 
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The Fact of Evolution
by Cameron M Smith 
Amherst (NY): Prometheus Books, 2011. 346 pages

reviewed by Eric W Dewar

What makes people accept one idea in favor of another? Educational psychologists are still 
honing our understanding of how students overcome misconceptions of scientific ideas. 
The Fact of Evolution presents itself as a means to end the argument over evolution by 
portraying evolution as the unavoidable logical consequence of replication, variation, and 
selection. Smith’s book promises a linear, teaching-tested structure that has made “the 
essence of evolution absolutely clear” to his students. His intended audience is primarily 
undergraduate students who are not majoring in science. He states that the role of profes-
sors and science writers in this setting is to give the backbone framework of evolution, 
but in effect nothing extra. I understand the impulse to stick to the basics, particularly for 
students who have little background scientific knowledge. Indeed, a course that stuck to 
the most central elements of evolution would still leave a student with a coherent under-
standing of this cornerstone of biology. Nevertheless, we must recognize that every student 
comes to college with some misconceptions about how the natural world works. These 
misconceptions and other knowledge gaps can’t be disregarded in a presentation of scien-
tific ideas and perspectives. 

Smith’s tour of evolution rightly begins with replication of DNA and of individuals. His 
description of Watson and Crick’s work is clear, but his phrasing that things are “built by 
DNA” is troubling because it mistakenly gives the impression that DNA is an active con-
structor rather than a blueprint. Smith’s discussion of variation could have been tightened 
up, and even presented a little more strongly—he writes as though the reader doesn’t really 
care about variation in other species, despite our acute awareness of it among humans. 
However, he effectively explains that selection is not a conscious agent that is directing 
change in populations for their own sake. But is it right to say that selection is just “the fact 
of differential reproduction”? That gives the impression that the conclusion is unavoidable, 
and implicitly, that the conclusion should be obvious. Naive readers who were looking to 
have their misconceptions addressed might be left unmoved. 

Smith’s extensive survey of the literature of evolution is one of the book’s strengths. As 
a resource for teaching, these examples can be quite useful, but the scaling of examples 
and argument could have been improved. Sometimes rather complicated examples were 
recruited to support relatively simple ideas, and the narrative sometimes repeated informa-
tion presented quite effectively in tables or figures. At the same time, some very relevant 
cases were relegated to the endnotes, as though they were too unimportant for general 
discussion. Most of the examples are taken from among animals other than humans, with 
fewer cases from microbes or plants. I agree that animals tend to be relatable examples 
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for non-science students, but Smith missed a lot of chances to show evolution’s relevance 
for humanity’s history and our diseases. For example, an effective example of mutation of 
the alcohol dehydrogenase gene in fruit flies was left disconnected from the presence of 
this same gene in humans. After a while, I got the impression that evolution is irrelevant 
to humans, because we don’t see our faces in most of the examples in this book. A series 
of cases given later in the book should have been explicitly posed as thought questions for 
readers to apply their new understanding of evolution; as presented, they looked like the 
examples found earlier in the book without the explanatory resolution found there.

Smith claims that the comparatively low level of acceptance of evolution in the United 
States is due to the way that it was presented to the public by “disciplinary” (that is, less 
evolutionary) practitioners of science. He seems to argue that a top-down dissemination of 
knowledge (as in Britain, with Thomas Henry Huxley in the vanguard) was the better way 
to win over the public. But this idea ignores the real impact of religious conservatism on 
the culture of the United States, and it certainly doesn’t address the resistance to evolution 
in religious non-Western cultures such as Turkey. I liked his ideas of why creationism is 
attractive to laypeople, particularly in his discussion of how we perceive the appearance of 
“designedness” in nature, but not all examples were up-to-date or expanded enough. No 
minds will be changed simply by proclaiming that evolution is a fact “because scientists 
say so” in Science, Nature, and outreach publications by the National Academy of Sciences. 

