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Preface

Is the teaching of evolution only controversial in a few places or for members of a
few conservative religious sects? Our travels and communication with our evolution
education research colleagues around the world made us anecdotally answer no to
this question, but we realized that we lacked a systematic way of making such
comparative assertions. Evolution Education Around the Globe begins to answer
this question and provides what we hope is an internationally informed conversa-
tion about evolution education.

The origin of this book goes back to our years together at Indiana University
Science Education Doctoral Program. During our time together in the doctoral
program, we realized our common interest in evolution education and evolution
education research. We collaborated over several research projects exploring evo-
Iution acceptance and understanding among Turkish and American preservice
biology teachers. Our manuscripts from these projects appeared in Journal of
Research in Science Teaching and Reports of the National Center for Science
Education. We both graduated in 2007 and took Assistant Professor of Science
Education positions at University of Nevada, Las Vegas (Hasan Deniz) and Kent
State University (Lisa A. Borgerding). Our collaborative work had a pause as we
struggled with the responsibilities of our new positions and life events until we
resumed our collaboration when we met in Washington, D.C., to attend a National
Science Foundation event in 2015. At this point, we both secured our tenure and
were promoted to the rank of Associate Professor of Science Education. We real-
ized that our passion for evolution education persisted, and we discussed possible
ways to resume our collaboration. We quickly agreed on a need for a book pro-
viding a global view on evolution education and evolution education research.
Immediately after our meeting at Washington, D.C., we secured a book proposal
from Springer. When we mentioned our intention for such a book to our colleagues
in American Education Research Association (AERA) and National Association for
Research in Science Teaching (NARST) conferences, we were encouraged that our
colleagues from around the world praised our efforts, and some of them were eager
to submit a chapter describing status of evolution education in their respective
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vi Preface

countries or regions. With this encouragement, we sent a call for chapters to e-mail
listservs or contact persons of international science education organizations. In the
call for chapters, we expressed the need for a book and invited colleagues around
the world to provide a chapter systematically summarizing evolution education
literature in their country or geographical region and address the following topics:

e Public acceptance of evolutionary theory within the social and cultural context
of the country;

Whether there are anti-evolution movements in the country;

Place of evolutionary theory in the curriculum;

Emphasis given to evolutionary theory in biology teacher education programs;
Biology teachers’ attitudes toward teaching evolutionary theory;

Suggestions to improve evolution education in the country.

This book differs from other books about evolution education in at least three
distinct ways. First, and most importantly, the proposed book has an international
focus. The vast majority of evolution education books are mono-national, and
almost all exclusively focus on the evolution education controversy in the USA.
Second, the individual chapter contributions for the proposed book include com-
mon elements that facilitate a cross-cultural meta-analysis. This meta-analysis will
serve as the culmination of this international inquiry. Finally, this book is written
for a primarily academic audience in an effort to provide a much-needed common
background for future evolution education research across the globe.

We are indebted to each of the authors for their willingness to provide an
overview of evolution education and evolution education research in their respec-
tive countries or regions. These authors excavated and synthesized research and
policy documents in these different regions, and many even gathered and analyzed
new or previously unreported data in this context. Very selfishly, we have had the
pleasure of working with these excellent scholars from around the world and
engaging in conversations we have long sought to have. We have learned from the
chapters in this volume and hope that evolution education will benefit from this
international perspective.

We are also grateful to our shared doctoral advisor, Dr. Valarie Akerson, who
has long supported our careers and provided thoughtful advice as we first
endeavored to initiate this book project.

Finally, we are grateful to our families for supporting us throughout the pro-
duction of this book.

Las Vegas, NV, USA Hasan Deniz
Kent, OH, USA Lisa A. Borgerding
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Chapter 1 )
Evolutionary Theory as a Controversial e
Topic in Science Curriculum Around

the Globe

Hasan Deniz and Lisa A. Borgerding

Abstract Evolutionary theory is considered as one of the greatest scientific
achievements in history of science on par with the theory of heliocentricism,
general and specific relativity, and the theory of plate tectonics. However, public
controversy over teaching evolutionary theory urges science educators to consider
conceptual, epistemic, worldview/religious, and social/cultural factors simultane-
ously when teaching about evolutionary theory. In this book, we aimed to explore
the influence of social and cultural domain on evolution education.

Evolutionary theory is considered as one of the greatest scientific achievements in
history of science on par with the theory of heliocentricism, general and specific
relativity, and the theory of plate tectonics. Heliocentricism challenged
earth-centered Ptolemaic system and replaced it with sun-centered view of the
universe. Relativity changed our concept of time. The theory of plate tectonics
changed our view of unmoving continents and replaced it with the view that each
continent was part of a single continent that broke apart. Similarly, the theory of
evolution changed the concept of fixed species and replaced it the view that new
species can arise from the old species. None of these aforementioned scientific
theories are controversial within the scientific community and there is no debate
among scientists whether these theories meet the standards of a scientific theory.
However, evolutionary theory stands out from other scientific theories in that it
tends to create a public controversy. The controversy over teaching evolutionary
theory is a global phenomenon not merely confined to a single country or region.
The controversial nature of evolutionary theory makes teaching evolution a difficult
task for biology teachers, thereby creating a very interesting and unique research
agenda for science educators. Many science education researchers around the world

H. Deniz (X))
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4 H. Deniz and L. A. Borgerding

are interested in investigating issues that are salient to teaching and learning of
evolutionary theory.

Science educators simultaneously need to consider various domains when
teaching about evolutionary theory:

Conceptual domain
Epistemic domain
Worldview/religious domain
Social and cultural domain.

1.1 Conceptual Domain

The conceptual domain includes both scientifically accepted evolutionary concepts
and students’ nonscientific conceptions related to evolutionary theory. A collection
of students’ current concepts including scientifically accepted evolutionary con-
cepts and alternative conceptions about evolution called conceptual ecology
(Toulmin, 1972) influences how students learn about evolutionary theory. Students’
views on evolutionary theory are probably reflective of general population’s views
on the theory, which we know from survey data is quite skeptical of evolutionary
theory in many countries (Miller, Scott, & Okamoto, 2006). Therefore, it is quite
reasonable to expect students to enter into classroom with a number of miscon-
ceptions about evolutionary theory. Common student misconceptions about evo-
lutionary theory includes (a) all evolutionary change is adaptive, (b) evolutionary
change is progressive, (c) evolutionary change is teleological (goal-directed),
(d) evolutionary theory is a form of atheism, and (e) evolutionary process in gen-
eral, and natural selection in particular are equated with event-like ontology rather
than equilibration type ontology (Ferrari & Chi, 1998). Many influential authors
writing about conceptual change warned about how students’ prior conceptions (the
current conceptual ecology) might interfere with the learning process (e.g.
Bransford, Brown, & Cocking, 1999; Chin & Brever, 1993; Pintrich, Marx, &
Boyle, 1993). Students’ current conceptual ecology can either facilitate or impede
the learning process (Pintrich et al., 1993). Therefore, science teachers need to
assess their students’ current conceptual ecology about evolutionary theory before
they start teaching about the theory. Ascertaining students’ prior conceptions about
evolutionary theory is in line with the practice of a teacher who adopts construc-
tivist teaching and learning principles.

1.2 Epistemic Domain

The epistemic domain can be examined at two levels (a) personal epistemology of
students and (b) students’ epistemological beliefs about science, i.e., students’
nature of science views.
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1 Evolutionary Theory as a Controversial Topic in Science ... 5

Personal epistemology shapes one’s sense of what constitutes reality and how
one comes to know something. Personal epistemology serves as a standard against
which one judges his or her understanding during learning (Hewson, 1985; Hofer,
1997). Perry (1970) described a person’s epistemological development in nine
stages. Perry’s original scheme contained nine stages, but it was convenient for
most researchers to organize these nine stages into four: dualism, multiplicity,
relativism and commitment to relativism. According to Perry (1970), many students
come to college at the dualism stage. In dualism stage, students see the things as
“right or wrong” or “black or white.” They think that knowledge is objective and
the instructor is the representative of authority. As the students are exposed to
conflicting views of different authorities on the same issue, they question the
dichotomous view of the world. They think that there are some issues that cannot be
definitively known. Students who are thinking at this level are in multiplicity stage.
Within this stage, students believe that there is truth, but that there is room for
uncertainty. In relativity stage, students come to think that there are few issues that
can be known for sure. This stage is much different from other stages because there
is a major departure from dualistic way of thinking. Authority becomes open to
debate and criticism in this stage. In the commitment to relativism position, students
find relativism disorienting. Students seek to develop commitments to do away with
disorienting while they continue to acknowledge other peoples’ positions.

Nature of science (NOS) refers to epistemology of science, i.e., values and
beliefs specific to the scientific knowledge and its development (Lederman, 2007).
There is no single definition of NOS among philosophers of science, historians of
science, scientists, and science educators, but certain NOS ideas are uncontroversial
and promoted by most science educators. These NOS ideas include but are not
limited to conceptions that scientific knowledge is empirically-based, tentative,
subjective, inferential, socially and culturally embedded, and depends upon human
imagination and creativity. In addition to these NOS ideas, three additional NOS
ideas are relevant to evolutionary theory:

(1) The functions of and relationships between scientific theories and laws: There is
no hierarchical relationship between theories and laws. Theories do not turn
into laws. Everyday usage of the word theory is problematic for students’
science learning. The everyday usage refers to some sort of wild idea, which
may or may not be empirically supported. In science, theories are extremely
well-supported web of hypotheses that are constructed to explain natural
phenomena.

(2) The notion that experiments are not the only way to perform scientific research:
Experimentation is a useful scientific method in science, but is not the only
method to conduct scientific research. Scientific research in astronomy and
evolutionary biology are based on extensive observations rather than
experiments.

(3) The demarcation criteria for scientific knowledge: Science is a limited way of
knowing. Science cannot answer all questions. For example, science cannot
answer moral and ethical questions. Scientists do not invoke supernatural
explanations when conducting scientific research.

RMoore @umn.edu



6 H. Deniz and L. A. Borgerding

It can be conceived that students’ overall personal epistemology and their
epistemological beliefs about science, i.e., nature of science views are commen-
surate with each other. It can be thought that students’ overall epistemological
sophistication can influence to what extent one can improve their nature of science
views (Akerson, Morrison, & McDuffie, 2006) and in turn, improved nature of
science views can facilitate one’s transition from a lower epistemological stage to a
higher epistemological stage (Deniz, 2011). It is quite possible to conceive that
students’ overall epistemic beliefs and nature of science beliefs together shape
students’ learning about evolutionary theory. In other words, students will learn
about evolutionary theory from the lens of their overall epistemic beliefs in general
and nature of science views in particular.

