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Thesis Abstract
The purpose of this study detennines the extent to which theistic beliefs may
affect student learning while students participate in a unit that focuses on evolutionary
theory. Thirty students from an International Baccalaureate/Advanced Placement
Biology course participated in pre-unit and post-unit surveys to understand students'
background knowledge and preconceptions about creationism and evolution. Nine of
the 30 students also participated in small group discussions to share their perceptions
on their learning experience and their learning process. Qualitative analysis
suggested three possible obstacles to student learning of evolution including a lack of
relevant personal schema to build upon, a lack of understanding about the nature of
science and a decision by students to ignore evidence that supports evolution because
their religious beliefs are contradicted. Quantitative evidence supports that exam
scores may be affected by student beliefs about evolution. This research suggests that
it may be important for teachers to revise biology course curriculum to use evolution
as the unifying theme in order to assist students in their understanding of evolution.
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Judith Hooper (2002) writes in her book Ofmoths and men, "Behind the story,
like a monster lurking under a five-year-old's bed is the bogeyman of creationism ....
For the record, I am not a creationist" 1 (p. xix). Hooper's book focuses on examining
the flawed experiments of H. B. D. Kettlewell performed dming the 1950s which
were once deemed "Darwin's Missing Evidence" because they demonstrated that the

appearance of a population of organisms will change as the environment in which
they live changes. Simply put, Kettlewell attempts to explain how populations of the
moths shifted from a white fonn to a dark, or melanic fonn, as the pollution of the
Industrial Revolution caused the trees and environment of Britain to shift to a darker
coloration (Hooper, 2002). While the change in the coloration of the moth population
is an undeniable fact, Kettlewell's procedure, data collection and description may not

be the most scientifically accurate.
Why would an author pointing out experimental flaws need to express her
beliefs on the creation of life? The theory of evolution2 continues to obtain more

1

Defining creationism is tricky due to at least 500 different existing creation stories (Robinson. 1995)
and a continuwn of groups pushing various levels of creationist beliefs (Isaak, 2000; Scott, 2000).
However, for the purpose of this study, creationism will be defined as the belief that God created each
organism perfectly adapted to interact with both its environment and other organisms in their present
day form (Mayr, 2000, 2001 ).
2
The theory of evolution states that populations of organisms differ in their genetic makeup and
compete for natural resources. This existing variation creates a varying probability for survival. Since
most of the differences are heritable, the natural selection of organisms that survive with the
adaptations best suited to their environment results in the evolution of the species (Darwin. 1859;
Jones, 2000, Mayr; 2000).
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support with each passing year. The more testing occurs, the more evidence
accumulates to strengthen its explanations. But opinion polls clearly indicate the
theory of evolution is not understood by society. Instead, theistic beliefs permeate the
thoughts and actions of the vast majority of individuals in United States high school
and college classrooms. By publishing On the origin ofspecies by means of natural

selection on November 24, 1859, Charles Darwin initiated an abrupt change of the
view of science which society does not understand. In particular, Darwin introduced
a concept of biological evolution that has people fiercely debating its points due to
their lack of understanding. The purpose of this study determines the extent to which
theistic beliefs may affect student learning while students participate in a unit that
focuses on evolutionary theory.
One of the first captivating debates on evolution took place at the Oxford
University Museum in 1860. The bishop of Oxford, Samuel Wilberforce, argued
against T.H. Huxley, a comparative anatomist, who embraced Darwin's works. A
legend of this debate speaks of Wilberforce asking Huxley "if it was through his
grandmother or his grandfather that he claimed descent from a monkey" (Hooper,
2002, p.25; Zimmer, 2001 ). It is reported that Huxley retorted:

If the question put to me is 'Would I like to have a miserable ape for a
grandfather, or a man highly endowed by nature and possessed of great
means and influence, and yet who employs these faculties and that
influence for the mere purpose of introducing ridicule into a grave
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scientific discussion~ - I unhesitatingly affirm my preference for the ape
(Hooper, 2002, p.25; Zimmer, 2001).
While Darwin's publication sparked debates, the basic idea that evolution is
responsible for the biodiversity of life became widely accepted after publication of
the Origin (Mayr, 2001), but it was difficult for individuals to accept that common
descent could apply to humans when the Bible proclaims humans uniquely superior to

animals (Mayr, 2000).
Prior to the 1940s the only method used to classify and determine organisms'
relations was systematics, the process of examining physical similarities. By the
1940s scientists like Griffiths, Avery, Hershey and Chase provided additional support
for evolution by arguing that DNA molecules found within every organism's cells
carried the genetic code determining the physical traits used to classify organisms
(Campbell, 1993). This form of analysis provided evidence to the validity of
systematics and common descent. Darwinism's acceptance grew, but the debates
continued (Mayr, 2000).
Politics in today's educational settings are greatly influenced by public
opinion of the evolution/creation debates instead of accepted evidence. In the past,
special interest groups formed to push for the removal of evolution from state

standards and curriculum guides and still do so today (Bybee, 2002; Cherl:t: Adams,
Loehr, 2001; Moore, 1999; McKeachie, Lin, Strayer, 2002). In 1999, the Kansas
School Board voted to reduce the emphasis of evolution in the state content standards
(Cherif, Adams, Loehr, 2001; Zimmer, 2001). In Oklahoma, Arkansas and
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Louisiana, law's passed in the early 1980s required textbook disclaimers or demanded
equal treatment of evolution and creation science (McKeachie~ L~ Strayer, 2002;
Paterso~

Rossow, 1999; Zimmer, 2001 ). Zimmer (200 1) argues that the phrase

creation science3 was created in a political move for the purpose of inserting a nonscientific theory of creation into the science curriculum.

In the early decades of the 20th century, textbooks boldly taught evolution.
Moon's Biology for beginners identified evolution as a "fundamental and unifying
concept of Biology" (as cited by Moore, 2001). From 1923-1924, multiple textbooks
wrote passages proclaiming evolution's truth. One such example found in H. H.
Newman's 1924 text, Outlines ofgeneral zoology, states: "There is no rival
hypothesis to evolution except the out-worn and completely refuted one of special
creatio~

now retained only by the ignorant, dogmatic, and the prejudiced" (as cited

by Moore, 2001). However, in the same year that textbooks affirmed D~
Fundamentalists4 shaped anti-evolution laws offering free textbooks, without glorious
Darwinian reviews, to public schools if teachers refrained from mentioning evolution
(Moore, 2001). In

1924~

North Carolina and Tennessee enacted laws to prevent the

3

Creationists successfully convinced the Republican Party of seven states to include statements in their
party platforms in the 1990s that encourage the teaching of creation science. Many of these groups
went as far as ascribing problems of the world to evolution's acceptance. According to their claims,
evolution makes men fighting animals; leads to Totalitarian politics like Nazism and Communism; and
leads to abortion, venereal disease epidemics, high divorce rates and racism (Paterson. Rossow, 1999;
Moore, 2000).
• Fundamentalists are a large and powerful group lobbying to prevent teachers and textbooks from
teaching evolution. This group formed after the publication of 12 pamphlets entitled "The
Fundamentals" which are based on a literal interpretation of the Bible.
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teaching of any theory denying Divine Creation as depicted in Genesis (Moore,
2001).
Although a multitude of Creationist laws have been developed, when taken to
court, creationists have lost every legal battle5 but still fight to change public
education (Moore, 1999, 2000). Creationism is still taught in public school science
classrooms under various names6 (Moore, 2000). Unfortunately, many Biology
teachers and administrators ignore Court decisions and teach creationism in biology
classrooms (Moore, 2000). Sadly very few people, if anyone, ever object.
The result is a serious blow to students as they graduate from these institutions
with an inadequate understanding about the nature of science (Bybee, 1997).
Students remain scientifically illiterate because the creationist and scientific belief
systems differ (Moore, J., 2000). Creationist beliefs are based on personal beliefs,
desires, hopes and fuith while scientists base theories on confirmable data derived

from natural observations, experiments, processes and critical thinking (Moore, J.,
2000). Scientific theories are more than beliefs because they are accurate
representative statements made from an accumulation of testable and confirmable
available evidence (Moore, J., 2000).

In summation, to understand the clear difference between the theory of
evolution and creationist beliefs it is essential to comprehend both evolution and the

5

See Moore (1999, 2000 & 2001) and Zimmer (2001) for more information about legal battles over
evolution.
6
Creation science may also be deemed Biblical Creationism, Abrupt Appearance Theory, Intelligent
Design or Evidence Against Evolution (Moore, 2000).
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nature of science. When Judith Hooper (2002) writes, -'For the record, I am not a

creationist" (p. xix), she is in no way claiming the data refutes the theory of evolution.
Instead, she is acting as a good scientist whose efforts may be inadvertently
misunderstood by creationists who do not understand the true nature of science. Just
because Kettlewell's explanation needs to be reexamined and retested, nothing
disproves the fact that the moth, Biston betularia, evolved during the Industrial
Revolution.
A multitude of scientists7 compiled massive amounts of evidence through the
20tb centuty confirming Darwinism. Due to the nature of science, all collected data
and conclusions are reexamined and retested to verify their validity. Evolution is
constrained by the data that have been discovered (Arsuaga, 2001). As more fossils

and data become added to the existing collection, often the new data may not fit an
explanation. Rather than disproving the narrative explanations, these explanations are
revised to better fit the now existing evidence (Arsuaga, 2001). While a final "truth"
will never be attained, it is possible that such overwhelming evidence can accumulate
to convince the scientific community to no longer question an explanation's accuracy.
It is at this point, when subjectivity has been replaced with clear objectivity that
science labels the explanation as a theory (Mayr, 2001). Unfortunately, creationists
vehemently fight to keep society confused about the nature of science. Creationists

7

Many scientists (e.g., E. Mayr, T. Dobzbansky, R.A. Fisher, J.B.S. Haldane, E. Stresemann. F. Ayala.
D. Futuyma. S.J. Gould, L. Margulis, J.A. Moore, E. 0 . W'l1son, etc.) have performed research and
experiments to further support Darwin's theory of evolution.
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do not publish scientific arguments, and rarely submit articles to scientific journals.
Instead, they take their arguments to a scientifically illiterate society. This political
positioning simply reinforces the beliefs that have led to the scientifically illiterate
society.
It is the opinion of this researcher that theistic beliefs will greatly impact
student learning as students study a unit focusing on evolutionary theory. The
analysis will focus on students
•

discussing prior influences, beliefs and experiences in which they are
exposed before studying evolution.