Smith’s treatment of evolution is somewhat ahistorical, which is a shame: All interested 
laypeople who would read a book like this deserve to be brought into the fold of scien-
tific thinking. Let them think like scientists! Telling the story of how evolutionary theory 
developed lets students understand how our perspective of the natural world progressed 
from prescientific ideas through Darwin, the “mutationists,” the Modern Synthesis, and 
post-synthesis developments. But for the most part, Smith neglects opportunities to do so. 
Lynn Margulis, for example, is held up as a renegade thinker, but we don’t learn how her 
perspective differed from mainstream evolutionary theory. Alternative ideas, those that 
truly shift our perspective, should have been brought up in the context of the process of 
science—that comparison would have helped the argument and it would have put the ideas 
in their historical perspective. 

Do we accept theories as facts? I know that scientific terminology is like kryptonite for the 
non-science student. To people who think that they’re not interested in science, teaching 
about the scientific method sounds too much like some lame ninth-grade science book. 
Why insist upon being clear about facts, laws, and theories? It makes a difference because 
our words do matter. Smith states early in the book that he dislikes the term “species,” opt-
ing to use “life-form” in the book instead. He does explain the reality of species midway 
through the book, so does using “life-form” really help to ease the reader into thinking 
about species, populations, and individuals? He also “avoided using the term adaptation 
because of its baggage.” Wouldn’t it be better to dispel misunderstandings, rather than 
avoid engagement? 

Even after 150 years of the Origin, consensus among scientists is not the same thing as 
philosophical truth or public acceptance. Even a book that uses positive evidence of evolu-
tion must acknowledge the points of view or common tactics of the opponents of the idea. 
Common misconceptions that are regularly trotted out by anti-evolutionists should have 
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been outlined more carefully to explain how they misrepresent a richer understanding of 
the natural world. Smith’s work has many strengths as a reference for the recent literature 
about evolution, and would probably be a good resource as a text that supports a course, 
but not as a primary textbook.
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Tree-Thinking: An Introduction to Phylogenetic Biology 
by David Baum and Stacy Smith 
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reviewed by Kristy L Halverson

I was very eager to receive my copy of Tree Thinking: An Introduction to Phylogenetic 
Biology by David Baum and Stacy Smith. I have spent the past six years investigating the 
ever-growing field of tree thinking and how college students come to make sense of these 
representations. Until reviewing this text, I had yet to find a valuable text resource that ex-
plains tree thinking on a conceptual level appropriate for people new to the subject. This 
text did not disappoint.

Tree thinking involves understanding the branching pattern produced by evolutionary 
processes; branching diagrams are used to show how different branches on the tree of 
life connect and relate. Scientists are able to use these diagrams to illustrate hypothesized 
evolutionary relationships among taxa by mapping descent from common ancestry. Un-
fortunately, interpreting and comparing phylogenetic trees can be a complex process, and 
people that are not familiar with these diagrams often tend to misinterpret the meanings 
conveyed (for discussion, see Gregory 2008; Halverson and others 2011). 

I was pleasantly surprised at how incredibly easy it was to read this text. I could breeze 
through a chapter or two at a time with very little effort. I appreciated that the authors 
included helpful and clear definitions of terms associated with tree thinking to help unfa-
miliar readers understand the language used throughout the text. There were ample visual 
representations provided throughout the text to aid the written explanations of tree think-
ing, particularly tree interpretation. The variety of these images was a refreshing alterna-
tive to the more monotonous treatment of traditional textbooks. 

I would have liked to see more comparisons among historic trees side by side in the text. 
Still, all of the art in this text is available upon request for teaching purposes, and I can 
make these comparisons in class. There was not as much emphasis on tree building as 
on tree reading, but this is a common skew in tree thinking. Additionally, tree thinking is 
closely tied with evolution, a cross-disciplinary concept, but the text never went into detail 
on expanding this idea.