1.3 Worldview/Religious Domain

Philosophical materialism (atheism) and theism are the two major worldviews that
are relevant to teaching evolutionary theory (Anderson, 2007). According to
philosophical materialism, matter exists and that is all; there is no acknowledge-
ment of God or gods; and ethics are constructed by humans. According to theism,
God exists, God created the universe and the living things; there is life after death;
and ethics originate from God. A person with a theistic worldview may not be
necessarily religious, however, all religious people subscribe to the theistic
worldview.

Epistemologically, religion and science can be considered as “nonoverlapping
magisteria” (Gould, 1997) but pedagogically these two magisterias can potentially
overlap with each other in a student’s mind. This potential overlap specifically fuels
the opposition to teaching the theory of evolution and antievolution movements in
various countries around the globe. The driving force behind antievolution move-
ments is not just about students’ learning about science content (evolution), but the
implications of evolutionary theory for students’ worldviews and religious beliefs.
Confining evolutionary theory within philosophical materialist worldview provides
additional fuel and fervor for antievolution movements that are motivated by their
strong commitment to the preservation of their theistic worldview. We need to
convey to our students that scientists are methodological materialists but they are
not necessarily philosophical materialists. In other words, scientists do not use
supernatural explanations while conducting and publishing scientific research, but
they can interpret their scientific understanding and research findings from the
perspective of their theistic worldview. In fact, Easterbrook (1997) reported that
about 40% of working scientists have serious religious beliefs, based on survey
items including explicit statements including believing in a personal God and

praying.

RMoore @umn.edu



1 Evolutionary Theory as a Controversial Topic in Science ... 7

1.4 Social and Cultural Domain

Miller et al. (2006) compared the acceptance of evolutionary theory among adults in
34 countries. Most Western European countries such as Iceland, Denmark, Sweden,
France, and United Kingdom have 75 percent or more acceptance rates of evolu-
tionary theory. Countries such as United States and Turkey have acceptance rates of
40% and 25% respectively. If a concept has little leverage within a cultural milieu,
it will not be readily acceptable and it will be difficult for that concept to be
included in the school curriculum. Costa (1995) stated that successful transition of
students from their own world to school science depends on the compatibility of
family and school cultures. Deniz, Donnelly and Yilmaz (2008) found that Turkish
preservice biology teachers with well-educated parents are more likely to accept
evolution as a scientifically valid theory. This makes sense considering the fact
Turkish education system is historically modeled based on Western education
principles especially after the declaration of Republic of Turkey in 1923.

According to Aikenhead and Jegede (1999) when the culture of school science is
compatible with a students’ social and cultural values science instruction tend to
happen smoothly. However, if there is a conflict between the culture of science and
a student’s socio-cultural values science instruction tends to damage students’
socio-cultural values by forcing students to abandon their indigenous values. For
this reason, Aikenhead and Jegede (1999) called for developing culturally sensitive
curricula and teaching methods to be able to avoid the clash between students’
cultural values and the culture of Western science.

1.5 Evolution Education Research Around the Globe

Many researchers from different countries around the world conduct research on
evolution education. A critical of review of the evolution education research from
different parts of the world allows us to have a global view of the issues that are
salient to teaching evolution. This critical review of the literature from different
countries also enables us to appreciate the influence of social and cultural context on
evolution education topics under investigation. Science education researchers have
investigated student and teacher evolution understanding in Greece (Athanasiou &
Mavrikaki, 2015), Canada (Nieswandt & Bellomo, 2009); England (Tenenbaum,
To, Wormald, & Pegram, 2015), and the Netherlands (Geraedts & Boersma, 2006).
Several studies have investigated evolution acceptance in countries such as Turkey
(Akyol, Tekkaya, Sungur, & Traynor, 2012; Deniz et al., 2008; Peker, Comert, &
Kence, 2010), Greece (Athanasiou & Papadopoulou, 2012), Korea (Ha, Haury, &
Nehm, 2012), Lebanon (BouJaoude, Wiles, Asghar, & Alters, 2011b), Belize
(Nunez, Pringler, & Showalter, 2012), and Jordan (DeBaz & El-Weher, 2012). Other
non-U.S. studies have investigated evolution as it pertains to the nature of science in
Lebanon and Egypt (BouJaoude et al., 2011a; Dagher & BouJaoude, 2005) and
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8 H. Deniz and L. A. Borgerding

Korea (Kim & Nehm, 2011) and religiosity in Greece (Athanasiou & Papadopoulou,
2012), Lebanon (BouJaoude et al., 2011a, 2011b; Hokayem & BouJaoude, 2008),
Israel (Dodick, Dayan, & Orion, 2010); Scotland (Downie & Barron, 2000), Austria
(Eder, Turic, Milasowszky, Van Adzin, & Hergovich, 2011); Australia (Ferguson &
Kameniar, 2014); England (Hanley, Bennett, & Ratcliffe, 2014), Singapore (Seoh,
Subramaniam, & Hoh, 2016), and Thailand (Yasri & Mancy, 2014). There are
international concerns about how teachers approach and actually teach evolution in
Brazil (Marcelos & Nagem, 2012), South Africa (Abrie, 2010), Israel (Dodick,
Dayan, & Orion, 2010); the Netherlands (Schilders, Sloep, Peled, & Boersma,
2009), and Turkey (Akyol et al., 2012). Finally, science educators have investigated
the presentation and minimization of evolution in national curricula in New Zealand
(Campbell & Otrel-Cass, 2011), Belize (Nunez, Pringle, & Showalter, 2012), and
France (Quessada & Clement, 2007).

In this book, we aimed to present a global view of evolution education by asking
science educators around the world to address the following topics in their own
country or region:

e Public acceptance of evolutionary theory within the social and cultural context
of the country or region

Whether there are anti-evolution movements in the country or region

Place of evolutionary theory in the curriculum

Emphasis given to evolutionary theory in biology teacher education programs
Biology teachers’ attitudes toward teaching evolutionary theory

Suggestions to improve evolution education in the country or region.

The book includes a total of 24 chapters: the introductory and conclusion chapters;
seven chapters from North and South America (Brazil, Galapagos, Mexico and four
chapters from the United States-US Muslims, Missouri, Southwestern US, and
Southern US); five chapters from Europe (England, France, German speaking countries,
Greece, and Scotland); three chapters from Middle East (Arab States, Iran, and Turkey);
five chapters from East Asia (Hong Kong, Indonesia, Philippines, and two chapters
from Malaysia); one chapter from South Africa; and one chapter from New Zealand.

In this book, we aimed to explore the influence of social and cultural domains on
evolution education. Therefore, cognitive and epistemic aspects of evolution edu-
cation are not targeted in this volume. Even though we asked our authors to sys-
tematically address the above points in each chapter, we also allowed some chapters
to include empirical studies related to evolution education while addressing as
many common points as possible.

1.6 Conclusion

We believe that this volume will contribute to the evolution education research by
providing a global view on the status of evolution education and evolution edu-
cation research. The work done in evolution education is substantial and it is time to
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1 Evolutionary Theory as a Controversial Topic in Science ... 9

coordinate the efforts of educators and researchers interested in evolution education.
We believe that this volume will underscore evolution education research as a
significant area of study within international science education research and bring
the challenges of teaching evolutionary theory to the attention of international
public opinion. The contributors to this volume addressed the above bulleted points
by including the relevant evolution education research conducted in the designated
country or region. The systematic treatment of topics and the inclusion of relevant
literature across different countries or regions allowed us to assess the state of
evolution education and evolution education research in each country or region,
thereby providing a global view. Evolution education will benefit from the work of
the contributors to this volume and from those who draw on our contributors’
insightful suggestions to improve evolution education.

References

Abrie, A. L. (2010). Student teachers’ attitudes towards and willingness to teach evolution in a
changing South African environment. Journal of Biological Education, 44, 102-107.

Aikenhead, G. S., & Jegede, O. J. (1999). Cross-cultural science education: A cognitive
explanation of a cultural phenomenon. Journal of Research in Science Teaching, 36, 269—-287.

Akerson, V. L., Morrison, J. A., & McDuffie, A. R. (2006). One course is not enough: Preservice
elementary teachers’ retention of improved views of nature of science. Journal of Research in
Science Teaching, 43(2), 194-213.

Akyol, G., Tekkaya, C., Sungur, S., & Traynor, A. (2012). Modeling the interrelationships among
pre-service science teachers’ understanding and acceptance of evolution, their views on nature
of science and self-efficacy beliefs regarding teaching evolution. Journal of Science Teacher
Education, 23(8), 937-957.

Anderson, R. D. (2007). Teaching the theory of evolution in social, intellectual, and pedagogical
context. Journal of Research in Science Teaching, 91(4), 664—6717.

Athanasiou, K., & Papadopoulou, P. (2012). Conceptual ecology of the evolution acceptance
among Greek education students: Knowledge, religious practices and social influences.
International Journal of Science Education, 34(6), 903-924.

Athanasiou, K., & Mavrikaki, E. (2015). Conceptual inventory of natural selection as a tool for
measuring Greek university students’ evolution knowledge: Differences between novice and
advanced students. International Journal of Science Education, 36, 1262—1285.

BouJaoude, S., Asghar, A., Wiles, J. R., Jaber, L., Sarieddine, D., & Alters, B. (2011a). Biology
professors’ and teachers’ positions regarding biological evolution and evolution education in a
Middle Eastern society. International Journal of Science Education, 33(7), 979-1000.

BouJaoude, S., Wiles, J. R., Asghar, A., & Alters, B. (2011b). Muslim Egyptian and Lebanese
students’ conceptions of biological evolution. Science & Education, 20, 895-915.

Bransford, J., Brown, A., & Cocking, R. (Eds.). (1999). How people learn: Brain, mind,
experience, and school. Washington, DC: National Academy Press.

Campbell, A., & Otrel-Cass, K. (2011). Teaching evolution in New Zealand’s schools—
Reviewing changes in the New Zealand science curriculum. Research in Science Education,
41, 441-451.

Chinn, C. A., & Brewer, W. F. (1993). The role of anomalous data in knowledge acquisition: A
theoretical framework and implications for science instruction. Review of Educational
Research, 63, 1-49.

RMoore @umn.edu



10 H. Deniz and L. A. Borgerding

Costa, V. B. (1995). When science is “another world”: Relationships between worlds of family,
friends, school, and science. Science Education, 79(3), 313-333.

Dagher, Z. R., & Boujaoude, S. (2005). Students’ perceptions of the nature of evolutionary theory.
Science Education, 89(3), 378-391.

De Baz, T., & El-Weher, M. (2012). The effect of contextual material on evolution in the Jordanian
secondary-school curriculum on students’ acceptance of the theory of evolution. Journal of
Biological Education, 46, 20-28.