•

And how those influences, beliefs and experiences affect their learning
process.
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Chapter 2 Literature Review
A history ofconflict between science and religion
In 1514, Nicolaus Copernicus described a theory of a universe with the sun at
its center (O'Conner and Robertso~ 2002a). This theory contradicted the Bible and
argued that the Earth was not the center of the universe and that the Earth actually
orbited around the sun (NAS, 1998; O'Conner and Robertso~ 2002a). In 1610,
Galileo discovered that, when seen in the telescope, the planet Venus showed phases
like those of the Moo~ and therefore must orbit the Sun and not the Earth
contradicting the Bible's written word (NAS, 1998; O'Conner and Robertson,
2002b). An abundance of additional astronomical scientific observations
demonstrated conflict in the prevailing Christian idea (Mayr, 2001). The
accumulation of evidence led to the replacement of a theological interpretation in
favor of a naturalistic explanation accepted today (NAS, 1998).
Geologists in the 1~century also found evidence providing an indication to
the Earth's age (Mayr, 2001). The older layers of the earth's soil contained fossils that
differed from fossils found in each succeeding layer of soil. This fossil evidence
directly conflicts with the idea that all animals that ever existed perished in one flood
of Biblical proportions described in the ''Noah's Ark" story because this evidence
indicates that many different organisms lived at very different times during the
world's billions of years of history (Cherif, Adams, Loehr, 2001). Due to these
discoveries, scientists tried coping with the contradictions between the evidence being
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discovered and the word of the Bible by proposing compromises between the
evidence and their beliefs (Mayr, 2001).

Science relies upon natural processes and forces
Most leaders of major Jewish and Christian sects today believe that the Bible
is "a profound somce of deep philosophical understanding of human life and a system
of morals that can lead to a virtuous life" (Moore, J., 2000, p. 38). However, for all
of its insights, it is not scientifically valid because science's domain consists only of

natural things and processes rather than the supernatural (Moore, J., 2000).
To understand evolution, scientists must rely on all evidence to synthesize
descriptive statements of the natural world (Jones, 2000; Moore, J., 2000). If one
piece of evidence needs revision, this does not topple the description of the entire
body of evidence. For example, a case from Southern England claimed to have
discovered parts of a fossilized human skull. After thorough examination and
experimentation, it was deemed a fraud (Moore, J., 2000). This fraud did not
disprove evolution, it discarded unreliable data strengthening the remaining evidence

that bas been repeatedly verified (Moore, J., 2000). It is important that people realize
natural phenomena have natural causes (Moore, J., 2000). Therefore, education must
teach students how to think critically so science education must teach the real nature
of science to help people know how to analyze situations and make decisions based
solely on scientific data and rational thought (Moore, J., 2000).

Effects Of Theistic Beliefs 13

Defining evolution
Ridley (1996) formally defines evolution as "the change in the form and
behavior of populations of organisms between generations" (p. 3). Ridley (1996)
continues by defining natural selection: "some kinds of individuals in a population
tend to contribute more offspring to the next generation than do others. Provided that
the offspring resemble their parents, any attribute of an organism causing it to leave
more offspring than average will increase in frequency in the population over time;

the composition of the population will then change automatically" (p. 5). Darwin
(1859) notes, that selection cannot influence a population of organisms without the
presence of natural variation. While at the time Darwin was unsure of how
population variation came to be, experiments performed by G. Mendel, T. H. Morgan,
F. Griffith, and 0. Avery led to our present understanding that variation occurs
through genes, found on an individual organism's chromosomes (Campbell, 1993).
This is now deemed the study of genetics.
Jones (2002) eloquently elaborates and connects these tenns:
Evolution is driven by the simple, slow and potent mechanism of natural
selection. As this acts solely by accumulating slight, successive, favorable
variations, it can produce no great or sudden modification; it can act only
by very short and slow steps. As more individuals are born than can
possibly survive, a grain in the balance will determine which individual
shall live and which shall die. The slightest advantage in any one being, at
any age or during any season, over those with which it comes into
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competition, will tum the balance. Natural selection is simple. It picks up
inherited differences in the capacity to reproduce. If one version
multiplies itself better than others it will take over and, in the end, a new
form of life - a new species - will emerge. Errors of descent are the stuff
of evolution. Variation in the ability to copy them - natural selection gives it a direction. Nature does not favor beauty, or strength, or ferocity;

all it can do is to advance those best able to multiply themselves.
Although its products include the most beautiful and most repulsive of
beings there is no mystery to Darwin's machine: it is no more than
genetics plus time (p. xix).
Observations by Mayr (2001) in his studies with bird populations and observations by
H. L. Carson, K. V. Kaneshiro and A. R. Templeton studying Hawaiian species of the
fruit fly, Drosophila, provide growing support for Darwin's theory. However, Gould
(2002) and Eldredge point out that fossil evidence often seems to be in conflict with

gradual change because there are distinct and noticeable gaps in the fossil record.
To resolve this conflict, Darwin (1859; Mayr, 2001) proposed that these gaps
are due to the manner in which fossils are formed and later recovered. Only
organisms that died in specific environmental conditions, and were not dispersed by
hungry scavengers, formed complete fossils resulting in a very limited fossil record
(Campbell, 1993). Additionally, because fossils are generally buried, it is impossible
to uncover all existing fossils further limiting fossil evidence (Campbell, 1993).
Mayr (2001) as well as Gould (2002) and Eldredge agree that as populations become
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isolated, the new environment accelerates the rate of change in comparison to the
ancestral population. The chance of recording rapid phenotypic change in the fossil
record is exceedingly small (Mayr, 2001). Regardless of whether you follow a
strictly Darwinian model of gradual change or a more punctuated model of change
proposed by Gould and Eldredge, both agree that isolated populations will become
genetically modified enough to become different species.
To truly understand 'Darwin's theory of evolution' one must understand that
it is comprised of four distinct theories. These include the theories of gradual
evolution, common descent, speciation, and the mechanism of natural selection
(Mayr, as cited in Freedom's Nest, 2003).
To conclude this section, I tum to Mayr (2000) to summarize the theory of
natural selection in five facts and three inferences:
•

Fact 1. Every population has such high fertility that its size would increase
exponentially if not constrained.

•

Fact 2. The size of populations, except for temporary annual fluctuations,
remains stable over time.

•

Fact 3. The resources available to every species are limited.
o

Inference 1. There is intense competition (struggle for existence)
among the members of a species.

•

Fact 4. No two individuals of a population are exactly the same.
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o

Inference 2. Individuals of a population differ from each other in the
probability of survival.

• Fact 5. Many of the differences among the individuals of a population are, at
least in part, heritable.
o

Inference 3. Natural selection, continued over many generations,
results in evolution.

Perceptions and challenges to teaching evolution
The title ofDobzhansky's (1973) article, ''Nothing in Biology Makes Sense
Except in the Light of Evolution" succinctly phrases the ultimate reason why it is
imperative that evolution be taught in the science classroom. Without evolution
making the connection between all fields of biology, the knowledge becomes facts
with no greater meaning. However, evolution unifies the knowledge demonstrating
important trends and processes that occur in nature. Both the National Association of
Biology Teachers (1998) and the National Science Teachers Association (2003)
vocally agree with Dobzhanky's argument and actively pursue ways to ensure that the
teaching of evolution is not slighted or ignored in the science classroom.
Additionally, many articles supporting the teaching of evolution in the classroom
reference Dobzhansky's title because of its importance (Findley, Lindsey and Watts,
2001; McKeachie, Lin and Strayer, 2002; Moshman, 1985; Nickels, Nelson and
Beard, 1996).
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Since Dobzhansky's article appeared in 1973, scientists have spent enormous
amounts of time trying to determine how to best present evolution to students to
increase scientific literacy. Science teachers have recently borrowed pedagogy from
reading and writing teachers who encourage their students to connect new knowledge
to more familiar ideas and concepts (Allen, 2000; Harvey, 1998; Keene and

Zimmermann, 1997; Kinsella, 2002; Schoenbach, Greenleaf, Cziko and Hurwitz,
1999; Tovani, 2000). All of these authors proclaim success for students utilizing this
strategy and scientists welcome this strategy since the nature of science relies upon
progress of ideas connecting to previously learned knowledge (Nickels, Nelson and

Beard, 1996).
However, when focusing upon evolution, this learning strategy hinders
student learning due to society's perception of evolution (Nickels, Nelson and Beard,
1996). The issue of whether or not to teach evolution in the science classroom greatly
influences the attitudes and assumptions that students bring into the classroom and
will ultimately influence what they learn as well as what they believe (Findley,
Lindsey and Watts, 2001). The influences have continued to grow even though the
evidence for evolutionary theory continues to grow stronger.
While scientists have been collecting massive amounts of data to support
evolution since Darwin's publication, opinion polls of the American public do not
reflect support for evolutionary theory acceptance as fact (Chang, 1999; The Gallup
Organization, 1991, 2001; Kristof, 2003; PBS, 2000). Since 1991,44-48% of the
American public believes that life on Earth was created as it is stated in The Bible's