This text is supposedly targeted to a large range of audiences, including undergraduates. 
The introductory chapter and the first half of the text is a nice primer for anyone interested 
in phylogenetics, but overall I think this text is best suited for faculty, researchers, and 
graduate students. This text offers much too specific content to be useful as a standalone 
textbook for most undergraduate courses and would be better suited as a supplemental 
reference. However, for targeted graduate courses, this text would be an ideal choice. 
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Upon my initial perusal of the text, I was delighted to find a pretest for assessing student 
knowledge of tree thinking and end-of-chapter quizzes for each of the eleven chapters. 
The multiple choice pretest is even available on line, so instructors can use it to measure 
initial student understanding and (if instructors also administer a posttest) learning gains. 
Unfortunately, upon utilizing this pretest in a classroom situation, I discovered that this 
feature was not as much of a benefit as I had hoped. I used the text with graduate students 
enrolled in a phylogenetics course at my university. When I administered the pretest, it 
took the students much longer than I anticipated to complete it, with most students requir-
ing over thirty minutes. The quiz questions seemed to cover some of the most important 
aspects of interpreting trees. Yet some of the questions were too long and confusing for 
students to understand what was actually being asked. For example, several of the multiple 
choice questions required more than one response to be considered a correct answer (for 
instance, Question 2 required that students select choice C and D for a correct response) 
and others offered confusing wording. I found that the included assessments were not the 
best for measuring tree thinking understanding—I was left to infer for myself why students 
selected their responses. The authors do not provide any reference to the assessment’s 
validity or reliability. And there were errors in several of the questions and answer key 
(for example, the answer to Question 9 should be D, but C is accidentally recorded as the 
correct response). Still, with a knowledgeable group, working through the problems and 
assessment provided sparks for intellectual discussion on tree thinking. Students debated 
and justified rationales for responses and sought to determine accurate interpretations. 
This led to further use of the text as a valuable reference. 

The text also presents multiple problems to work through that address varying aspects of 
tree thinking. This approach allows the text to provide a stimulating way for readers to 
challenge their current ideas about phylogenetic trees. Other than the initial pretest, the 
graduate students found the text easy to use and understand. Several asked to borrow my 
copy of the text for further use as a reference for their projects. They found this text to be 
ideal for generic information on tree thinking and a perfect supplement to Joseph Felsen-
stein’s Inferring Phylogenies (2004). As opposed to Felsenstein, a technical, difficult read 
that is full of details, Baum and Smith provide a straightforward synoptic presentation of 
phylogenetics. 

Overall, I was impressed with the variety in tree representations, the attractive appearance 
and size of the text, and the welcoming introductory chapter. I have already obtained mul-
tiple copies of this text and have assigned readings from it to all of my graduate research 
assistants. Each copy has survived heavy use and will become an invaluable addition to my 
lab’s reference library. Understanding tree thinking is a complicated process that becomes 
much easier when using this text as a reference. 
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reviewed by Tania Lombrozo

Evolution Challenges brings together 19 chapters by 36 contributors to tackle the thorny 
challenges associated with teaching and learning about evolution. The contributors are 
predominantly drawn from university faculty and researchers in departments of psychol-
ogy, biology, or education with methodological expertise ranging from laboratory studies 
to the development of pedagogical materials for classrooms, museums, and the Internet.

The first half of the volume focuses on the cognitive and perceptual constraints that influ-
ence people’s understanding and acceptance of evolution. As emphasized by E Margaret 
Evans, Karl S Rosengren, Jonathan D Lane, and Kristin LS Price, such constraints can both 
help and hinder learning. For example, by the time students encounter the idea of evolu-
tion, they already have some ideas about biological categories: children tend to think of 
species as fixed and discrete categories in the world, where all members of a species share 
some common “essence.” This idea, known as “psychological essentialism,” is discussed in 
detail by Susan A Gelman and Marjorie Rhodes in the book’s opening chapter. One prob-
lem with psychological essentialism is that it makes it hard to understand speciation: how 
one fixed and discrete category could evolve into another.

Psychological essentialism conspires with other aspects of “folk” biological categorization, 
highlighted by John D Coley and Tara M Muratore, to make natural selection especially 
challenging to understand. When we think about biological species, for instance, we typi-
cally represent the mean or average of the category rather than the variation within it. To 
make this concrete, think about wombats. Chances are you imagined one or more “typi-
cal” wombats without thinking much about natural variation in wombat color, strength, 
or personality. But without variation, there’s nothing to generate heritable differences in 
reproductive success, and therefore nothing for natural selection to differentially “select.” 