Deniz, H. (2011). Examination of changes in prospective elementary teachers’ epistemological
beliefs in science and exploration of factors meditating that change. Journal of Science
Education and Technology, 20(6), 750-760.

Deniz, H., Donnelly, L., & Yilmaz, I. (2008). Exploring the factors related to acceptance of
evolutionary theory among Turkish preservice biology teachers: Toward a more informative
conceptual ecology for biological evolution. Journal of Research in Science Teaching, 45(4),
420-443.

Dodick, J., Dayan, A., & Orion, N. (2010). Philosophical approaches of religious Jewish science
teachers toward the teaching of ‘controversial’ topics in science. International Journal Of
Science Education, 32(11), 1521-1548.

Downie, J. R., & Barron, N. J. (2000). Evolution and religion: Attitudes of Scottish first year
biology and medical students to the teaching of evolutionary biology. Journal of Biological
Education, 34, 139-146.

Easterbrook, G. (1997). Science and God: A warming trend? Science, 277, 890-893.

Eder, E., Turic, K., Milasowszky, N., Van Adzin, K., & Hergovich, A. (2011). The relationships
between paranormal belief, creationism, intelligent design, and evolution at secondary schools
in Vienna (Austria). Science & Education, 20, 517-534.

Ferguson, J. P., & Kameniar, B. (2014). Is ‘learning’ science enough?—A cultural model of
religious students of science in an Australian government school. International Journal of
Science Education, 36, 2554-2579.

Ferrari, M., & Chi, M. T. H. (1998). The nature of naive explanations of natural selection.
International Journal of Science Education, 20(10), 1231-1256.

Geraedts, C. L., & Boersma, K. T. (2006). Reinventing natural selection. International Journal of
Science Education, 28(8), 843-870.

Gould, S. J. (1997). Nonoverlapping magisteria. Natural History, 106, 16-22.

Ha, M., Haury, D. L., & Nehm, R. H. (2012). Feeling of certainty: Uncovering a missing link
between knowledge and acceptance of evolution. Journal of Research in Science Teaching, 49
(1), 95-121.

Hanley, P., Bennett, J., & Ratcliffe, M. (2014). The interrelationships of science and religion: A
typology of engagement. International Journal of Science Education, 36, 1210-1229.

Hewson, P. W. (1985). Epistemological commitment in the learning of science: Examples from
dynamics. European Journal of Science Education, 7, 163—172.

Hofer, B. K. (1997). The development of personal epistemology: Dimensions, disciplinary
differences, and instructional practices. Doctoral dissertation. University of Michigan, Ann
Arbor.

Hokayem, H., & BouJaoude, S. (2008). College students’ perceptions of the theory of evolution.
Journal of Research in Science Teaching, 45(4), 395-419.

Kim, S. Y., & Nehm, R. H. (2011). A Cross-cultural comparison of Korean and American science
teachers’ views of evolution and the nature of science. International Journal of Science
Education, 33, 197-227.

Lederman, N. G. (2007). Nature of science: Past, present, and future. In S. K. Abel & N.
G. Lederman (Eds.), Handbook of research on science education (pp. 831-879). Mahwah, NJ:
Erlbaum.

Marcelos, M. F., & Nagem, R. L. (2012). Use of the “Tree” analogy in evolution teaching by
biology teachers. Science & Education, 21, 507-541.

Miller, J. D., Scott, E. C., & Okamoto, S. (2006). Public acceptance of evolution. Science, 313,
765-766.

RMoore @umn.edu



1 Evolutionary Theory as a Controversial Topic in Science ... 11

Nieswandt, M., & Bellomo, K. (2009). Written extended-response questions as classroom
assessment tools for meaningful understanding of evolutionary theory. Journal of Research in
Science Teaching, 46(3), 333-356.

Nunez, E. E., Pringle, R. M., & Showalter, K. T. (2012). Evolution in the Caribbean classroom: A
critical analysis of the role of biology teachers and science standards in shaping evolution
instruction in Belize. International Journal of Science Education, 34, 2421-2453.

Peker, D., Comert, G. G., & Kence, A. (2010). Three decades of anti-evolution campaign and its
results: Turkish undergraduates’ acceptance and understanding of the biological evolution
theory. Science & Education, 19, 739-755.

Perry, W. G. (1970). Intellectual and ethical development in the college years: A scheme.
Cambridge, Mass: Harvard University Press.

Pintrich, P. R., Marx, R. W., & Boyle, R. A. (1993). Beyond cold conceptual change: The role of
motivational beliefs and classroom contextual factors in the process of conceptual change.
Review of Educational Research, 63(2), 167-199.

Quessada, M. P., & Clement, P. (2007). An epistemological approach to French syllabi on human
origins during the 19th and 20th centuries. Science & Education, 16, 991-1006.

Schilders, M., Sloep, P., Peled, E., & Boersma, K. (2009). Worldviews and evolution in the
biology classroom. Journal of Biological Education, 43, 115-120.

Seoh, K. H. R., Subramaniam, R., & Hoh, Y. K. (2016). How humans evolved according to grade
12 students in Singapore. Journal of Research in Science Teaching, 53, 291-323.

Tenenbaum, H. R., To, C., Wormald, D., & Pegram, E. (2015). Changes and stability in reasoning
after a field trip to a natural history museum. Science Education, 99, 1073-1091.

Toulmin, S. (1972). Human understanding: An inquiry into the aims of science. Princeton, NJ:
Princeton University Press.

Yasri, P., & Mancy, R. (2014). Understanding student approaches to learning evolution in the
context of their perceptions of the relationship between science and religion. International
Journal of Science Education, 36(1), 24-45.

Hasan Deniz is an Associate Professor of Science Education at University of Nevada Las Vegas
(UNLV). He teaches undergraduate, masters, and doctoral level courses in science education
program at UNLV. His research agenda includes students’ and teachers’ epistemological beliefs
about science (nature of science) and evolution education. He is recently engaged in professional
development activities supported by several grants targeting to increase elementary teachers’
knowledge and skills to integrate science, language arts, and engineering education within the
context of Next Generation Science Standards.

Lisa A. Borgerding is an Associate Professor of Science Education at Kent State University. She
teaches undergraduate, masters, and doctoral level courses in science education and research
methodology. Her research centers upon the teaching and learning of biological evolution from
early childhood through college, nature of science instruction, preservice and inservice teacher
development, and service learning in teacher education.

RMoore @umn.edu



Part 11
North and South America

RMoore @umn.edu



Chapter 2 )
Pedagogical Implications of American ki
Muslims’ Views on Evolution

Khadija E. Fouad

Abstract American Muslims’ rates of acceptance of evolution and those of the
population as a whole are similar, because they form three groups: those who accept
both macroevolution and microevolution for all species, those who accept
macroevolution for all species except humans, and those who reject macroevolution
for all species, and because people who have one way of negotiating the rela-
tionship between science and religion may be resistant to adopting another method
of negotiating this relationship. A difference is that American Muslims generally
accept an old age for the Earth, whether or not they accept evolution. Pedagogical
implications of these views for Muslims are that curricula could be sequenced to
teach microevolution before macroevolution, and that a robust treatment of both the
science supporting evolutionary theory and important NOS concepts could help
students avoid common misconceptions promoted by American creationists.
Introducing students to different methods of negotiating the relationship between
religion and science, and to practicing Muslim evolutionary biologists and Muslims
from the past who developed proto-evolutionary theories, might help them to view
acceptance of evolution in a more favorable light.

2.1 Introduction

2.1.1 The American Context for Islam

American Muslims constitute a small minority in the United States of about 1%.
Muslims have been a part of the United States since its inception, mainly coming
involuntarily due to the slave trade, but also some voluntarily even from early on
(GhaneaBassiri, 2010). There have been successive waves of Muslim immigration
to the U.S., with 40% of the current American Muslim population having arrived
after 1960 due to changes in immigration laws (GhaneaBassiri, 2010; Pew, 2007).
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Converts to Islam and their children constitute more than a third of American
Muslims, a feature that is unique to the United States compared to Muslim popu-
lations in other countries (Gallup, 2009).

American Muslims include groups seen elsewhere in the world, such as Sunni,
Shia, Sufi, and Ahmadi Muslims (GhaneaBassiri, 2010; Pew, 2007). In addition,
there are many American Muslims who self-identify simply as Muslim. That is,
when they are asked about their affiliation, they will reply that they are “just
Muslim” (Pew, 2007). There are some from indigenous, uniquely American forms
of Islam, such as the Nation of Islam, as well. Half of American Muslims identify as
Sunni, 16% as Shi’a, 22% as “just Muslim,” with the remaining 12% containing
Muslims from other groups, such as the Nation of Islam and the Ahmadiyya
Movement in Islam.

Brief history of Islam. The religion of Islam was founded in the seventh century
in Mecca in present-day Saudi Arabia when Muhammad ibn Abdullah began
having experiences that he interpreted as divine revelations starting around 610 CE
and continuing until his death in 632 (Aslan, 2006). These revelations were col-
lected to form the Quran, or the Recitation, the scripture of the Muslims. The main
teaching of Islam is that God is One and that He alone is worthy of
worship. Muslims engage in various practices to attain nearness to God, such as
prayer, charity, fasting, and performing the pilgrimage to Mecca.

The early Muslim community faced severe persecution in Mecca, including
ridicule, torture, boycott, and death (Aslan, 2006). In response to this harsh treat-
ment, Muhammad and some of his followers migrated to present-day Medina in
622 CE. In Medina, Muhammad became a political as well as a spiritual leader.
After his death, his followers passed on many of his sayings and actions by oral
tradition. These were collected in later centuries and written down to become
known as the hadith collections.

The formation of groups in Islam. After Muhammad’s death in 632 CE, there
was disagreement among his companions as to who should succeed him (Aslan,
2006). One party supported his longtime friend and father-in-law Abu Bakr, while
others supported his cousin and son-in-law, ‘Ali ibn abu Talib. These two groups
gave rise to the Sunni and Shi’a Muslims, respectively. Sunni Muslims hold that
leadership of the Muslim community could rest in any pious, knowledgeable man.
Shi’a Muslims hold that leadership of the Muslims should be by divine appointment
only, and that this divine office of leadership in Islam was bestowed on descendants
of Prophet Muhammad through his daughter, Fatimah, and ‘Ali, because they
believe these people to be wiser and more pious than others (Tabataba’i, 1971).
Currently in the United States Sunnis have a diffuse, decentralized leadership,
although umbrella organizations, such as the Islamic Society of North America,
provide cohesion and structure for Islamic activities (GhaneaBassiri, 2010). Shi‘a
Muslims in the United States have religious scholars who provide them with
guidance and leadership, as well as umbrella organizations, such as the Muslim
Students’ Association—Persian Speaking Group.