Effects Of Theistic Beliefs 18
Book of Genesis compared to only 9 - 100/o believing that Darwinian evolution bas
helped man to develop "over millions of years from less advanced forms of life" with
God having no role (The Gallup Organizatio~ 1991; 2001; Kristof, 2003; Chang,
1999). Another 37-40% of the population believes that evolution has occurred,
however, this evolution is a process guided by the hand of God (Chang, 1999; The
Gallup Organizatio~ 1991, 2001; Kristof, 2003) in other words, they believe in
theistic evolution.
The 1991 Gallup Poll does illustrate an interesting disparity. When breaking
down the numbers by certain classes of individuals, the Gallup Organization
discovered that 65% of those surveyed without a high school diploma accepted a
literal interpretation of Genesis while only 25% of the college graduates accepted the
same belief. Of those without a high school diploma, only 4.6% accepted a
naturalistic evolution interpretation while nearly four times that number of college
graduates (16.5%) accepted that interpretation. The numbers are greater still when
the poll is taken among scientists (Chang, 1999). 55% of scientists polled accepted a
naturalistic interpretation of evolutio~ 40% accepted a theistic interpretation of
evolution and 5% accepted a literal translation of the Bible. Chang (1999) notes that

the Gallup Organizatio~ has seen hardly any variation in those numbers since 1982.
A second disparity came in a 2001 Gallup Poll. 57% of the people in the poll
chose the term "creationism" over "evolution" when asked what term best describes
human origins (PBS, 2000). But a slightly larger percent of people chose an
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evolutionist explanation over a strict creationist explanation when asked to pick
between them (The Gallup Organization, 2001; PBS, 2000).
Data from a National Science Foundation survey (2000) found only ten
percent of the American public can be considered attentive to science and technology
issues resulting in low scientific literacy. In other words, the American public is
ignorant to the nature of science. Part of scientific literacy is having an understanding
of how ideas are investigated and analyzed (NSF, 2000). Scientific illiteracy leads to
misunderstanding.
Regardless of which poll one examines, it is evident that parents, school board
members, lawmakers and teachers all play an important role in building a student's
personal schema (McKeachie, Lin, & Strayer, 2002; Moore,]., 2000; Moore, 1999,
2000,2001, 2002; NSTA, 2003; Shankar & Skoog, 1993; Zimmer, 2001). Students
do build understanding from their experiences and in the last ten years students have
seen school boards attempt to remove the mentioning of evolution from state
standards in Kansas, Kentucky and New Mexico. In California, local school boards
have attempted to add the teaching of creationism into the science classroom while in
Ohio, the state school board and legislature try to do the same. Lerner (2000, as cited
in Moore, 2002) points out that 19 states do an unsatisfactory job in teaching
evolution. But even states with good marks have individual teachers who disagree
with the theory of evolution. Table 2.llists the percent of science teachers who
actively teach creationism within the science classroom even though the cowts have
continued to rule that to do so is unconstitutional.
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Table 2.1: A comparison of the percent of science teachers that teach creationism in
the science classroom (summarized from Moore, 2002)
State

% of science teachers
teaching creationism

Georgia

27%

Kentucky

30%

Louisiana

14%

Ohio

15%

Oregon

26%

South Dakota

16%

In addition to the great number of teachers already presenting creationism in
the science classroom, the numbers of teachers that believe creationism should be
taught increase these numbers to over 500/o (Moore, 2002). The result can be science
teachers fearing confrontation from other teachers, school boards or legislatures
(Nickels, Nelson, Beard, 1996; NSTA, 2003). Most students do not receive a quality
education in evolution (Findley, Lindsey, Watts, 2001). These students continue on
to universities graduating with degrees in biological fields without a true
comprehension of evolution or the true nature of science (Moore, 2002). What
should trigger an even larger concern is the knowledge that many of these graduates
will go on to become future teachers in science classrooms (Moore, 2002).
At an early age students are indoctrinated into the beliefs of God being the
creator of all organisms on Earth. Whether through Sunday schools, pre-schools, or
home schools, the amount of information to teach Christian dogma can be
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overwhelming. The Creation Story told in the first two chapters of Genesis 1:27
(Revised Standard Version) proclaims "God created man in his own image." The
website ChristianA.nswers.Net (2003a) publishes the Creation Story for Sunday
schools, pre-schools and home schools to share with young students. Additionally,
this sight provides a long list of books for parents to be sure that students will reject
evolution when it is presented to them. One such resource, "The lliustrated Origins
Answer Book" by P. S. Taylor is heralded as "one of the best selling creation books
of all times ... [with] the all-time best summary of evidence against Evolution"
(ChristianAnswers.Net, 2003b, paragraph 1). Science textbooks such as "Science and
the Bible" by D. DeYoung supposedly combine the truths of the scripture with
scientific principles encouraging a true appreciation of God's power as the one and
only Creator (ChristianAnswers.Net, 2003c; Institute for Creation Research, 2003).
This site also provides methods to begin the ministry against evolution at an early age
by prompting the teaching of dinosaurs to teach Creationism.

In addition to books, this site also publishes witty rhymes promoting negative
thinking toward evolution: "A is for Adam; God made him from dust. He wasn't a
monkey, he looked just like us. Although some scientists don't think it was so, It was
God who was there, and He ought to know" (ChristianAnswers.Net, 2003d,
paragraph 1). An explanation for parents to teach students states the evidence
supporting that we were made by God is that when we die, we return to dust rather
than an "ape-like creature" (ChristianAnswers.Net, 2003d, paragraph 4).
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Studies have demonstrated that students suffer in science classes since they
lack an understanding ofboth evolution and the true nature of science due to all the
misinformation and politics mentioned above. Upon surveying college students about
their beliefs, Allchin' s (1999) data demonstrated as many as 90% of classroom
populations strongly doubted evolution. Findley, Lindsey and Watts (2001) have
found a correlation between religious beliefs and attitudes and a non-acceptance of
evolution. These students nearly all question the validity of evolution or completely
reject it (Moore, 2002). These students tend to reject the idea that new species
originate from previously existing species (Downie & Barron, 2000) which
demonstrates the interrelatedness of major scientific knowledge. These students tend

to drop biology courses more often and end up with lower grades in the classes when
they do not (McKeachie, Lin, & Strayer, 2002). Further studies have demonstrated
that these students tend to memorize the information as facts and critically think
about the information less (McKeachie, Lin, & Strayer, 2002). At the end of tests,
these students often write clarifying remarks such as, "Of course I don't believe any
of this. I believe in the Bible" (Eve & Harrold, 1986, p. 397). Conversely,
McKeachie, Lin and Strayer (2002) discovered that those students who did accept
evolution because of an analysis of the evidence demonstrated higher motivation and
employed good learning strategies to succeed in the class.
Eve and Harrold (1986) studied 409 first year college students at the
University of Texas in Arlington to determine if preconceived ideas of creationism
did affect student learning. The study was performed mainly on anthropology majors

Effects Of Theistic Beliefs 23
whose main focus is the study of evolution. While the existing evidence points to a
world approximately 4. 6 billion years old, 45% of those responding either did not
believe this or held serious doubt about the age of the Earth. While the fossil record
demonstrates a clear pattern of connectedness to a link between apes and humans,
62% believed that God created Adam and Eve as the first humans. The fossil record
clearly demonstrates that dinosaurs and humans never coexisted, however, 41%
believe that dinosaurs and man had to coexist because 41% believed in the Bible as
the literal truth of creation in which God created all the organisms in one week.
Additionally, 48% believed creationism should be taught in public school science
classrooms (Eve & Harrold, 1986).
The study performed by Findley, Lindsey and Watts (2001) also found that a
large number of students, nearly 74% of those in the study, believed that creationism
should be a part of the high school biology curriculum. However, an interesting side
note to this experiment was the percent responding to whether an individual's
acceptance level of evolution was affected by the classroom experience. 600/o
answered no (Findley, Lindsey & Watts, 2001 ). In a similar study, Eve and Harrold
( 1986) concluded that creationists are very resistant to change because creationism is
more than a belief, it is an individual's life-style and way of making sense of the
world. These individuals will persist in their beliefs regardless of the quantity or
quality of evidence presented before them (Eve & Harrold, 1986). This study also
demonstrated that due to the socialization of individuals at an early age in Sunday
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schools, pre-schools, home schools, students will resist changing their beliefs (Eve &
Harrold, 1986).
Downie and Barron (2000) supported these findings at the University of
Glasgow with a study that also demonstrated a close correlation between religious
belief and the rejection of evolutionary theory. The most common reasons for
dismissing evolutionary theory was the contradiction of a literal account of the first
two chapters in Genesis. These students were sure that the evidence for evolution

was poor even when they had never previously studied evolution. They also
proclaimed that no amount of evidence could ever persuade them otherwise (Downie