Unfortunately, problematic psychological biases don’t end there. Deborah Kelemen docu-
ments children’s general preference for purpose or “teleology”, and Camillia Matuk and 
David Uttal suggest a human tendency to impose a compelling narrative structure on evo-
lution, a “March toward Man”. These biases contribute to misconstruing evolution as a goal-
directed process that operates over individual members of a species. Michelene TH Chi, 
Agnieszka Kosminska Kristensen, and Rod D Roscoe capture many of these misconcep-
tions in suggesting that people fail to recognize natural selection as an emergent process 
that operates at the level of a population.
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What’s to be done? The contributions in the second half of the book take up this question, 
proposing and evaluating strategies for teaching evolution to different kinds of learners 
(children, adults, and teachers) in a variety of contexts (classrooms, museums, and online). 
For example, a chapter by Paul M Beardsley, Mark V Bloom, and Sarah K Wise synthesizes 
the upshot of two dozen or so published papers reporting evidence for educational strat-
egies that improve students’ understanding of evolution. While their recommendations 
vary for different age groups, it’s clear that lectures are a very ineffective way to improve 
understanding, with more evidence of success for inquiry-based activities, curricula that 
acknowledge students’ pre-existing misconceptions, and collaborative learning. Judy Dia-
mond, Patrick Kociolek, Evans, and Amy N Spiegel provide nice discussions of the role of 
museums in both perpetuating and overcoming misconceptions concerning evolution, as 
well as the ways in which psychology can inform the design of exhibits, and in turn pro-
vide a venue for novel research. Anna Thanukos and Judy Scotchmoor provide an informa-
tive summary of successful efforts to provide accessible lessons about evolution and the 
nature of science for teachers and the general public through websites like Understanding 
Evolution and Understanding Science.

Several themes were particularly striking as I read through this diverse collection. First, 
people’s understanding of evolution is heterogeneous, not only in the sense that it varies 
across people, but also in that some evolutionary ideas are easier for people to grasp than 
others. Microevolution is less challenging than macroevolution, for instance, and differen-
tial survival less problematic than differential reproduction. Accordingly, different evolu-
tionary concepts present different challenges for learners and educators, and sometimes 
benefit from different pedagogical approaches. 

Second, people’s understanding of evolution is embedded within larger frameworks con-
cerning their understanding of science and religion. In a subsection of the book sand-
wiched between an early focus on psychological biases and the final chapters on educa-
tional implementation, three authors tackle “epistemological issues” in learning, with Clark 
A Chinn and Luke A Buckland advocating approaches to instruction that engage learners 
in generating and evaluating models, Ryan D Tweney identifying the epistemology of “folk 
religion” as an important barrier to understanding evolution, and Michael Andrew Ranney 
considering larger sociological, religious, and nationalistic influences on people’s accep-
tance of both evolution and climate change. Craig E Nelson also advocates teaching evolu-
tion within a broader dialogue about science and religion, and many contributors advocate 
teaching the nature of science alongside evolutionary content.

Third, big misconceptions don’t always require big interventions. Evolution education faces 
a number of challenges, and most attempts to teach evolution have a modest track record, 
generating minor improvements for a subset of students after considerable investment. But 
the book presents some impressive examples of relatively minor changes that can have big 
effects. For example, Kefyn M Catley, Laura R Novick, and Daniel J Funk discuss the impor-
tance of “tree thinking” and document perceptual biases that lead students to misunder-
stand the evolutionary relationships depicted by cladograms when they are presented in a 
“ladder” format, where taxa branch off lines forming Vs. The simple shift to a “tree format,” 
where relationships between taxa correspond to more natural perceptual units (more like 
square brackets), leads to marked improvement in student understanding. Similarly, Matuk 
and Uttal report that something as simple as having cladograms appear to students in an 
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animation from top to bottom disrupts the misleading sense that the diagrams depict a 
temporal sequence from left to right or bottom to top. 