The Ahmadiyya Movement in Islam was founded in 1889 by Mirza Ghulam
Ahmad of Qadian, India, who maintained that he was the long-awaited reformer of
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Islam, the Imam Mahdi, as well as the Promised Messiah and metaphorical second
coming of Jesus anticipated by Christians and Muslims alike, and the reincarnation
of Krishna that the Hindus expected (GhaneaBassiri, 2010). The Ahmadiyya
Movement sent missionaries to the United States in the 1920s and 1930s, suc-
cessfully winning a number of converts. For this reason, they claim to be the oldest
Muslim organization in the United States. Currently Ahmadi leaders are chosen on
a local level under regional and national leadership, with separate organizations for
women and men. These report directly to the Khalifah, the spiritual head of the
community, headquartered in London, UK (Saliha Malik, personal communication,
2010).

The Nation of Islam (NOI) is a distinctly American form of Islam that originated
in the early part of the 20th century (GhaneaBassiri, 2010). It was brought into
national prominence under the leadership of Elijah Muhammad, who began lead-
ership of the community in 1934. When he died in 1976, his son Warith Deen
Muhammad took over leadership of the organization and later renamed it the
Muslim American Society. He led his followers to an American version of Islam
rooted in the Quran and mainstream Islamic practices. A couple of years after
Warith Deen Muhammad took over the leadership of the NOI, Louis Farrakhan
formed a splinter group that broke off from the main body of the organization and
retained the original name. He resisted Warith Deen Muhammad’s guidance toward
a more mainstream version of Islam and instead retained the beliefs and practices
promulgated by Elijah Muhammad.

Those American Muslims who say they are “just Muslim” without claiming
membership in any specific group are a diverse group, and have different approa-
ches to Islam. Some rely on the Quran alone for religious guidance, while others
may rely on the hadith traditions as well. Among the reasons that they identify as
just a Muslim are that they do not identify with ancient animosities or foreign
cultural traditions that they view as intrinsic parts of Muslim groups, or they may
have a desire to avoid sectarian arguments. In practice, many of these Muslims
attend Sunni, Shi’a, or other mosques.

2.2 Public Acceptance of Evolutionary Theory Within
the Social, Political, and Cultural Context
of the United States

2.2.1 American Muslims’ Views on Evolution

American Muslims’ acceptance rate for evolution is 45%, similar to the acceptance
rate for American Christians, but lower than the 53% acceptance rate for Muslims
worldwide (Pew, 2013).

Everhart and Hameed (2013) conducted a mixed methods study of the views of
23 Pakistani-American medical doctors on evolution. They found four positions on
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evolution when they asked the physicians to choose a statement that was closest to
their beliefs, theistic evolution, “all species, including humans, have evolved over
millions of years, but Allah guided the process,” naturalistic evolution, “all species,
including humans, have evolved over millions of years, and Allah played no part,”
the special creation of humans, “Allah created humans, but all other species have
evolved over millions of years,” and the special creation of all species, “Allah
created humans and all other species in the form they exist today.” A qualitative
study was conducted to examine the relationship between 60 American Muslim
undergraduates’ views on evolution, their understandings of nature of science, their
understanding of natural selection, and the manner in which they negotiate the
relationship between science and religion (Fouad, 2016a). Respondents in this study
all believed that God was responsible for creation, whether or not they believed He
used evolution as a mechanism for these changes. They generally accepted the idea
that natural selection is responsible for microevolutionary changes in all organisms,
including humans, but differed over whether all organisms, all organisms except
humans, or no organisms are the product of macroevolutionary changes. These
positions corresponded to theistic evolution, belief in the special creation of
humans, and belief in the special creation of all species, respectively. None of the
undergraduates chose the naturalistic evolution position. These positions are not
unique to American Muslims, and similar positions can be found among American
Christians (Legare, Evans, Rosengren, & Harris, 2012). Table 2.1 lists examples of
people articulating these positions taken from an unpublished data set consisting of
qualitative research interviews of 63 American Muslim undergraduates (Fouad,
2016b).

Factors affecting American Muslims’ views on evolution. Although the
evolution acceptance rate among American Muslims is similar to the country as a
whole, there are some distinctive features about the manner in which American
Muslims view evolutionary theory. We will examine these features in more detail.

The relationship between science and religion. Most U.S. Muslims do not
believe there is any conflict between science and religion. The manner in which
people negotiate the relationship between science and religion can be classified as
conflict, independence, dialog, and integration (Barbour, 2000). Those with a
conflict view see science and religion as competing methods of making sense of the
world. Those who take an independence view see science and religion as having
different, independent functions so that both can be used to make sense of the
world, although each explains different aspects. Those who take a dialog view use
metaphors from one to explain the other, or view religion as providing answers to
questions that science cannot answer. Those who view the relationship between
religion and science as being integrated use both together to formulate their
understandings of natural phenomena. These categories can generally be a useful
way to think about American Muslims’ views on the relationship between science
and religion, although some do not fit into these categories, either because they are
disengaged from this question or because they are in the process of sorting out this
relationship for themselves (Fouad, 2016a). Examples of American Muslims
articulating each of these positions are presented in Table 2.2.
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Table 2.1 Examples of American Muslims’ views on evolution

Stance

Example

Theistic Evolution (Both macroevolution and
microevolution for all species)

Abbas: There’s a lot of evidence scientifically
that proves evolution, but being Muslim, we
believe that the source of all life or all matter in
the universe comes from a Supreme Being,
Allah, and it just makes sense this way without
conflicting with my religious beliefs

Angela: I feel the evolution debate is null and
void, considering the scientific evidence we
have. As Muslims we are required to read and
understand science, and be exemplary in
learning. So, for me it’s like the judgment of
how basing Allah’s creation on human
understanding is a little faulty, so I really just
don’t see how evolution can’t co-exist with a
belief in Allah and His creation of Earth,
because we don’t, we can’t even have any
understanding of Allah’s mercifulness. How
can we have understanding of something as
complex as how He decided to create the
world?

Habib: If as a Muslim you take it that Allah,
along with His 99 names, if He’s capable of
anything, then He would be capable of
implementing such a system as evolution

Special Creation of Humans (Microevolution
for humans and both microevolution and
macroevolution for all other species)

Rafiq: I believe that we did evolve from
previous ancestors, but when you tell me
actually that when we first evolved from the
very first human being, that’s kind of, you
know, that they’re come from another species,
we’re not, we didn’t come from monkeys....
Because religiously, obviously Adam and Eve
were the first human beings on earth, correct?
...So0, that’s why I’m telling you that we, the
very first human beings did not evolve from
previous species, but we did evolve from our
ancestors, such as Adam and Eve. That’s my
view on it. I do agree that we did evolve, but
not from other animals, from our own species
Salahuddin: It makes sense to me, because if
you look at the Quran and also the Bible, God
says that He blew His soul into Adam, but it
also says that the heavens and the Earth were as
one unit of creation, and also, “We created
from water every living thing.” So, I don’t see
them as being apart. The fact that God blew His
spirit into Adam can be taken symbolically, but
I think that might be stretching it, although I
wouldn’t be surprised if we did evolve with the
other species....I mean, I wouldn’t be surprised

(continued)
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Table 2.1 (continued)

Stance Example

if it is more evolution, but just from the way the
verse is, it sounds to me like that Adam and the
jinn and the angels were all created separately
from that process, but at the same time, one of
God’s names is al-Bari, which has been
translated as the Evolver

Special Creation of All Species Akilah: I believe that Allah created everything,
(Microevolution for all species with and nothing evolved by itself. Everything’s
macroevolution for no species) from Allah so you know how people say, oh,

from evolution, the dinosaurs and all this kind
of stuff? But I believe like Allah created
everything on the planet. He created the world
and everything

Hadiyah: Well, I know that I’ve seen different
types of animals: birds and reptiles and
different things like crocodiles and alligators.
I’'m sure that over time that their environment
changed, and they changed with their
environment. So, to me, this is a just another
thing to marvel at. When you think about Allah
and His creation, everything changes over time,
but how does it change? Well, of course, as a
Muslim, I believe it changes with the will of
Allah, with the power of Allah, so I do believe
that even the land, not just the animals, every
creation, the trees, the plants, everything has
changed over time, so of course it’s only
logical for the things that live in the
environment to change with it, and I think that
is something that, you know, it shows us the
power of Allah, like how He can adapt the
things over time, and things change with their
environment

Note All names are pseudonyms. Data taken from a sample of 63 American Muslim
undergraduates (Fouad, 2016b)

American Muslims’ stances on evolution can be seen in the light of the manner
in which they negotiate the relationships between science and religion. Hadiyah’s
response given in Table 2.1 is an example. She uses integration to incorporate both
the scientific evidence and her religious beliefs to form a coherent view of bio-
logical evolution. She can accommodate the strong scientific evidence she learned
in her biology and anthropology classes by allowing for microevolution of all
species, but her literal interpretation of the Quran precludes her from accepting the
idea that evolution was responsible for their emergence.

Religious texts. American Muslims’ stances on evolution can also be seen as a
response to both the scientific evidence and their religious scriptures as well as the
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Table 2.2 Examples of American Muslims’ views on the relationship between science and
religion

Stance Example

Conflict Brittany: Either you believe what your religious book says, or you believe
what this theory says

Lubna: With religion it’s, everything is written. With science, it’s
everything is to be proven....Very religious people, they don’t necessarily
think science is correct, because they think that everything has already been
written, and that it doesn’t have to be proved

Nabila: I think the border is crossed when one decides to specifically focus
on scientific points of view, one is trying to understand the world and
completely disregard any religious aspects like forgetting to acknowledge
the fact that, okay, these discoveries aren’t human discoveries really. We
have to acknowledge that apart from the scientific understanding and the
scientific explanations for these phenomenas, at the end of the day, really
everything can be explained by Allah, and everything was created by Allah

Independence Haroon: Religion is different from science, because science is the study of
how things work in the universe. Religion is the study of how you should
live in this universe

Carlene: Religion and philosophy, it seems that those fields, they function to
tell us why things happen, and science and physics and all the rest, they tell
us how things happened

Nafisa: I think science tends to explain what’s going on in the world
whereas religion kind of gives it a purpose

Dialog Adam: There is a big gap in science. How did something come from
nothing? It’s a gap they try to fill up with reason, but it’s God, not science
Nadira: General umbrella of science .... Some parts are incomplete without
religion. There is not a conflict because one is a tool to explain the other.
Science cannot stand alone, because it is a tool to explain what is written in
the Quran, to gain an appreciation of what Allah says in the Quran, because
Allah is al-Malik, King of Everything

Integration Jason: Science and religion, they go hand in hand

Latifa: I don’t think you have to separate science and religion, because if
we’re talking about religion in terms of what God has a part in and we
assume that God has a part in everything, it doesn’t really make sense to
separate them

Disengagement | Nusaybah: I really couldn’t take a side, honestly, I really don’t take sides

Note All names are pseudonyms. Data taken from a sample of 63 American Muslim
undergraduates (Fouad, 2016b)

weights and interpretations they give to each of these types of explanations. The
two main textual sources used by Muslims are the Quran, which Muslims hold to be
the word of God as revealed to the Prophet Muhammad, and the hadith, which are
traditions attributed to Prophet Muhammad (Aslan, 2006). All Muslims consider
the Quran as authoritative, but there are disagreements over which hadith are
considered authentic among the different groups of Muslims (Aslan, 2006). For
example, Sunni Muslims use traditions that were collected from the Prophet’s
companions and retold by later generations. Shi’a Muslims use traditions
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transmitted by the imams, descendants of Prophet Muhammad whom they believe
to be his pious successors. Some scriptures used by American Muslims in for-
mulating their stances on evolution are considered in detail here.