& Barron, 2000). John A. Moore (2000) also notes that when evolutionary theory is
taught to younger children who begin to think critically about the evidence and
information supporting evolution, parents often become the problem by squelching
questions and reiterating religious dogma.
To solve these problems, organizations like American Association for the
Advancement of Science (1993) and the National Research Council (1996) call for a
change in the way that biology is taught in the classrooms. This change requires that
biology now focus on teaching science as a way of knowing, a process that leads us to
knowledge (AAAS, 1993; Alles, 2001; Moore, J., 2000; Nickels, Nelson, Beard,
1996; NRC, 1996). The focus needs to build critical thinkers who base judgments on
evidence rather than preconceived personal beliefs (Downie & Barron, 2000; Eve &
Harrold, 1986; Moshman, 1985). Students must be taught that there is a significant
difference in ''what constitutes acceptable evidence" for creating narrative
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explanations (Moore, J., 2000, 37; Moshman, 1985; Nickels, Nelson & Beard).
While this will help students to examine presented information and evidence,
evolution must also become a major organizing theme for all biology courses to
explicitly demonstrate the relatedness between all fields of biology (Alles, 2001;
Dobzhansky, 1973; Nickels, Nelson & Beard, 1996).
Other scientists call for science teachers to not ignore creationist beliefs
students hold (Findley, Lindsey & Watts, 2001; Moshman, 1985). The reasoning
behind this is that evolution may appear to be in direct conflict with the Bible (Moore,

J., 2000). However, E. C. Scott (2001) points out that science has no opinion of the
existence of a supernatural world or in a supernatural being such as God because
there is no way to test this since science restricts itself to explaining the natural world
using natural causes. Therefore, only the fact that religion holds a different system of
accepting evidence and developing knowledge should be discussed (Moore, J., 2000).
This discussion should conclude with students understanding that science develops
the most credible and well supported knowledge based on the available evidence that
leads to further prediction about what additional evidence will be discovered in time
(AAAS, 1993; Alles, 2001; Bybee, 2002; Dobzhansky, 1973; Eve & Harrold, 1986;
Mayr, 2000; 2001; Moshman, 1985; NAS, 1998; NRC, 1996; Zimmer, 2001).
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Chapter 3 Methodology
Participants
All students enrolled in two high school International Baccalaureate/
Advanced Placement Biology classes at a public high school in Southern California
were invited to participate in this study as they learned about evolutionary theory.
Course outlines from the International Baccalaureate (lBO, 2001) and Advanced
Placement (College Board, 2001) syllabi for Biology formed the foundation of the
unit taught in these classes. 30 of the 47 students enrolled in these classes agreed to
take part in the study.

Pre- and post-unit surveys
Prior to the unit's implementation, participating students answered pre-unit
survey questions to begin the research study. These questions attempted to formulate
a baseline and understanding of students' background knowledge and preconceptions
about creationism and evolution.
Upon completion of the unit and end of unit exam, a post-survey was
completed by all participants. The addition of open-ended questions to the final
survey helped to determine information about the students' experiences during the
unit and possible perspective shifts about creationism and/or evolution.
Three different forms of both the pre-unit and post-unit surveys existed to
randomize questions. This was one attempt to reduce the possibility of students
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answering questions due to patterns that may unintentionally exist in the surveys (see
appendix A for example A of the survey).
Roundtable discussions
Nine of the participating students agreed to take part in a series of three

roundtable discussions throughout the unit to share their perceptions on their learning
experience and their learning process. Four students were selected to participate due
to their stronger creationist influences, 8 one student due to a survey score reflecting
evolutionist tendencies, and four students who answered survey questions with a
more moderate point of view. From these nine students, two separate roundtable
discussion groups were formed consisting of two students with strong creationist
beliefs and two to three individuals with moderate to evolutionist views. Questions
asked at the roundtable sessions consisted of pre-planned questions (see Appendix B),
questions influenced by student comments during the discussion and fieldnotes
resulting from classroom observations of students, their learning process and their
attitudes during the unit.
Examination questions
Another component to the study was the extent to which students learned

evolutionary theory. The examination at the end of the evolution consisted of a series
of questions to determine student understanding of evolutionary concepts. Questions

8

Extent of creationist beliefs was determined by pre-unit survey. A score of eight or lower out of a
possible 22 points on nine total questions indicated strong creationist beliefs because this indicates the
majority of questions were answered with strict creationist answers.
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were based on curriculum guides published by the International Baccalaureate
Organization (2001) and the College Board (2001). Questions also reflected the
National Science Education Standards created by the National Research Council
( 1996) and the Benchmarks for Scientific Literacy created by the American
Association for the Advancement of Science (1993). These test questions consisted
of both multiple choice and written response questions, to ensure an opportunity for
students to voice knowledge gained through the unit. Analysis of scores will then be
described in the Data Collection and Analysis sections.

Data Collection and Analysis
Qualitative and quantitative methods were used to gather data. While the use
of both types of data gathering techniques does not guarantee unbiased results, it was
my hope that using a combination of strategies removed as much of my personal bias
as possible. Research data included:
•

field notes

•

surveys

•

roundtable discussions

•

test answer responses and scores

Questions from the pre-unit surveys served as the basis for determining the
preconceived level of bias towards creationism and evolution that students have upon
entering the study. Scores calculated from student responses were mapped to a
continuum to determine the initial grouping of students as either creationists or
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evolutionists. To explain score calculations, the following question from appendix A
served as an example:
9.

The Bible's account of creation:
a

Is the literal truth of early Earth.

b.

Is true but cannot be interpreted literally.

c.

Is supported by more evidence than evolution theory, but
which is true is not yet definite.

d.

Is compatible with the theory of evolution if the Bible is
interpreted properly.

e.

Is not correct. Evolution is correct.

Each answer reflects varying points of view with regards to life's origin. The answer

a reflects a point of view strongly biased by a literal interpretation of the Bible's
explanation of the origin of life. A response reflecting this belief on any multiplechoice question received a score of zero. On the opposite side of the continuum are
answers that reflected responses biased by the belief of evolution (e.g., choice e). E
answers received four points to represent the opposite side of the continuum.
Answers between the ends of the continuum reflected varying attempts to reconcile
creationist and evolutionist points of view. Choices closer to a reflected stronger
creationist influences while answers closer to e reflected stronger evolutionist biases.
Therefore, to reflect students' preconceived ideas, choice b was assigned one point,
response c was assigned two points and answer d was assigned 3 points.
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Open-ended questions were also coded. Responses with creationist biases
received zero points while evolutionist responses received one point. No attempt to
determine whether students tried to reconcile the two beliefs was made to remove my
personal biases.
Students were placed on the continuum of preconceived beliefs based on the
sum of their scores. A score of zero reflected those who were staunch creationists
while 22 points reflected those who were strict evolutionists. Students who scored
below eight points were initially grouped as creationists. Students with a score of
eight to sixteen points were grouped as moderates; they were seen as trying to
reconcile two or more points of view. All students with scores above sixteen were
grouped as evolutionists.
All qualitative data were examined to gain insight into the research questions.
Responses were coded after students recorded their responses.
Additionally, quantitative analyses of data were performed. To measure the
potential effect of this research, the following were executed:
1. Final exam scores and student beliefs were compared and correlated.
2. Final exam scores and student beliefs on specific pre-unit and post-unit
survey questions were compared to determine if specific beliefs affected
performance on unit exam scores.
3. Correlation analysis using Spearman's rho calculations were performed
between individual test responses and overall unit exam scores to
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determine if an understanding on theistically controversial concepts had
influenced performance on the unit exam score.
4. Crosstabulation calculations were performed between individual student
beliefs and specific test responses to determine if personal beliefs were
influenced by student exam responses.
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Chapter 4 Findings
The purpose of the study was to determine the extent to which theistic beliefs
affected student learning. A measurement of preconceived ideas was established
from the pre-unit survey responses that students completed on the first day of the
evolution unit. Nine of the 30 participants (30%) scored below an eight on the preunit survey questions; this indicated that they viewed the world through a creationist
perspective. 15 of the 30 participants (50%) scored between nine and 16 on the preunit survey; this indicated that they viewed the world through moderate creationist
views or were already trying to reconcile evolution with a creationist perspective. Six
out of30 participants (20%) scored above 16 on the pre-unit survey; this indicated
that they viewed the world through a perspective supporting evolution. Thus, 80% of
the students' responses supported Allchin's (1999) assertion that the vast majority of
students could have serious doubts about evolution. It is this researcher's belief that
it is this initial perspective that may interfere with students understanding evolution.
At the conclusion of the six week unit, the same survey was administered to
determine if student learning was affected by the teaching of evolution. At the end of
the unit three of30 students (10%) scored below eight on the survey, 22 of30
students (73%) scored between nine and 16 on the survey, while five of30 students
(17%) scored between 17 and 22 on the survey. While the number of students that
went from strict creationist views, scores from zero to eight significantly dropped, the
overall percentage of students who answered the survey questions with a creationist
perspective increased by one student. Three students who initially scored in the
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evolutionist group scored lower in the post-survey while two students' scores raised
from a moderate level to the evolutionist level.

Table 4.1: A comparison of student survey scores indicating belief in
creationism/evolution before starting the unit and after completing the unit on
evolutionary theory.
Student identification
categories
(survey score range)
Creationists (0-8)
Moderates (9-16)
Evolutionists (17-22)

% of students
scoring in range
for pre-survey
questions
30
50
20

% of students
scoring in range
for post-survey
questions
10

73
17

Overall, there was a significant shift to a more moderate outlook on evolution.
11 of the 30 students had increased their scores by four or more points out of a
possible 22 on the survey questions. In each case, the scores reflected students
shifting answers in the multiple choice sections to selections that represented a more
evolutionist point of view. However, in each case, very few if any answers reflected
complete belief in evolution. Instead, all answers still reflected some doubt about
evolution. In fact, according to the fmal numbers of the survey, 83% of participating
students still doubted evolution in many ways.
Insight into student doubt was measured qualitatively through written
responses as well as with nine students in roundtable discussions. Most noteworthy is
the observation that 24 of 30 participants wrote in the post-survey responses that they
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believed that the unit on evolutionary theory made no impact on their beliefs.
Through the discussion groups, it became evident that three major reasons interfered
with their ability to understand and incorporate evolutionary knowledge into their
own belief system. Identified obstacles to student learning include:
•

a lack of relevant personal schema to build upon

•

a lack of understanding about the nature of science

•

a decision by students to ignore evidence that supports evolution
because their religious beliefs are contradicted.