The volume also includes examples of more extensive educational interventions that can 
yield positive results. For example, Andrew Shtulman and Prassede Calebi describe a cur-
riculum in which they guide students through Ernst Mayr’s (1982) “derivation” of natural 
selection from superfecundity, resource limitation, trait variation, and trait heritability. 
Sherry A Southerland and Louis S Nadelson describe a course for preservice teachers in 
which they encouraged students to consider the political, religious, and emotional barriers 
to evolutionary understanding. And as a final example, Diamond, Evans, and Spiegel report 
that a visit of about 20 minutes to the Explore Evolution exhibit was sufficient to improve 
children’s and adults’ understanding of key evolutionary concepts such as common descent 
and natural selection. While researchers and museum staff made an enormous investment 
in designing the exhibit, the short time required to peruse the exhibit is a relatively minor 
investment on the part of museum visitors, making it impressive that learning gains were 
observed at all.

A final theme that runs throughout the volume concerns the goals of science education 
in general, and of evolution education in particular.  Several contributors raise questions 
about whether the correct goal for educators is to have students understand evolution or 
to accept it as well. To quote a final commentary by Sarah K Brem and Gale M Sinatra: 
“Philosophically, we may find that we want understanding, and feel troubled pushing for 
acceptance; emotionally, understanding without acceptance seems fraught with peril and 
leaves us wondering if we have fully accomplished our jobs as educators” (p 438). These 
issues engage with broader questions about the role of education for individuals and for a 
democratic society.

Overall, this is a broad-ranging volume that straddles basic research on evolutionary un-
derstanding and educational practice. As a result, it’s likely to have something new for both 
teachers and researchers, and may be of interest to general readers hoping to learn more 
about the psychological underpinnings of people’s understanding (or misunderstanding) 
and acceptance (or rejection) or evolution. The chapters are well written and fairly acces-
sible, but this over-450-page tome is not a light read for the uninitiated.

Eugenie C Scott concludes the volume’s foreword with a quote from Darwin on natural 
selection—“There is grandeur in this view of life”—and suggests that the book’s content 
will “help us to convey that grandeur more emphatically, more empathetically, and more 
effectively than ever before” (p xii). This is an important book on an important set of top-
ics, sure to elevate discussion (if not alleviate distress) when it comes to the challenges of 
teaching and learning about evolution. 
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“It’s always the dinosaurs.” Now, you might expect there to be an image of a dinosaur on 
the opening page of the introduction with this subtitle, but instead there is a stunning im-
age of the Grand Prismatic Spring at Yellowstone National Park—one of many spectacular 
images that complement Michael Alan Park’s Exploring Evolution. The combination of 
compelling illustrations and lucid text makes it the perfect antidote to (and certainly not to 
be confused with) the cryptocreationist publication Explore Evolution (Meyer and others 
2007). Exploring Evolution is written without a trace of the condescending tone that char-
acterizes other publications on this topic. Park takes a holistic approach to evolutionary 
science and conveys his enthusiasm with language appropriate for a general audience. This 
book should be in every school library.

Park begins by relating how his fascination with dinosaurs as a child led him to choose 
a career in science. Scientists will appreciate his journey, as it is a shared experience for 
many. The answers to the question Park poses as the first chapter title “What is the scien-
tific method?” are forthright. The complexities of science are enumerated with examples 
that illustrate why scientific theories change. Park emphasizes the importance of testable 
hypotheses and calls attention to common misconceptions about science.

The next two chapters introduce the reader to the multidisciplinary nature of evolutionary 
science, starting with geological studies that reveal the age of the earth and then discuss-
ing genetic studies that provide mechanisms for biological change. The explanation of the 
geological principles of catastrophism and uniformitarianism are provided in their histori-
cal context. The chapter ends with Charles Lyell’s publication of Principles of Geology be-
tween 1830 and 1833. Park then introduces Gregor Mendel, the father of genetics, a monk 
whose single scientific publication from 1866 is responsible for our understanding of the 
principles of heredity. We then leap into the 21th century with a summary of our current 
knowledge of genetics, including the structure of DNA, the relationship of an organism’s 
genotype (the sequence of the DNA) to its phenotype (the appearance of the organism), 
and the contributions of molecular genetics to evolutionary theory. Introducing the semi-
nal studies of Mendel before Darwin’s contribution emphasizes the importance of genetic 
studies to the theory of evolution. Epigenetics, a new discipline that identifies heritable fac-
tors that do not alter DNA sequence, is provided as an example of research that contributes 
to the continuous refinement of evolutionary theory.