Muslims consider God to be the Creator of the universe and to be responsible for
its care and maintenance in response to verses such as the following. “And We have
not created the heavens and the earth and whatever is between both of them as one
who indulges in idle play”' (21:16). Here, creation is described as teleological in its
essence, as everything has been created for a set purpose determined by God.

Not only did God create the universe, but He is responsible for maintaining it,
and encompasses it with His knowledge, as described in the following verse:

God - there is nothing worthy of worship but He, the Living, the Self-subsisting, Eternal.
Neither drowsiness nor sleep can seize Him. For Him is whatever is in the heavens and
whatever is in the earth. Who is there who can intercede with Him except with His
permission? He knows whatever is in front of them and whatever is behind them, and they
will not encompass anything from His knowledge except what He wills. His authority
extends over the heavens and the earth, and He does not weary of guarding and preserving
them both, for He is the Most High, the Always Most Magnificent. (2:255)

Here God is depicted as being continually necessary for the perpetuation of the
creation. If He were to shift His attention from it for only a moment, it would cease
to exist. However, He is constantly awake and alert, preserving the universe and
everything in it.

Most Muslims do not have any problem accepting an old age for the Earth.
Although creation is described in the Quran as taking place in six days (e\-l'i L),
“days” is generally understood to mean periods of time, and not necessarily 24-hour
“days.” For example, “God is He Who created the heavens and the Earth and
whatever is between both of them in six eons” (32:4).

Noah’s flood is mentioned in the Quran, but it engulfs only Noah’s people, and
not the entire Earth, for example, the following verse.

And We helped him against the nation who belied Our miraculous signs. Indeed they were
an evil nation, so We drowned them all together (21:77).

This verse does not pose any problem to Muslims who wish to accept evolution, as
verses in the Bible concerning the flood do for some Christians. Christians who
believe in a literal interpretation of the Biblical version of the flood must somehow
explain the evolutionary bottleneck that would have occurred on the ark. Muslims,
on the other hand, believe that only Noah’s people were flooded, so plants and
animals could have easily survived outside of the flood zone. Even a literal inter-
pretation of the version in the Quran would not be incompatible with acceptance of
evolution.

There are many verses in the Quran that could be interpreted as specifying how
Adam was created, but it does not give a similar treatment to the creation of other

'All translations of the Quran from the Arabic are my own unless otherwise noted.
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organisms. Therefore Muslims consider the creation of Adam differently in for-
mulating their stances on evolution than they do the creation of other organisms.

One example of a verse mentioning the creation of plants and animals is the
following:

He created the heavens without any visible pillars and He cast in the Earth anchors (firm
mountains) lest it shake with you, and He spread on it every living, crawling creature, and
We sent down water from the sky and germinated on it every noble pair. (31:10)

Verses such as this one do not specify exactly how animals and plants were created,
and therefore leave open the possibility that they could have evolved as part of the
creative process.

Evolution of human beings is problematic for some Muslims because of verses
that could be interpreted to specify how human beings were created. The following
is one such verse.

Indeed the example of Jesus with God is like the example of Adam. He created him from
dust, then He said to him, “Be!” so, he became. (3:59)

This verse is not problematic in itself, but traditional interpretations of the verse
based on hadith can be seen as presenting a barrier to the idea that human beings
were not specially created. According to the traditional exegesis, a delegation of
Christians came to Prophet Muhammad in Medina and claimed divinity for Jesus
because he was born without a father (Ibn Kathir, n.d.). This verse was revealed to
counter this argument by claiming that, although Jesus was born without a father,
Adam was born without a father or a mother, so if Adam has no claim to divinity
because he was born without any parents, then Jesus would not have a claim to
divinity by being born from only one parent. According to this interpretation,
neither Adam nor Jesus came from normal births, but were instead specially cre-
ated, and therefore Adam could not have come into being as the result of natural
evolutionary processes.
Another verse that describes the creation of Adam is the following.

And when your Sustainer said to the angels, “Indeed, I am One Who creates a human being
from clay dried from stinking dark mud. So, when I have proportioned him and I have
breathed into him from My Spirit, then all of you fall down in prostration to him.” 15:28-
15:29.

Many Muslims interpret this verse to signify that God created Adam at a specific
point in time and in a specific manner. From this, they infer that Adam was
specially created, and that therefore he could not have evolved.

There are some Muslims who not only accept evolution, but claim that verses in
the Quran are consistent with the idea that human beings evolved, such as the
following verses.

And when your Sustainer said to the angels, “Indeed I am One Who Makes a khalifah (‘mh)
on the Earth.” They said, “Will you make on it one who will cause corruption in it and shed
blood, while we glorify with Your praise and purify for You?” He said, “Indeed I am the
most knowledgeable of whatever you all do not know.” And He taught Adam the names, all
of them. Then, He presented him to the angels. So, He said, “Inform Me of these names if
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you are truthful.” They said, “Your glory! We have no knowledge, except whatever You
taught us. Indeed, You are the Always All-Knowing, the Always All-Wise.” (2:30-2:32)

The term “khalifah” in the preceding passage can be translated as “successor.” In
this interpretation, Adam would be a successor to someone who came before him.
Therefore, he would not be the first human being. In this passage, angels are
depicted as saying that human beings will cause corruption and shed blood on
Earth. However, the succeeding passages could be interpreted to suggest that their
knowledge is limited. Therefore, their statements that people would shed blood and
cause corruption would have to be based on prior observation. If they had an
opportunity to observe human behavior before the creation of Adam, then he would
not have been the first human being. From this, these Muslims conclude that there
must have been people on Earth before Adam. If Adam were not the first human
being, then these verses could be interpreted to argue against special creation of
human beings, and could further be interpreted as not precluding the idea that
human beings evolved.

In a more traditional exegesis of this passage the term khalifah is interpreted to
mean “vicegerent” or “steward,” rather than “successor.” According to this inter-
pretation, the angels had not observed humans before Adam, but instead had
observed the jinn, or unseen beings, before the creation of Adam. According to this
interpretation, the angels’ assessment of human beings was based on their obser-
vations of unseen beings and not on observations of humans who lived prior to
Adam. When interpreted in this manner, this passage does not have any bearing on
the evolution of humans.

The following hadith from Sunni sources describing the creation of Adam can be
interpreted to support microevolution of human beings, because it seems to suggest
that people have decreased in average height since the time of their creation.

Allah created Adam, making him 60 cubits tall. ...People have been decreasing in stature
since Adam’s creation.”

The purported decrease in stature of people since the time of the creation of Adam
could be considered a microevolutionary change if interpreted in biological terms.
Some American Muslims use this hadith to justify the idea that humans are subject
to microevolution, even though they do not accept the idea that humans evolved
from non-human ancestors. By accepting microevolution for humans, they can
incorporate both their interpretations of the special creation of Adam and scientific
evidence supporting the idea of evolution of human beings into their schema.
Islamic scholars and organizations. American Muslims’ views on evolution are
influenced by popular scholars whose speeches they hear in person at a mosque or
conference, or on online formats, such as You Tube. What follows is a brief
examination of views on evolution expressed by scholars from the three main

2From Sahih al Bukhari Vol. 4, Book #55, Hadith #543 retrieved from http://sunnah.com/bukhari/
60.
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groups of American Muslims, Sunni, Shi’a, and “just Muslim.” The Ahmadiyya
Movement in Islam and the Nation of Islam are included as representing two of the
earliest American Islamic organizations, and to give a flavor of the diversity of the
American Muslim community. In addition, the views of a Turkish creationist
organization that has widespread influence among American Muslims are exam-
ined. These represent differing positions on evolution that are representative of
those found among American Muslims by people who have widespread influence in
their respective Muslim communities.

Yusuf Estes. One popular internet preacher is Yusuf Estes, a former evangelical
Christian who holds a doctorate in theology. He identifies as “just a Muslim”
because he interprets verses of the Quran that warn against dividing into sects as
precluding him from joining any of the groups of Muslims that exist today. He has
been listed as one of the 500 most influential Muslims, has traveled the world to
lecture on Islam for popular audiences, and has a large internet presence, including
a website that had accumulated more than 13 million unique hits as of 2011
(Schleifer, 2011).

Estes (2009) takes a strictly creationist stance, claiming that the theory of evo-
lution “lacks any real, testable evidence. The most we can come up with is not even
a possibility, more or less like a dream that they’re trying to use evidences, mix
them together, stack the deck, as we say, to come up with something” (Estes, 2009).
He raises issues that he feels disprove the idea of evolution, such as, “If we evolved
from monkeys, how come we still have monkeys?” (Estes, 2009). Such arguments
are quite similar to those raised by Christian creationists. Perhaps Yusuf Estes finds
them attractive in part because of his background as a former evangelical Christian.
Estes sees evolution as part of a strategy used by atheistic scientists to turn believers
away from God. Estes (2006) even goes on to suggest that since evolution is so
nonsensical, scientists must have some sort of ulterior motive for promoting it. He
suggests their desires to publish papers in academic journals and to obtain academic
appointments as possible ulterior motives.

Harun Yahya. Yusuf Estes cites Harun Yahya as one source of his ideas on
evolution. Harun Yahya is a pseudonym used for a popular form of Islamic cre-
ationism originating from Turkey and propagated worldwide using both print and
electronic media (Edis, 2009). Harun Yayha’s arguments are taken from American
creationists and other sources to produce a form of old earth creationism. An
example of a typical argument against evolution from the Harun Yahya corpus is,
“A 450-million-year-old fossil horseshoe crab, no different from those crabs of our
day” (Yahya, 2008, p. 32).