Lack ofrelevant personal schema
Inquiries regarding students' prior knowledge about evolution concepts
underscored an impoverished experience in this biological theme: "I didn't even
know there was something called evolution until I reached middle school." A second
student echoed, "I was never exposed to evolution at all. I had no idea what it was."
Three of the nine students indicated that their first exposure with this concept did not
come within the context of science but occurred within a church setting and/or with
their parents. Only one student had previously discussed evolution during an Earth
Science class offered to students. It is important to note that there was no discussion
ofbiological evolution, only ways in which the earth's geography has changed.
Due to the lack of knowledge related to evolution, the information and
activities in the unit exposed misunderstandings about the theory of evolution and the
process of natural selection. One student mentioned that her early experiences
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learning about the Bible and creationism bad convinced her that humans were unique
and not shared with other organisms. By studying DNA similarities in gorillas,
chimpanzees and humans, Ridley (1996) revealed that 990/o ofthe DNA in all ofthese
organisms is identical. Three of the students commented on their initial disbelief and
all mentioned that this evidence impacted their thinking.
A second student described his belief that evolution could not be true: "I used
to think that evolution makes absolutely no sense because monkeys still live and if we
came from monkeys then they shouldn't be here." Mayr (2001) points out this
common misconception. Most of society believes that for evolution to be supported,
there must be evidence of a linear progression of organisms. For example, the fossil
record must show that monkeys gave rise to chimpanzees. Following this thinking,
all monkeys must have become chimpanzees so there must no longer be any
monkeys. Chimpanzees must have then become humans so there must not be any
chimpanzees remaining. This misrepresentation was again shared by everyone within
the roundtable discussion groups. One student mentioned that he had even learned
this by researching evolution on a website promoting creationism. The lack of
background information plus the misinformation provided by creationists misled
students in their understanding of evolution. After studying examples of whale and
human speciation, students analyzed their misunderstandings and created a new and
more accurate picture of the evolutionary process. Small groups of a population lead
to the new forms and behaviors that result in new species. "The [linear model]
doesn't make any sense now that I'm in the class and I better understand."
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Students involved in the roundtable discussion groups admitted sincere
feelings of being overwhelmed by this information. One student admitted that
''throughout the [unit] I had difficulty ... simply because it was so beyond my
understanding." When asked more about what she did to help herself learn, she
replied, "I just tuned out." Many other students echoed these sentiments as they
commented, "1bis was one of the most difficult units. I felt bored because my beliefs
told me that none of this applied to me." Another student voiced that it was
impossible to really grasp evolution since she hasn't "experienced one celled
organisms building into humans. 1bis makes it difficult for me to even think about
because ... it doesn't seem concrete." Without prior understandings to anchor this
new evolution related knowledge, students chose to miss or ignore information rather
than try to ask questions to assist in their understanding.
To alleviate the feeling of inadequacy, students often tried to reconcile the
contradictions by meshing the ideas of evolution and religion:
I believed God backed everything. So I was afraid to believe
evolution. Now I'm trying to see how the two could go together to see
what does and doesn't support the creation story. Why do they have to
be two completely separate ideas?
Another student believed that the study of evolutionary theory would be much easier
if she could "link [the formation of new species] to my religion." A third student
noted that "if the Bible is not translated literally then the creation story ... goes along
with what evolution has to say." A fourth student noted that he just tried to "figure
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out how everything that was being taught supported creationism." Yet another
student pointed out that ''the creation story is extremely vague [when discussing what
happened prior to the creation of] Homo sapiens. It's possible that God started small
before he got to us."
Due to the lack of scientific knowledge, the students relied upon familiar ideas
to build new understanding. Unfortunately, conflicts lead to further
misunderstandings. "Some of the facts are evidence for a common creator while
other 'so called facts' require leaps of faith to believe it is due to evolution." It
becomes clear that students begin to rely more on their personal beliefs to organize
the information rather than on the process of science.

Lack of understanding about the nature ofscience
Science is a discipline that teaches students a unique way of learning about the
world. Science relies upon empirical data, logical argument, specific rules of
evidence, skepticism and testable explanations to lead scientists to create accurate
predictions to further the knowledge base (Pasquale, 2003; National Academy of
Sciences, 1998). Science searches for natural explanations to the universe through
observations or testable mechanisms (Rennie, 2002; Zimmer, 2001). Scientists
attempt to repeat experiences to tonfirm past findings (NAS, 1998). This process
allows for checks on a scientist's subjectivity. The best evidence for any explanation
comes from two or more experiments providing identical results (Jones, 2000). If the
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explanation does not consistently stand against the discovered evidence, it is
dismissed (Cooper, 2002).
As noted previously, most of the students involved in the roundtable
discussion groups mentioned that they were trying to link the facts or observations to
their religion. They were trying to see what fit and what did not fit to support their
own personal beliefs. The nature of science works in an opposite manner. At no
point does subjective belief play a role in determining what is or is not scientifically
valid. A scientist must observe the evidence to determine if it fits the narrative. If it
does, the evidence supports what is already known. But if it does not, the narrative
must be changed. The students participating in this study never consciously allowed
their personal beliefs to change.
"[If] evolution is what you want to believe, then you will find facts that
support it." This student completely misses the fact that scientists do not go out into
the field with the intent of only fmding evidence that will agree or disagree with their
beliefs. Instead scientists examine the available existing evidence to form inferences
about the natural world.
One student shared, "Evolution is just a theory and it's not supported." This
quote provides additional evidence that the students are not familiar with the nature of
science. J. A. Moore (2000) points out that all scientific theories are accurate
representative statements made from an accumulation of testable and confirmable
available evidence. When a student reports that evolution "is just a theory," then it
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becomes clear that the student is ignoring well documented evidence and relying
upon personal belief to make final decisions about the validity of scientific narratives.
This lack in understanding of the nature of science is further represented by
statements made by the two students scoring lowest on the pre- and post-survey
questions. These students "choose to have faith in creation and God rather than
evolution." The second student notes:
I didn't learn of any groundbreaking, irrefutable evidence that proved
evolution was definitely more accurate than creation. Without the
feeling that there was some information out there that all people who
believed in evolution knew about, I felt more confident in believing
creation.
The first student added, "It is so hard to believe because (evolution] cannot be
directly observed. I am not sure, but I think to change my beliefs I would have to
witness [evolution] first hand."
A student with more moderate beliefs expanded on these comments when he
said, "I think I would have to see it, too. Or at least see some compelling evidence
with no loopholes that can't be argued with to fully convince me and the world."
These comments reconfirm students' subjective beliefs guide their decision making
process.
What I find most ironic concerning students' disbelief in the existence of
evolution is that they have never seen God or "compelling evidence with no
loopholes" proving God's existence, yet they unhesitatingly proclaim their
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unwavering belief in God. For example, students have never seen a bacteria or virus
cause them to be sick but they unhesitatingly affirm that microorganisms are disease
causing agents even though the Bible says ailments are caused by demons and spirits.
Students believe in atoms even though not one piece of scientific equipment is
capable of visually detecting anything that small. From this point of view, only an
individual's schema could influence whether a person "chooses to believe" in
creation or evolution.
The idea of "choosing" creation over evolution led students to also wonder
why evolution was taught without comparing it to creationism. "If you're going to
teach something controversial you need to teach both sides of it" While there is no
scientific evidence regarding the existence of a god, it is also important to note that
creationism is a belief The supernatural cannot be put to a scientific test; this speaks
to students' misunderstanding of the true nature of science.
The theory of natural selection posed the greatest challenge to the participants.
For those more moderate in their beliefs, it was clear that they believed God directed
evolution to create humans. What these students could not grasp was that natural
selection is an undirected process. Whatever adaptations are best suited to the
environment provides the organisms an advantage to survive, breed and produce more
offspring with that adaptation.
"But that makes it sound as if this progression is all kind of an accident. I
think it loses its credibility when it's just all these accidents." This student asked how
everything that we were taught supported his beliefs. Since he believed that God
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purposely created humans, the idea of the environment and genes interacting in an
undirected manner could not be reconciled. The result was an inability to accept any
evidence offered as being true. "Because of my beliefs, I know the world we live in
is planned." I believe this students' beliefs will result in serious misinterpretations.
Deciding to dismiss or ignore iriformation due to religious beliefs
This last example leads to a third method that students utilize to prevent them

from understanding evolution: they choose not to learn about evolution. "God
created me. I was supposed to be here." "I believe in the Bible's book of Genesis
and its account of creation." These students blindly follow the Christian dogma of
the creation story that God created all living things as they are. Since students accept
this literal viewpoint, they respond to anything contradicting their beliefs as
information that is not true and, therefore, cannot be accepted: "My faith in God and
creation is so strong that I did not even want to listen to evolutionary ideas because no
matter what, I was not going to be convinced that evolution would have any merit."
Students recognized that their prior knowledge influenced their ability to learn
evolution when they tried to connect prior knowledge and evolutionary theory.
"Creationism is backed by the Bible. I was taught through Sunday school and by my
parents that this was so. If I ever learned about evolutio~ it was only to hear that it
was wrong." This student with a pre- and post-survey score of 14, mentioned that
while everything she learned was interesting to her and the "fact that there are
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millions of pieces of evidence" strengthens the argument for evolution, she knows
that she never "completely abandoned all of [her] beliefs in just a matter of weeks."
For those students with the lowest pre-unit survey scores, the tone is quite
different:
Student 1: It's hard to internalize this information. You believe one thing but
there are these aspects that you know your teacher wants you to
answer on an exam. You don't believe in these ideas and you
don't think they are right.
Student 2: I already decided that if there was a question on the test that asked
me to answer in a way that I didn't believe, I'm just gonna
basically give you what you want. I'll write down the information
that will give me a good grade even ifl don't believe it.
These students made it clear that they learned information for the purpose of
academic grades and not to incorporate it in their everyday knowledge. According to
these students, it is the word of the Bible that determines whether or not they may
believe anything:
Student 2: The Bible clearly says that God created man, not a
unicellular organism that evolved into Adam and Eve. The
Bible states that God created everything in the heavens and