The stage is set for Park to introduce Darwin’s concept of natural selection with a focus 
on microevolution in chapter 4, “How do species change over time?” Darwin’s journey that 
led him to publish On the Origin of Species included exposure to Lyell’s Principles of Geol-

34

reports.ncse.com


Reiss review of Park

RNCSE 33.5, 9.2 September-October 2013

ogy and Lamarck’s inheritance of acquired characteristics. Park takes care to point out that 
Lamarck was not completely wrong: recent evidence from epigenetics suggests that there 
is a mechanism for information flow from the environment to the genome, and potentially 
to the next generation. It’s not that longer necks in giraffes are induced by stretching for 
food; rather, the composition of the food itself creates heritable marks in the DNA that 
do not alter the sequence and are not accounted for by Mendelian genetics. Results of ad-
vanced biochemical and genetic techniques reveal that Lamarck was ahead of his time with 
his theory of acquired characteristics. This does not diminish the importance of Darwin’s 
critique of Lamarckian inheritance to the development of the concept of natural selection; 
it is another example of how scientific thinking evolves. 

“How do new species evolve?” This question opens chapter 5 and introduces readers to 
macroevolution and the processes that lead to the establishment of new species. Park’s 
focus on Stephen Jay Gould’s theory of punctuated equilibrium, a challenge to Darwin’s 
idea of gradualism, provides an excellent example of the nature of the scientific process.

Chapter 6 unites the geological and biological concepts and provides a summary of our 
current view of the evolution of life on earth. The next chapter—“What do we know about 
human evolution?”—focuses on the evolution of humans, with the acknowledgment that 
this is the facet of evolution that is the most controversial. Again, Park uses the current 
controversies in this field as examples of the nature of scientific progress and the impor-
tance of testable hypotheses. The reader is left with the understanding that the human 
species evolved in accordance with well-established principles, but that there are still great 
discoveries to be made. 

Park’s discussion of the challenges to evolution guides the reader through pseudoscience, 
creationism, and “intelligent design”. There is a very simple yet effective challenge to the 
irreducible complexity argument that compares the potential of winning the lottery to ac-
tually winning the lottery. The “intelligent design” hypothesis that the eye is too complex 
to have evolved is falsified with an illustration that clearly identifies the evolutionary path 
of sight. 

The opening illustration in the last chapter, “How has the theory of evolution influenced 
modern society?” is an image from the 1968 movie Planet of the Apes, in which the main 
characters are thoughtfully gazing upwards while standing in front of a Grand Canyon 
backdrop. It may be bewildering why this icon of pop culture is included in a book on evo-
lutionary science, but Park argues that it would be difficult to understand the movie with-
out the context of evolutionary theory, demonstrating just how deep evolutionary roots go 
in our society. The eugenics movement is exposed as a misunderstanding of evolutionary 
theory that resulted in social Darwinism, which made judgments about human traits that 
were based on opinion rather than tested hypotheses and resulted in the sterilization and 
deaths of millions of people. Although credible scientists rejected eugenics during its peak 
in the early part of the 1900s, it was not dropped by society until after World War II. Eu-
genics is the dark side that needs examination in the light of ethics and human rights as a 
few still cling to its falsified tenets. Applied without prejudice, evolutionary theory reveals 
linguistic patterns that clarify human migration patterns.  In addition, the genes that make 
us living organisms and the social constructs that make us the species Homo sapiens fol-
low similar transmission patterns.
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Park asks us to understand that the diversity of the natural world can be explained by evo-
lution and does not require suspension of belief. Exploring Evolution successfully demon-
strates that science is not a replacement for spiritual beliefs, but provides common ground 
for everyone to celebrate the diversity of life, including dinosaurs, the bacteria of the Grand 
Prismatic Springs, and us.
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