Yasir Qadhi. Yasir Qadhi, the son of parents who immigrated from Pakistan in
the 1960s, is a popular Sunni theologian who teaches Islamic studies at Rhodes
College in Memphis, TN, and is Dean of Academic Affairs and instructor for the
Maghrib Institute. He has been named as one of the 500 most influential Muslims
(Schleifer, 2017). He is well-known among Sunni Muslims in the U.S. and serves
as a speaker at the Islamic Society of North America’s conventions, which draw
over 30,000 participants annually. The so-called Islamic State called for his
assassination because he was one of 126 Muslim scholars who served as signatories
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of a letter condemning their actions as contrary to Islam (Schleifer, 2017). The
video referenced below where he discusses his views on evolution has nearly
25,000 views on You Tube (Qadhi, 2013).

Qadhi (2013) integrates his understandings of both the Islamic faith and the
science behind the theory of evolution. In light of the scientific evidence for evo-
lution he states the following.

So, what the theory of evolution does, it takes these facts — these are undeniable facts — and
then proposes a system that takes into account all these facts.... To say that the theory of
evolution is only a theory ignores the whole point.... The theory of evolution from a purely
scientific standpoint, in my humble opinion, makes a lot of sense.

He adheres to scriptural literalism, which he claims is not a problem for Muslims
because “the Quran is the divine, uncorrupted speech of Allah; it is the literal word
of Allah” (Qadhi, 2013). He reconciles his understanding of the Quranic teachings
with the theory of evolution by making an exception for human beings. He uses
a metaphor to explain this exception.

Imagine if you like, a series of dominoes tumbling, and they’re all going, as we’ve seen on
You Tube clips and what not, going in different directions, having been caused by one
beginning domino, and eventually, if these dominoes continue, one line of that domino will
lead to that domino which is a final domino known as man, because we know that nothing
has been evolved from us. We are the final domino....All of these dominoes came about, all
of these species came about, and right when it was our turn, right when the next domino
should have been our domino, Allah, subhanahu wa ta ‘ala [God, Glorified and Most Highl],
inserted that domino directly, and that’s Banu Adam [Adam’s descendants]. And, of course,
that domino, which is us, fits in perfectly with all the other dominoes, because, why would
it not fit in perfectly? Allah is perfect in His creation, and all of the other species are
evolving the way that they are supposed to, and when it was the right time at the right place,
Allah, subhanahu wa ta ‘ala, placed us where we were supposed to be such that a neutral
observer, who doesn’t believe in Allah, quote unquote a kdafir [non-believing] observer,
would automatically say, “Obviously, this domino comes from the one before it,” and he
has every right to make that claim.

Qadhi (2013) argues that Muslims should not consider scientists as part of some
conspiracy. Instead, they should understand that scientists are operating under a
different paradigm.

In Qadhi’s view all of evolution can be accepted, except human evolution. In this
manner, he can accept the scientific evidence for non-human species without
reservation. By claiming that although human beings are an exception to evolution,
they were created as if they evolved, he can accommodate scientific evidence for
human evolution. He has sophisticated understandings of both nature of science and
nature of religion, so he is able to formulate his position without compromising his
beliefs in either sphere.

Hassanain Rajabali. Hassanain Rajabali is a popular speaker among Shi’a
Muslims, who holds a master’s degree in molecular biology and a degree in psy-
chology from the University of Colorado (Qul, 2014). He is well-known in
American Shia circles, and has traveled the country to give lectures on Islam to both
Shi’a and popular audiences. Videos of these lectures are widely available on Shi’a
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websites. The video referenced below where he discusses his views on evolution
has more than 25,000 views on You Tube (Rajabali, 2008).

He does not think that acceptance of evolution is necessarily contradictory to
having a belief in God (Rajabali, 2008). He explains, “There is no verse in the
Quran where Allah forbids it, and therefore, we have to be silent about it and say
maybe it’s possible.” He reiterates that science and religion are indeed compatible,
because science and religion take different approaches. According to him, science is
basically a tool that people can use to advance knowledge, while religion presup-
poses belief in God, but there is no reason that a person who believes in God cannot
use the tool of science.

From an Islamic perspective, and this is very important for us to understand, we must not
think that science [is a bad thing]. No, science is one of the greatest gifts God has given us.
It’s one of the greatest tools we have been given, and in my opinion, thank God for science!
(Rajabali, 2008).

According to Rajabali (2008), “Evolution is a process; it’s a methodology; it’s a
system.” He claims that although the Quran categorically states that God created
everything, it does not explicitly state the method of creation. Therefore, it is
possible that evolution was one of the methodologies He used.

For Rajabali (2008), the creation of Adam is a sticking point. “The Quran is very
clear on this issue, that Adam was created and placed on Earth” (Rajabali, 2008).
However, a scientist would argue that everything has to be within the system, and
must have come from some branch of some tree, from some predecessor. “I said
that is a system, but it is not the only system,” counters Rajabali (2008). He claims
that one cannot take evolution back to infinity, because it must have started at some
point. Therefore if species were created at some point in the distant past, then it is
not a stretch to say that God created Adam without a predecessor.

According to Rajabali (2008), to reject God outright is to be dogmatic. He argues
that there is no evidence that God does not exist, so, at the most, one could be
agnostic without going beyond the bounds of reason. On the other hand, he thinks
that rejecting the scientific viewpoint outright without examining the arguments in
its favor, on the basis of religion is also being too dogmatic. He believes both the
religious and scientific arguments should be scrutinized to see if they stand up to the
light of reason.

[A]ll these realities have to be met with a clear understanding of a holistic human being
who lives within the spectrum of science, ethics, ideologies, etc., etc., which brings about
the completion of who we are....[I]n reality, it’s not us vs. them, or this vs. that. I think at
the end of the day, they both have a position, and we need to reconcile them. (Rajabali,
2008)

Mirza Tahir Ahmad. Mirza Tahir Ahmad (1928-2003) was the fourth khalifat ul-
masih, or successor to the founder of the Ahmadiyya Movement in Islam (AMI),
Mirza Ghulam Ahmad (1835-1908). He served as a homeopathic physician prior to
his election to the office of khalifa in 1982. Although his views on evolution are
widely known within the AMI, most other Muslims would not be familiar with
them. Ahmad (1998) wrote a book, Revelation, Rationality, Knowledge, and Truth,
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which is widely read and referred to by scholars and speakers within the AMLI. In it,
he explains how his position in favor of evolution of all species is compatible with
his interpretation of the Quran.

Ahmad (1998) believed that evolution, like all other aspects of the natural world,
was under the control of God and that He purposefully directed it. He began his
discussion with the following verses of the Quran:

Blessed is He in Whose hand is the kingdom, and He has power over all things;

It is He Who has created death and life that He might try you - which of you is best in
deeds; and He is the Mighty, the Most Forgiving, The Same Who has created seven heavens
in stages (Tibagan). No incongruity can you see in the creation of the Gracious God. Then
look again: Do you see any flaw? Aye, look again, and yet again, your sight will only return
to you tired and fatigued. (67:2—4 of Mawlawi Sher Ali translation)

He claims these verses demonstrate that there is no contradiction in creation,
because they describe it as not flawed, and also that God creates things via stage by
stage development, as exemplified by the mention of His creation of the heavens in
stages. He connects this to human evolution by stating that this stage by stage
development applies to humans by linking the previous passage to the verse, “That
you [human beings] shall assuredly pass on from one stage [Tibagan] to another”
(84:20). Ahmad (1998) interprets these and other verses of the Quran to mean that
the selection processes that went into the creation of human beings were by the
choice and design of the All-Knowing and All-Powerful Creator, and not by ran-
dom chance or blind necessity.

According to Ahmad (1998), although the Quran was revealed more than
1400 years ago, it contains verses that could not be properly interpreted until the
modern age. Among these are verses that describe the origins of life and the
creation of human beings. It should be noted that although the idea that the Quran
contains verses that somehow presage modern scientific discoveries is common
among Muslims in the West, not all of them would include the theory of evolution
under this umbrella (Guessom, 2011).

Human kind is described in the Quran as having been created from dust, clay,
pottery clay, and dark, fermenting mud. Ahmad (1998) interprets these verses as
referring to early stages in the creation of primordial organic molecules on Earth by
inorganic processes. He contends that these verses refer to the creation of human
beings, because they were the ultimate result of these processes. These processes
would have been reversible in the oceans due to hydrolysis of the resulting
molecules. Consequently, some scientists propose a wet beginning with dry inter-
mediate stages and others propose that the initial stages must have been dry. Ahmad
(1998) goes on to explain that clay has been proposed as a surface that would be
amenable for

an initial or intermediary dry stage. This stage was reached when the oceanic prebiotic soup
was concentrated and dried in the form of laminated micro-thin layers of clay. The Quran is
evidently on the side of those who support a wet beginning with an intermediary stage of
dryness where concentrated primordial soup was moulded into plates like dry ringing clay,
such as broken pieces of earthenware. (Ahmad, 1998, p. 373)
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Ahmad (1998) scoffs at the idea from literalist readings of the scripture that Adam’s
creation from clay signifies that God molded him out of clay and then suddenly
created a human being from that as being as absurd as the idea scientists hold that
human beings were created from a process that proceeds by blind chance. Rather,
he believes it was a slow and deliberate process, under God’s direction, guidance,
and care.

The scenario of natural selection as against the scenario of purposeful design, would require
hundreds of thousands of variant atmospheres, accidentally created by the interplay of
billions of chances over millions of earths, of which only one could be rightly proportioned
to support life on earth....There are many ... verses in the Quran to the ... effect that life
has to be protected by God, every moment of its existence, or it will cease to be. (Ahmad,
1998, pp. 400-402)

According to Ahmad (1998), God is the Creator, but uses the process of evolution
to bring living things into existence. He is involved in every step; nothing proceeds
by blind chance. Ahmad (1998) claims that this is evident in the fine-tuning of such
structures as transport proteins in cell membranes and also of the universe as a
whole, configured precisely so that it could produce a planet that would support life.

Nation of Islam. Although the Nation of Islam is a minority group with only a
few tens of thousands of the more than two million U.S. Muslims, their charismatic
leader, Louis Farrakhan, has an influence that extends beyond his religious com-
munity to African-Americans in general. The video referenced below where
Farrakhan discusses his views on evolution has well over a million views on You
Tube.

The position of the NOI is that Darwin’s theory of evolution was concocted to
cover up the true origins of human beings. According to Farrakhan (2013), White
people “would rather say that they are the descendants of apes rather than admit that
the Black man and woman is their father and mother.”

I understand by God’s grace the teachings of the honorable Elijah Muhammad and why
these teachings must be spoken to White people, to yellow and brown people, to every
human being on the earth. Everyone must know the Black Man, because to know the Black
Man is to know something of yourself. You cannot know the tree as well if you just study
the fruit. You must also study the root. Now, we said ... historically speaking, anthropo-
logically speaking, genetically and biologically speaking, there is no human being on the
earth that predates the Black man and the Black woman. Now, you may wish to argue, but
there is no argument. The honorable Elijah Muhammad asked us the question, who is the
original man? And he gave us the answer. The original man is the Asiatic Black man, the
owner, the maker, the cream of the planet earth, the God of the universe....