the Earth. It doesn't claim that he created one organism
that evolved. I do not subscribe to [evolution] because I
have found no reason in the Bible that supports this theory.
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Additionally, because the Christian dogma has been ingrained into students'
personal views of the world, no amount of evidence will ever change their point of
view: "I would need some tremendous evidence to change my mind, such as
witnessing for myself the transformation from early hominid to modem man." Since
this process has taken nearly 7,000,000 (7 million) years, nothing short of a miracle
would influence this student's belief system.
In many cases, these students have been exposed to between 15 and 17 years
of Christian dogma. A few weeks of evolution cannot possibly affect them so deeply
that students throw away their entire schema oflife. However, the few weeks of
evolution did provide these students with information that drastically altered their
view of the world. Student 1 writes:
As a result of the study of evolution, there has been no change in my
beliefs, however, I do think the way I look at the world has changed.
Growing up in a Christian household, it never really occurred to me
that people believe in evolution. But now I understand that people do
believe in evolution and why they believe in it.
In the first interview, this student mentioned that there simply was not enough
evidence to support any aspect of evolution. However, after a period of three weeks,
he stated, "I agree with microevolution. 9 There is nothing to really disprove that."

9

Microevolution is the word that describes how populations of organisms shift in appearance after
many generations. The example of the spotted moth discussed in Chapter I (p. 4) is an example of
microevolution. Due to a change in the environmental conditions, the frequency of light colored moths
dropped while the frequency of the dark colored moths increased.
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While all the qualitative data seem to indicate that students will not accept evolution,
they also suggests that teaching evolution to students does make a difference.

Teaching evolution makes an impact on student beliefs
Additional evidence supporting this point of view can be found in an
examination of responses of differences between pre-unit and post-unit survey
questions. 19 of the 30 participants answered the post-unit survey questions in a
manner that reflected a more evolutionist point of view since answering the pre-unit
survey. Of the 19 students, seven (37%) recorded an increase of :five points. The
largest difference in a survey score changed from a seven indicating a creationist
perspective to a 16 indicating that nearly every answer reflected a stronger
evolutionist perspective of the world by the unit's conclusion. In particular, 32% of
the students changed three or four answers to reflect a greater belief in evolution.
Only five of the 30 participants' scores reflected stronger creationist beliefs after
participating in the evolution unit based on answers from the pre-unit to post-unit
survey.
Table 4.2 suggests that those students (n=7) whose beliefs changed to reflect a
more evolutionist perspective between the beginning of the unit and the end of the
unit may have had a greater chance for success on the exam. Additionally, those
individuals (n=S) whose survey scores did not change over time also had a high
chance of success. A possible explanation of this statistic could be that these
individuals have a better understanding of the nature of science and realize that
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evolutionary theory neither speaks to, nor conflicts with their religious beliefs. In
direct contrast, those students (n=2) whose survey answers reflected a more
creationist perspective with a decrease of three or more points from the pre-unit to
post-unit were more likely to perform poorly on an examination of evolutionary
theory. In fact, these individuals scored nearly 19 points on average lower than
students whose scores on the post-unit survey increased by five or more points.

Table 4.2: Data on the effect of students' survey score change from the pre-unit to
post-unit survey and its effects on mean score on the unit exam

Change in Pre-Unit
to Post-Unit
Survey Scores
Increase of 5+
Increase of 3-4
Increase of 1-2
No difference
Decrease of 1-2
Decrease of 3+

n=

7
6
6
5
3
2

Sum of
Evolution Unit
Exam % Scores
559.1
409.0
395.2
399.0
205.0
121.7

Mean % Score on
Evolution Unit
Exam
79.8
68.2
65.9
79.8 1U
68.3
60.9

It is possible that students whose survey scores most significantly increased were

most accepting of the information; it was easier for them to accept and incorporate
evolutionist concepts into their belief system and, therefore, answer questions on
evolution with more success. In comparison, those students whose scores most
significantly decreased may have rejected some or all of the presented evidence; this

10

Data for the "No difference" row does not include the class's top student whose score significantly
skews the data. Therefore, only 29 scores are reflected in Table 4.2.
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may have resulted in students who had much more difficulty incorporating the
information into their belief systems, and therefore, reporting the information on an
exam.
Table 4.3 (a) and (b) supports and strengthens these observations. Statistical
analysis 11 made comparing student beliefs about the theory of evolution 12 and final
exam scores 13 demonstrate that students with stronger reservations about evolution
scored significantly lower on the exam (ANOVA sig=0.003). Students who answered
that they believed evolution did not have enough evidence to be proven (N=9) had a
mean score of67.4. Students who answered that they believed there was clear
evidence that evolution was relevant to all organisms on Earth (N=16) had a mean
score of 84.1. The difference in belief led to a difference of 16.7 points, or a score
equivalent to a grade and a half lower on the exam for students with reservations
about evolution. Interestingly, students who proclaimed at the end of the unit that
they believed evolution to be a fact (N=5) scored nearly 2 points lower on average

than those who do not support the existence of evolution. I believe that these students
received lower scores partly because of their blind acceptance rather than true
cognition of the theory of evolution.

11

All quantitative analysis performed in this study may be impacted by the small sample size (N=30).
While significant findings resulted from this study, repeating this study with a larger sample size is
necessary to determine whether these findings truly are significant.
12
Question 8 of form A on the post-unit survey.
13
Exam scores are recorded in percent of multiple choice and essay questions answered correctly.

Table 4.3(a): Student mean unit exam scores dependent upon beliefs about the theory of evolution
Final Combined Score

Mean
67.422

Std.
Deviation
11 .7661

16

84.106

12.0677

5

65.520

15.5770

30

76.003

15.0003

2.7387

N
Evolution not yet Proven

9

Evolution Supported for all Organisms
Evolution is a Fact
Total
Model

Fixed Effects

12.5647

Random Effects

Std.
Error
3.9220

Lower Bound
56.378

Upper Bound
76.466

Minimum
46.7

Maximum
86.7

3.0169

77.676

90.537

61.7

105.0

6.9662

46.179

84.861

51.7

90.0

70.402

81.605

46.7

105.0

2.2940

71.296

80.710

6.9951

45.906

106.101

Table 4.3(b): ANOVA significance table based upon beliefs about the
theory of evolution
Final Combined Score
Sum of
Squares
Between Groups
Within Groups
Total

2262.737
4262.533
6525.270

Mean Square

df

2
27
29

1131.368
157.872

F

7.166

95% Confidence Interval for
Mean

Sig.

.003

BetweenComponent
Variance

108.5684

Effects Of Theistic Beliefs 48

Table 4.4 Correlation between answer of clay's role in life's origin and
student mean unit exam scores

Spearman's rho

Final Combined Score

Clay's Possible Role
in Life's Origins

Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N

Final
Combined
Score
1.000
30
.484*
.008
29

Clay's
Possible
Role in Life's
Origins
.484*
.008
29
1.000
29

"*. Correlation is significant at the 0.01 level (2-tailed).

Table 4.4 contains further statistics that support the idea that personal beliefs
may influence student understanding. Analysis of test questions examining the
understanding of possible origins of life yield significant results. Spearman's rho
calculations find a correlation between the choice of answers to the question and
overall student performance on the unit exam (Correlation Coefficient= .484
significant at the O.Ollevel; Sig = 0.008). Table 4.5(a) and (b) illustrate that students
who answered with the correct response scored nearly 13 points higher on average
(82.9%) than students responding incorrectly (70.0%; ANOVA sig = 0.021 ). While
other factors could influence this change in score, preliminary statistical trends
demonstrate that acceptance of evolution into a student's belief system may be
influential.

Table 4.5(a): Student mean unit exam scores dependent upon answers in regards to an understanding ofthe role of
clay in the synthesis of amino acid chains
Final Combined Score
95% Confidence Interval for
Mean

Std.
Error
3.3000

Lower Bound
26.070

Upper Bound
111.930

Minimum
66.7

Maximum
73.3

Absorbs Energy (Only)

N
2

Mean
70.000

Std.
Deviation
4 .6669

Metal Ions Initiate Process (Only)

10

66.340

13.0918

4.1400

56.975

77.705

51.7

90.0

17

62.941

12.8078

3.1063

76.356

89.526

57.5

105.0

29

77.014

14.1867

2.6348

71.617

82.411

51 .7

105.0

12.6931

2.3570

72.169

81.859

6.2936

49.934

104.093

Amino Acids Bond, Absorbs Energy, Ions Initiate Proces
Total
Model

Fixed Effects
Random Effects

Table 4.5(b): ANOV A significance table based upon answers in
regards to an understanding of the role of clay in the synthesis
of amino acid chains
Final Combined Score
Sum of
Squares
Between Groups
Within Groups
Total

1448.009
4188.965
5636.974

df

Mean Square

2
26
28

724.005
161 .114

F

4.494

Sig.

.021

BetweenComponent
Variance

72.6742
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Table 4.6: Crosstabulation of clay's role in life's origins and students'
beliefs about the theory of evolution

Belief About
Theory of
Evolution

Total

Evolution not yet Proven

Count
% within Clay's Possible
Role in life's Origins

Evolution Supported for
all Organisms

Count
% within Clay's Possible
Role in life's Origins

Evolution is a Fact

Count
% within Clay's Possible
Role in life's Origins
Count
% within Clay's Possible
Role in life's Origins

Clav's Possible Role in life's OriQins
Amino Acids
Bond,
Metal Ions
Absorbs
Initiate
Energy, Ions
Initiate
Absorbs
Process
(Only)
Energy (Only)
Process
1
3
4

Total

8

50.0%

30.0%

23.5%

27.6%

1

3

12

16

50.0%

30.0%

70.6%

55.2%

0

4

1

5

.0%

40.0%

5.9%

17.2%

2

10

17

29

100.0%

100.0%

100.0%

100.0%

Crosstabulation calculations in Table 4.6 illustrate that a greater number of
students who accept evolution responded correctly 14 (12 of 17; 70.6%) to questions
focusing on possible origins of life. It appears these numbers support the prediction
that if students accept evolution into their belief systems they will better understand
key concepts and ideas, and therefore, perform better on exams.
Additional examination of students' responses on two survey questions
demonstrated trends that may prove significant with a larger number of participants.
These particular questions examined two ideas that creationists use to challenge

14

The correct answer to the example in Table 4.6 is the column entitled "Amino Acids Bond, Absorbs
Energy, Ions Initiate Process."

Table 4.7(a): Student mean unit exam scores dependent upon beliefs of the Earth's age
Final Combined Score

Std.
Deviation

Lower Bound

Upper Bound

Minimum
90.0

Maximu
m
90.0

57.657

90.943

51 .7

105.0

5.7871

51 .124

80.876

46.7

87.5

3.2603

72.676

86.574

53.3

98.3

2.7387

70.402

81.605

46 .7

105.0

N
1

Mean
90.000

7

74.300

17.9955

6.8016

6
16

66.000

14.1753

4.5 Billion Years Old

79.625

13.0411

Total

30

76.003

15.0003

Just Over 6000 Years Old
Between 6000 and 4.5 Billion Years Old
Do Not Know Earth's Age

Fixed Effects

Model

14.5428

Random Effects

95% Confidence Interval for
Mean

Std.
Error

2.6551

70.546

81.461

3.8805

63.654

88.353

Table 4. 7(b): ANOVA significance table based upon student unit
exam mean scores dependent upon beliefs of the Earth's age
Final Combined Score
Sum of
SQuares
Between Groups
Within Groups
Total

1026.480
5498.790
6525.270

Mean Square

df

3
26
29

342.160
211.492

F

1.618

Sig.

.209

BetweenComponent
Variance

21.0755

Table 4.8(a): Student mean unit exam scores dependent upon beliefs of the coexistence of dinosaurs and humans
Final Combined Score

N
They Did Coexist

3

Do Not Know if Coexisted
They Did Not Coexist
Total

Mean
71.133

Std.
Error
11.0599

Within Groups
Total

df

Maximum
90.0

10.9885

4.1532

59.480

79.805

56.7

87.5

3.4556

71.727

86.193

46.7

105.0

30

76 .003

15.0003

2.7387

70.402

81.605

46.7

105.0

14.9023

2.7208

70.421

81.586

3.2155

62.168

89.838

Mean Square

2
27
29

Minimum
51.7

15.4540

Final Combined Score

529.178
5996.092
6525.270

Upper Bound
118.720

78.960

Table 4.8(b): ANOVA significance table based upon student unit
exam mean scores dependent upon beliefs of the
coexistence of dinosaurs and humans

Between Groups

Lower Bound
23.546

69.643

Random Effects

Sum of
Squares

95% Confidence Interval for
Mean

7
20
Fixed Effects

Model

Std.
Deviation
19.1563

264.589
222.077

F

1.191

Sig.

.319

BetweenComponent
Variance

5.7708
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evolutionary beliefs. The first question asked about the age of the Earth while the
second asked about the coexistence of humans and dinosaurs.
Students believing the Earth's age to be over 4.5 billion years (N=16) earned
on average 79.6% of the total points of the unit exam as shown in data table 4.7 (a)
and (b). Students who answered that they do not know the Earth's age (N=6) earned
on average 66.0% of the exam's total points. Students who believed the age of the
earth to be relatively young (N=7) earned 74.3% of the exam's total points. In Table
4.8 (a) and (b), students who believed the evolutionist perspective that dinosaurs and
humans did not coexist (N=20), earned on average 78.9% of the exam's total points
while students insisting the two did coexist (N=3) scored on average 71.1% of the
points. Finally, students who refused to commit to an answer (N=7) earned on
average 69.6% of the points. While these results are not statistically significant, I
believe the data supports that students willing to incorporate evolutionist evidence
into their personal schema are able to better understand the concepts, and therefore,
score higher on unit exams.
In both cases, students answering with an evolutionist perspective scored the
highest overall on unit exams. Specifically, when they relied on a more creationist
perspective they scored lower. I believe those students with the lowest scores were
trying to reconcile evolutionist and creationist perspectives by not committing to one
belief or the other.
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In summary
It appears creationist beliefs affect student learning during a unit on

evolutionary theory. Some students are hindered by a lack of relevant personal
schema about evolution. Others are not capable of speaking in depth about evolution
and instead rely upon the belief system found in religion to explain the natural world
instead of accumulated scientific evidence. This lack of understanding about the true
nature of science leads to many preconceived misconceptions. Students further
confirm their beliefs on these misconceptions instead of comparing them to
accumulated scientific evidence to limit personal bias. As students delve deeper into
their studies of evolution, they try to reconcile their beliefs by fitting scientific
evidence into their belief system and discard evidence they find contradictory.
Students further believe that their perceptions of the natural world are not affected by
studying evolutionary theory, however, survey scores clearly indicated that 63% of
the students responded with a greater evolutionist bias at the conclusion of the study.
Additionally, unit exam scores for students were highest when students studied
evolution and incorporated the evidence into their belief system. The lowest recorded
scores recorded by students were those that rejected and refused to incorporate the
evidence into their belief system due to perceived contradictions between the
evidence and their personal beliefs.
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Chapter 5 Recommendations
Enhancing the research
It was the original intent of this study to determine if students did internalize
the evidence of evolution within their belief system or if they had only memorized the
information to perform well on the exam. Due to unanticipated factors in the research
process and the school year, the evolution unit ended two weeks prior to the end of
the school year. Students taking a second evolution exam exhibited little to no
difference in their multiple choice or free response answers. However, retesting
students after summer break may demonstrate scores with more meaning to this
research. Future research projects should examine whether the information learned in
the evolutionary theory unit had been learned for the short term or internalized as part
of the students' belief systems.
Due to the small sample size of this research, much doubt lingers in the mind
of this researcher. However, strong evidence exists to support the idea that students
with strong creationist beliefs entering a classroom that studies evolution may have a
difficult time unless accepting the evidence for evolution. To further support the
findings of this research, additional statistics need to be collected.
To further enhance this study, an analysis of this procedure exposes a serious
flaw that may have biased the results. The survey questions (see Appendix A) often
provided answers that did not accurately reflect the beliefs of the students. These
questions often did not take the nature of science into account. For students who
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understood that beliefs and scientific evidence are different, there was no choice
available to reflect this understanding. Returning to the example illustrated in the
Methodology section of this report:
9.

The Bible's account of creation:
a.

Is the literal truth of early Earth.

b.

Is true but cannot be interpreted literally.

c.

Is supported by more evidence than evolution theory is, but
which is true is not yet definite.

d.

Is compatible with the theory of evolution if the Bible is
interpreted properly.

e.

Is not correct. Evolution is correct.

Three students reading this question had to circle two answers because it forced them
to mesh two ideas that they had originally accepted as being separate. These students
circled choice "b" and "e" and crossed off the phrase "Is not correct" within answer
"e." An explanation from one student written to the side of this question pointed out
that she accepted the Bible as truth. She accepted the earth had been created over
billions of years but that a God had evolution as part ofHis ''plan." Therefore, in her
eyes answer "e" and answer "b" most accurately portrayed her belief. My research
did not anticipate students attempting this reconciliation.
To improve upon this, future studies should employ questioning based on a
Likert scale that simplifies the question and provides students with the opportunity to
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answer one idea at a time more accurately. An example using the above question
maybe:
To what extent do you agree with the following statement?
The Bible's account of creation is the literal truth.
1

2

3

4

Completely
Disagree

Somewhat
Disagree

Somewhat
Agree

Completely
Agree

Employing this survey form would need a greater number of questions of both
creationist and evolutionist points of view. Determining how to categorize
students based on their answers may need to be done by determining a ratio of
creationist to evolutionist answers.