... Notice in the answer, the word “Africa” never is mentioned. The original man is not the
African Black man. The original man is the Asiatic Black man.... In the lessons given to us
by the Honorable Elijah Muhammad, I repeat, Africa is not mentioned....The question is
asked, why does the devil call our people Africans? Now, he didn’t say why do we call
ourselves Africans. Um mm. He said why does the devil call our people Africans? Now, by
devil we mean the Caucasian people, nobody under the ground, getting ready to burn you
after you are dead, the White man on top of the ground burning you while you are alive....
Why does the devil call our people Africans?... To make our people of North America
believe that the people on that continent are the only people that we have, and that they are
all savage. Every time they show Africa, they attempt to show you our people in a savage
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condition. They want you and me to focus our minds on that continent and that continent
alone.... They do this to try to divide us. We have Black people that have been all over this
Earth and have settled everywhere on the Earth. You may not know it, but there are Black
people in China, Black people in Japan, Black people in Korea, Black people in India, ... in
Fiji, in new Zealand, in Australia, Black people in Indonesia, ..., in the Hawaiian islands,
Blacks there. When you come to North America, we came here before Columbus. There is
a sign that Blacks were here in the Americas long before Christopher Columbus was even a
thought in the mind of his father. ...

So to understand that it was a White man that named the continent of Africa Africa, and we
predated the White man, then what was it called before the White man named it Africa? The
honorable Elijah Muhammad said the original people called the planet Asia. The whole
planet was once called Asia, not just that one part over there that is called Asia today, but
all of it was Asia. The part that you call Europe was called Asia. Some of the old maps
called it Eurasia. ...

So now if we are the original inhabitants of the earth, and we are, and our color as the first
creatures of almighty God coming up out of darkness, the honorable Elijah Muhammad
said we take our color from the darkness out of which we originated, so we are Black,
symbolizing that we are the first human beings, and from us came all other human beings.
That is the teaching of the honorable Elijah Muhammad, and you, Black man, and you,
Black woman, if there were no people before you and you were the first of God’s creation,
then you are a direct descendant of the originator of the heavens and the earth. Therefore
the nature of God is your nature, and if you are left alone and fed properly, spiritually,
mentally, morally, you will grow up into God Himself. So, the Bible in the book of Pslams
said, Ye [you] are all gods, children of the most high God. (Farrakhan, 2013)

According to Farrakhan (2013) the Asiatic Black man, a direct descendant of God,
was the original human being. White people were descended from the Asiatic Black
man.

Timothy Muhammad (2013), writing for the Nation of Islam Research Group,
explains the origin of White people from “the Aboriginal People of the Earth; the
Dark People of the Earth—The Black Man and Woman of the Earth from which
every species of human being has come.” According to Muhammad (2013), it is
these aboriginal people that are referred to as “Us” in the Bible when it says, “Let
Us make man in our image and after our likeness.” That White people were derived
from them is supported by recent scientific evidence that the White race was born
when “a major genetic alteration occurred exactly 6,600 years ago.... [TThe White
race is a young race—a ‘new man’ who, as the Honorable Elijah Muhammad has
said, ‘came from us, but he is different from us.”” He continues that people had
civilization and advanced scientific knowledge long before the White race came on
the scene.

Muhammad claims that Darwin’s theory of evolution was devised to cover up
the fact that the White race was “selectively bred into existence” and to place
“doubt in the minds of the Black professional class ... about the true reality of the
Original Man, Who is God.” Muhammad (2013) concludes that, “the theory of
evolution is not an empirical science, but a “false knowledge,” made up of racist
doctrines whose aim and purpose is to deny and cover up the reality of the original
people, who are God.” He then goes on to question the logic of believing “a people
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who called ‘Us’ three fifths of a human being. We cannot and should not believe
and follow the white supremacist model of education that our former slave masters
and their children have foisted upon us.”

In NOI thought Darwin’s theory of biological evolution is antithetical to belief in
God and does not tell the true story of the history of human beings, but is instead
being taught to cover it up. They contend that Black people were not descended
from apes, but, rather, had noble origins. They claim that White people, on the other
hand, had ignoble origins, as they were selectively bred into existence, and had to
be taught and civilized by Black people before they could make any advancements
or achievements or develop a civilization.

2.3 Suggestions to Improve Evolution Education
in the United States

2.3.1 Pedagogical Implications for Evolution Education
of American Muslims

In light of the foregoing discussion of American Muslims’ views on evolution,
some pedagogical implications of these views for both K-12 and post-secondary
education are examined here. Research into specific pedagogical strategies for
Muslim students in the American context is currently lacking, so the intent of this
discussion is to start a conversation and to suggest areas for further research.

Place of evolutionary theory in the curriculum. In the U.S., K-12 state and
national science curricula are typically spiraled, so that concepts are introduced in
elementary school, and then successively elaborated on in middle and high school.
An example of a widely-used set of standards on which to base curricula is the Next
Generation Science Standards (NGSS) (NGSS Lead States, 2013). Although they
were intended to serve as national standards, fewer than 20 states have adopted
them so far. Even so, state standards on evolutionary biology generally follow a
similar sequence. The NGSS recommend that on the elementary level, biodiversity
is introduced in second grade and differential survival is introduced in third grade.
In middle school, students learn about biological evolution by studying the fossil
record and how this can be used to infer common ancestry. They also examine
evidence for evolution from embryonic development and selective breeding. In high
school, students infer common ancestry through macromolecular evidence, and
study the mechanisms of natural selection and how it leads to adaptation of
organisms to their respective environments.

Treatment of microevolution and macroevolution. Regardless of the position
that American Muslims take on macroevolution, in the main they accept
microevolution. For this reason, it might be beneficial to start with microevolution
when teaching evolution. Once students have a grasp of the role of natural selection
in producing microevolutionary changes, then macroevolution could be introduced.
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This sequence might be difficult to implement for K-12 education in the United
States, however. The sequence that is commonly taught, starting with evidence for
macroevolution and then teaching microevolution, is the reverse of what I am
suggesting here.

However, some have suggested that natural selection deals with abstract con-
cepts, such as genes, while macroevolution can be deduced from the fossil record,
which is more concrete. Therefore the sequence of dealing with macroevolutionary
changes in middle school and microevolutionary changes in high school is perhaps
best suited to students’ cognitive abilities at these levels (Jackson, 2007). As this
sequencing by grade level in national and state standards is unlikely to change,
perhaps high school teachers, who would normally be tasked with teaching
microevolutionary changes to their students, could begin their units on evolution
with this material, and then move on to the macroevolutionary topics, which are
harder for students to accept, after they have mastered microevolution.

At the post-secondary level where macroevolution and microevolution are taught
together, it would be easier to sequence the course to start with microevolutionary
changes before dealing with macroevolutionary ones. One of my colleagues has
successfully used this approach with religious Christian students (S. W. Seagle,
personal communication, March 1, 2017). He reported that in the past he frequently
had some of his religious students express their concern to him in response to
learning about evolution by coming to his office hours and offering to pray for him.
He changed the sequencing of the evolution unit by introducing his students to the
more easily accepted microevolutionary concepts before delving into macroevo-
lution. He reported that after this change his students no longer feel the need to
express their concerns to him in response to this unit. As this tactic has been
successful with religious Christian students in the American context, it is a
promising line of inquiry to pursue with Muslim undergraduates as well.

It would also be important to help students understand the distinction between
microevolution and macroevolution, rather than simply using the more ambiguous
term “evolution” as a catch-all. The terms “macroevolution” and “microevolution”
are not generally introduced until high school in the U.S. For example, a popular
middle school life sciences textbook, Prentice Hall’s Life Science, deals with bio-
logical evolution without mentioning these terms (Padilla et al., 2009), while Holt
Mc Dougal’s high school textbook, Biology, uses the term “microevolution” in a
discussion of natural selection (Nowicki, 2010). At the college level, the terms are
used extensively. For example, Campbell’s Biology, the most popular college level
general biology textbook, uses the terms “macroevolution” and “microevolution”
repeatedly in its treatment of evolution (Urry et al., 2017). Raven and Johnson’s
(2002) Biology uses these terms in its discussion of evolution as well, and Brooker
and colleague’s (2011) Biology uses them in section heads as well as in the text.
Therefore, it is reasonable to expect that K-12 teachers would be familiar with these
terms from their college biology courses. Since these terms are common in both
high school and college level biology textbooks, making this distinction could be
easily implemented at both levels.
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From a pragmatic standpoint many of the important practical applications of
evolution, such as preventing antibiotic resistance in human pathogens or formu-
lating flu vaccines, rely on understanding of microevolutionary changes, so
stressing microevolution would probably not have serious negative practical con-
sequences for people who go on to study further in biology.

Countering creationism. Addressing evidence that directly refutes Christian
creationist arguments and their old-Earth variants promulgated by Harun Yahya
could prevent some students from being swayed by these types of arguments. For
example, explaining how some ancestral forms, such as lemurs, co-exist with
descendent forms, such as monkeys, in the present day could counteract arguments
such as, “If humans are descended from apes, why are there still apes?” Teaching
amendments to evolutionary theory, such as the idea of punctuated equilibrium,
could counteract arguments that evolution does not happen because there are some
extant species that do not appear to have changed appreciably in hundreds of
millions of years when compared with their fossil counterparts. Helping students to
understand theory-laden NOS could help counteract the idea the Charles Darwin
had an “agenda” in a way that other scientists do not. Helping students understand
other NOS concepts, such as the nature of scientific theories, the logic of testing
scientific theories, the validity of observationally based theories and disciplines, and
the use of inference and theoretical entities in science, might help counteract other
creationist arguments on weaknesses in Darwin’s theory (Clough, 1994; Smith,
2010). Teaching the history of the development of evolutionary theory and the
manner in which it has been critiqued from within the scientific community and
how these criticisms have been dealt with based on scientific evidence could also be
useful in countering these “holes in the theory” arguments. This need not entail
even mentioning the creationist counterparts to these arguments, and I do not
suggest bringing these into the science classroom. However, the teacher could have
these in mind when designing lessons to arm students with information that could
counteract these arguments when students encounter them outside of science class.
The foregoing is intended as a brief suggestion of possible strategies that could be
employed in the classroom, rather than as an exhaustive list of possible creationist
arguments and methods to counter them. The intention here is to start a dialog on
the usefulness of these strategies and to suggest avenues for future research.