Extending the research
The generation of additional questions during the research process
could lead to new research extending our knowledge on this topic. As alluded
to above, an interesting follow up to this research would be a study to
determine whether students returned to their initial beliefs or if the
incorporation of evolutionist evidence has become part of their schema. Did
students memorize the information to obtain a desired grade and write what
they believed the teacher wanted to know or internalize the information into
their knowledge base?
While most students had never studied evolution in depth prior to this
class, it was interesting to note that 63% of the participating students did
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incorporate evolutionist evidence into their schema by the end of the unit.
Most of the. students participating in this study agreed that they had no prior
experience with evolution. Therefore, without any prior relevant schema
generated over their 15-17 years of life to help these students understand
evolution, 19 ofthe 30 students recognized the validity ofthe evidence
presented in a matter of weeks. From this acceptance, these students began to
change their beliefs. If instead of only spending a four week period studying
evolution and the nature of science, an interesting experiment may be to
determine how a year long biology course using evolution and the nature of
science as a central theme could affect student beliefs.
The National Academy of Sciences (1998) issued a challenge to all
biology teachers to revise their curriculum to use evolution as the unifying
theme. As Dobzhansky (1973) elucidated, ''Nothing makes sense except in
the light of evolution." Would students with strong theistic beliefs be less
resistant to the notion of learning about evolution if it was incorporated into
the biological ideas that students already easily accept? Would this method
help students to connect major concepts and ideas together as they studied
biology? Would students perform better on exams with evolution questions
instead of being hindered by those ideas that seem contradictory to their
beliefs? The purpose of such research would be to determine if there is a
method of teaching that could help students:
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•

lower their resistance to learning about evolution

•

to better understand the natme of science

•

and to better understand the importance of evolution as a
connecting theme of biological .knowledge.
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Appendix A- Survey questions
Pre-unit survey (Form A/6
1.

Survey ID#:

2. Gender:

3.

Ethnicity:

4. Religious Background:

5.

Which of the following best matches your view of the creation oflife?
a.
Life was created by a "Creator."
b.
Life arose through the process of natural selection
c.
Other
Please describe:

6.

Please describe your understanding of the idea that life was created by a
"Creator".

7.

Please describe your understanding of the idea that life began through the
process of natural selection.

16

Male

Female

Three different forms of the survey will be produced to randomize the question order. This is one
attempt to decrease student decoding of any possible patterns that may accidentally appear in the
forms.
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8.

With respect to the theory of evolution I believeY
a.
Evolution is not true in any way.
b.
c.
d.
e.

Evolution is a scientific theory, not yet proven.
Evolution is a scientific theory supported by much evidence but does
not apply to humans.
Evolution is a scientific theory supported by much evidence for all
orgarusms.
Evolution is a fact.

9.

The Bible's account of creation: 18
a.
Is the literal truth of early Earth.
b.
Is true but cannot be interpreted literally.
c.
Is supported by more evidence than evolution theory is, but which is
true is not yet definite.
d.
Is compatible with the theory of evolution if the Bible is interpreted
properly.
e.
Is not correct. Evolution is correct.

10.

Which of these statements most closely represents your beliefs? 18
a.
I do not accept evolution as a supported theory.
b.
I do not know enough about evolution or the Bible's account of
creation to accept either as correct.
c.
I accept evolution, but I believe in the teachings of the Bible.
d.
I accept evolution as proven.

11.

With respect to creation science or "Intelligent Design", I believe:
a.
More support exists for these ideas oflife's creation than evolution.
b.
These ideas should be given equal time in the Biology classroom to
allow students to make a more informed decision about the creation of
life.
c.
I do not know enough about these ideas to make an opinion.
d.
I believe that evolution demonstrates that there is no support that these
ideas are credible scientific theories.

12.

How old is the Earth?
a.
Just over 6,000 years old.
b.
Probably somewhere between answers (a) and (d) but we will never
know.
c.
I do not know.
d.
4.5 billion years old

17

It is important to note that questions 8, 9 and 10 are based upon questions found in the article entitled
"Creationist versus Evolutionary Beliefs: Effects on Learning Biology'' (McKeachie, Lin, and Strayer,
2002).
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13.

Did dinosaurs and humans coexist in the Earth's history?
a.
Yes.
b.
I do not know.
c.
No.

14.

Describe what fossils are and how they were created.

15.

Do you believe that fossils are better evidence for the arguments of
creationism or evolution? Explain why.

16.

Where did your beliefs on the topic of the creation of life originate? Please
mark all that apply by ranking in order the choices that best fit you. (5 being
the most influential and 1 being the least influential. Note: only mark those
that apply to you.)
Church or organized religion.
Parents, grandparents, guardians, etc.
Discussions with friends or acquaintances.
Personal readings and research.
School, class discussions, t~achers, etc.
I don't know/don't remember.

17.

In your own personal opinion, explain what beliefs or perspectives fuel the
creationism and evolution debate.
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Post-unit survey
(The post-survey will include the questions from the pre-survey along with the
following questions.)

1.

How did studying the theory of evolution impact your beliefs?

2.

What concepts, ideas, or information made the largest impact upon you?
Describe the thoughts that you had upon learning this information?

3.

What learning strategies influenced your learning the most? To what extent,
if at all, did these strategies influence your beliefs?

4.

Is there anything about your experience studying the theory of evolution that
you would like to relate to your teacher?
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Appendix B - Possible roundtable discussion questions

I am anticipating (but not limiting myself to) asking the following questions
during the roundtable discussions. Additional questions that arise from the roundtable
discussion as well as trends/patterns noticed from survey questions or fieldnotes may
also be incorporated into these discussions.

•

First Roundtable: Focus on preconceived ideas that students will bring into the
evolution unit.
1. In your opinion, how did life on Earth begin? Why do you believe this
view?
2. What are your thoughts about evolution?
3. In your opinion, why is there a debate between evolutionists and
creationists?
4. What learning strategies do you anticipate may help you to examine the
data or information rather than feel threaten~ fearful, tom, conflicted?

•

Second Roundtable: Focus on how learning about evolution affects the students.
1. Has there been any information covered in class that has caused internal
conflict/feeling/thoughts? If so, tell what that information was and why it
created those feelings.
2. What have you done to try to reconcile the debate within you?
3. What learning strategies have helped you to examine the data or
information rather than feel threatened, fearful, torn, conflicted?

•

Third Roundtable: Focus on the internal change that has occurred over the course
of the unit.
1. After studying a small sample of the theory of evolution, has there been a
change in your personal beliefs? Why or why not?
2. What evidence, if any, created the most internal conflict? Why?
3. Do you believe that your personal beliefs affected your ability to learn?
Why or why not?
4. What learning styles/strategies helped you the most in understanding or
coping with the evidence of the theory of evolution?
5. Based on your experience, is there anything you would like to share that
you believe would help future students in their understanding of
evolution?
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Appendix C - Possible end of the unit exam questions
Essay or Written Examination Questions
The first question will be assessing whether students understand that it is the genetic
variation within a population of organisms that creates the traits that will allow an
organism to survive during periods of environmental change. The variation is
heritable since it is found within the DNA molecules and will be passed to offspring.
The offspring with the greatest chance of survival are the offspring in the population
that receive the favorable variations. These individuals will then live to an age of
reproduction and continue to pass the favorable variations to future generations.

1.1. A dairy farmer in California notices that the population of flies has increased
dramatically on his farm and wants to do something about it. He begins to spray
pesticide on his farm and the fly population dwindles to almost zero. He
continues to spray month after month but the fly population begins to increase.
Beginning your answer with a discussion of variation in organisms, explain how
natural selection leads to the increased reproduction of individuals with favorable
heritable variations.
II. 1Doctors in New York noticed that as the population contracting mv
increased, bacterial diseases like tuberculosis began to increase. Hoping to
improve the quality of life of the infected individuals, the doctors prescribed one
type of antibiotic to kill off the bacterial population creating the tuberculosis
infection. The patients very rarely used up the entire bottle of antibiotics because
the effects of the antibiotic made them feel so poor. Soon the antibiotic had no
effect on the bacteria. Beginning your answer with a discussion of variation in
organisms, explain how natural selection leads to the increased reproduction of
individuals with favorable heritable variations.
The second question examines whether students understand the evidences used by
scientists to support the idea of speciation.

1.2.

Describe the evidence for speciation using the palaeontological evidence of
whales.

11.2.

Describe the evidence for speciation using the salamanders of Oregon and
California.

The third question will be found on both exams. This question assesses whether
students can apply the above knowledge of variation and change in environment
affecting the accumulation of favorable heritable traits creating new species to
humans.
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3.

a.

Outline the possible ecology of Australopithecines, Homo sapiens
neandertalis and Homo sapiens sapiens.

b.

Discuss the ecological changes that may have prompted their origin.

Multiple Choice Questions 18

The following questions are a sample of questions that could be found on the unit
exam.
•

Many ofthe people living on an island offthe coast of Spain exhibit polydactyly.
The man factor contributing to this condition is
(a) isolation
(b) natural selection
(c) pleiotropy
(d) convergent evolution
(e) mutation

•

Laboratory studies show that all aerobic species possess a respiratory pigment,
called cytochrome c. This supports a theory of evolution proposed by
(a) Lamarck
(b) Lyell
(c) Sutton
(d) Darwin
(e) Cuvier

•

Darwin's finches on the Galapagos Islands are examples of evolution at work
because they demonstrate
(a) climatic shift
(b) directional selection
(c) speciation
(d) convergent evolution
(e) adaptive radiation

18

Multiple choice questions listed are examples from Haskel's (2002) Amsco's AP Biology: Preparing
for the Advanced Placement Examination.
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Base your answer to the next question on the following statement and your
knowledge ofbiology.
Many embryos of more complex animals resemble embryos of simpler animals, and that the
embryos of more complex animals develop through a series of stages similar to those of simpler
animals.

• Which statement most closely agrees with the previous text?
(a) A human embryo resembles a mature fish, at a certain stage of development.
(b) The blastula stage of a mouse embryo may be compared to a spherical
multicellular embryo of a simpler animal.
(c) The statement supports the theory "phylogeny recapitulates ontology," proposed
by Ernst Haeckel.
(d) Analogous structures are derived from similar embryonic tissues. The more
diverse the ancestry of two species, the greater the structural similarities.