Modeling how to negotiate the relationship between science and religion for
students. U.S. textbooks at both secondary and post-secondary levels commonly
recommend teaching an independence view of the relationship between science and
religion, and this view is commonly expressed in the biology departments of
American colleges and universities. This is due in part to the influence of
Stephen J. Gould (1997) who espoused the independence view by claiming that
science and religion have “non-overlapping magisteria.” He explains, “The lack of
conflict between science and religion arises from a lack of overlap between their
respective domains of professional expertise—science in the empirical constitution
of the universe, and religion in the search for proper ethical values and the spiritual
meaning of our lives.” This viewpoint is recommended to counteract the conflict
view to help religious people to accept the theory of evolution.

RMoore @umn.edu



34 K. E. Fouad

However, there are some problems with this approach. Many Muslims think of
science and religion as integrated rather than as independent, for example, the
influential Muslim scholar Yasir Qadhi discussed above. The majority of the the-
istic evolutionists who took part in a qualitative study on American Muslim
undergraduates had an integrated view of the relationship between religion and
science, while only a small minority of all respondents used independence to
negotiate this relationship (Fouad, 2016a). A couple of the respondents who used
integration expressed their opposition to using independence instead, at the urging
of a teacher or a parent, because this simply made no sense to them.

Similar difficulties exist for non-Muslim theistic evolutionists. For example the
noted geneticist Francis Collins stated the following in response to Gould’s
position.

That doesn’t work for me. To me, being a scientist who is also a believer is a wonderful,
comforting, harmonious experience, so that as a scientific discovery looms into view (and
we scientists have the chance to do that from time to time), it is both a remarkable moment
of realizing that you’ve discovered something that no human knew before, but God knew it,
and so you are both experiencing discovery, and also a chance to glimpse just a little bit of
God’s mind. For me, that is just a privilege and a wonderful experience not to be missed.”
(Flato, 2006)

For these reasons, it might be preferable to give students examples of different
ways of thinking about the relationship between science and religion rather than
insisting that everyone take the independence view. Presenting more than one way
of negotiating this relationship would make it more likely that students would find a
method that is suitable for them.

Smith (2010) advocates a related approach in his review of evolution pedagogy.
He suggests explicitly introducing students to Barbour’s (2000) typology and
inviting them to reflect on how their personal positions relate to these categories.
Smith (2010) states, “at least in classrooms with substantial numbers of students
from religiously conservative backgrounds, it is my opinion that the largest barriers
to studying and learning about evolution are the philosophical and religious issues
involved.” Therefore he advocates an explicit, reflective examination of nature of
science as well as a discussion of the ways in which religious people can negotiate
the relationship between science and religion.

Muslim scientists as role models for accepting evolution. Muslim scientists
and anthropologists who are currently working to push the boundaries of our
knowledge in the field of evolution could potentially serve as role models for
Muslim students (Hameed, 2013). As people who have found successful strategies
for negotiating the relationship between science and religion, they can serve as
examples of how to accept evolution by natural selection as a mechanism for the
production of biological diversity in general and of human beings in particular
while still maintaining an active faith.

Ehab Abouheif. One such researcher is Ehab Abouheif who holds the Canada
research chair in evolutionary biology at McGill University (Verdone-Smith, 2015).
His collaborative research group focuses on the evolution of ants. He has authored
numerous publications in prestigious journals, including Science (Abouheif &
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Wray, 2002) and Proceedings of the National Academy of Sciences (Smith, et al.,
2011). He discusses his position on the scientific evidence for evolution.

There’s a lot at stake here, because it’s well beyond evolution. If it’s not about the evidence,
if you reject science, if you reject evolution as a science and you’re not willing to listen to
evidence, then that means that for all of science, when it comes into contact with socio-
logical, political conflicts, then you won’t believe it either. (Farell, 2012, para 7)

He stressed the importance of Muslims studying evolution so that they could be
innovators of science and technology and not just consumers.

Fatimah Jackson. Fatimah Jackson (2015) conducts research at Howard
University on microevolutionary changes that lead to human diversity and on
human-plant co-evolution. She has published in Science (Jackson, Lee, & Taylor,
2014), and other scientific journals. On accepting evolution she stated, “I studied
evolution before I accepted Islam. It was no hindrance for me to become Muslim”
(thedeeninstitute, 2013). She negotiates the relationship between science and reli-
gion by seeing them as independent.

Remember, science, especially evolutionary science, is designed to tell you how things
change, not why. Why comes from our Islam. You know, when we want to know why
something happened we go to the Islam. (thedeeninstitute, 2013)

She uses a metaphor to describe her position as a theistic evolutionist.

Look at the similarities, the genetic similarities among all of the life that has been created.
That is a sign of the signature of a single artist... you would never confuse a Monet painting
with a VanGough. You would never confuse it, because every artist has a signature, has a
style of presenting their creativity, and the style that we see is in the unity of the genetic
message across all living species on this planet. (thedeeninstitute, 2013)

Researchers such as Fatimah Jackson and Ehab Abouheif could serve as role
models for Muslim students on how to successfully negotiate the relationship
between religion and science to accept biological evolution. The role models for
negotiating this relationship would not necessarily have to be Muslims themselves.
People from other faith traditions who have successfully negotiated this relation-
ship, such as Francis Collins as quoted above or Theodosus Dobzhansky in his
seminal 1973 article “Nothing in biology makes sense except in the light of evo-
lution” could also potentially serve as role models for Muslim students.

Abu Uthman al-Jahiz. Historical figures from the Golden Age of Islam, such as
Abu Uthman al-Jahiz (781-869) are another possible source of role models for
Muslim students. He was a prolific writer on many subjects, including animals
adapting to their environments. His work was known to European scientists,
including Lamarck. Such scientists who contributed their proto-evolutionary the-
ories to the discourse on evolution are often overlooked in science textbooks. Since
their ideas were foundational to modern Western science and some history of
evolutionary thought is normally presented in lessons on evolution in textbooks and
in the classroom in the U.S., it would be fairly easy to include them in discussions
on evolution.
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Further justification. In the United States, proponents of creationism attempt to
undermine evolution education using three tactics (Berkman & Plutzer, 2015). One
is to exploit common misconceptions in NOS understandings by suggesting that
there is some controversy surrounding evolutionary theory in scientific circles.
Another is to suggest that since a controversy exists, it is only “fair” to teach both
sides. A third is to promote the idea that religion and science are incompatible.

Some American high school biology teachers have been susceptible to these
tactics (Berkman & Plutzer, 2015). They may attempt to avoid controversy in their
classrooms by concentrating on microevolution without mentioning macroevolu-
tion, by discussing evolution of microbes while avoiding that of humans, or by
using terms such as “adaptation” or “change over time” in place of evolution. They
may discuss creationist views in their classrooms in the interests of “fairness.”
Some tell students that they must learn about evolutionary theory because it is
included in standardized tests, but without advocating for it on the basis of the
scientific evidence that supports it.

It is important to note here that the pedagogical strategies mentioned above
could potentially counteract these three creationist tactics. Therefore, they should be
implemented in the context of a scientifically robust evolution unit.

The suggestion to begin the evolution unit with microevolution and then follow
that with macroevolution once students have mastered natural selection is not meant
to suggest that macroevolution should be de-emphasized in the treatment of evo-
lution in either the high school or university biology classroom. Rather, it is meant
to suggest that since most American students, whether Muslim or not, are willing to
accept microevolution, they may be more inclined to learn about evolution if this is
used as the gateway to the unit. Beginning the unit with those aspects of evolution
that they are more likely to reject may turn them off of the subject entirely and
prevent them from learning even those aspects that they might otherwise accept.
The suggestion to stress to students the distinction between microevolution and
macroevolution is meant to introduce proper terminology to students.

In the United States the courts have ruled that it is unlawful for public schools to
promote religious views or to teach creationism or its variants, such as intelligent
design, in the classroom (NRC, 2008). This is one reason that it is important to
avoid mentioning creationist arguments in the science classroom, even while
teaching material that could serve to counter these arguments. Another is that
mentioning creationist arguments in the classroom could confuse students by
making it appear that there is indeed a controversy about the science behind evo-
lutionary theory (Clough, 1994). These are reasons to include both the scientific
evidence and informed NOS views that would help students to counter these
arguments should they encounter them, but not to include the creationist arguments
themselves in the science classroom.

Although advocating for a particular religious viewpoint is not allowed in
American public schools, teaching students about religion is not prohibited.
Introducing students to the views of people who have used varying strategies to
negotiate the relationship between science and religion would be allowable as long
as the teacher refrained from promoting or advocating for one of these positions. In
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addition to the benefit mentioned above of giving students examples of these
strategies to help them find one that may work for them, this serves to counteract
the creationist strategy of promoting the false idea that religion and science are
necessarily incompatible.

2.4 Conclusions

Regarding acceptance of evolution, there are some ways in which American
Muslims are similar to other Americans and other ways in which they differ. Rates
of acceptance are similar. Also similar is the way that American Muslims differ in
their views on evolution, forming three groups: those who accept both
macroevolution and microevolution for all species, those who accept macroevo-
lution for all species except humans, and those who reject macroevolution for all
species, but could accept microevolution for all species. Another similarity is that
people who have one way of negotiating the relationship between science and
religion may be resistant to adopting another method of negotiating this
relationship.

American Muslims differ from their compatriots in some important ways. They
are far more likely to accept an old age for the Earth, even if they do not accept
evolution as the best explanation for the appearance of new species. A related
concern, that Noah’s ark would have served as a bottleneck for species, with their
subsequent development from kinds, is mostly absent for American Muslims.

There are several pedagogical implications of these views for Muslims. One is
that curricula at the secondary and post-secondary levels could be sequenced to
teach microevolution before macroevolution in order to accommodate those stu-
dents who accept the former, but not the latter. This would benefit non-Muslim
students who reject macroevolution as well.

A robust treatment of important NOS concepts, including theory-laden NOS, the
nature and logic of testing scientific theories, the validity of observationally based
theories and disciplines, and the use of inference and theoretical entities in science,
could help both Muslim and non-Muslim students avoid common misconceptions
about evolutionary theory that are often exploited by creationists in formulating
their arguments against it. Helping students understand how evolutionary theory
has been modified over time to enhance its explanatory power, and providing more
robust explanations of the nature of lineages could potentially counteract other
common creationist arguments against evolution.

It could be useful for both Muslim and non-Muslim students to introduce them
to different methods of negotiating the relationship between religion and science,
rather than expecting that only one method will work for all students, since there are
multiple ways that people have successfully negotiated this relationship in order to
avoid conflict. Introducing Muslim students to practicing Muslim evolutionary
biologists and to Muslims from the past who developed proto-evolutionary theories
might help them to view acceptance of evolution in a more favorable light.
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Chapter 3 M)
Project Teach Evolution: Preparing e
Biology Pre-service Teachers to Teach
Evolution in Missouri, U.S.A.

Patricia J. Friedrichsen, Larry G. Brown and Johannes Schul

Abstract We highlight our evolution education efforts in the state of Missouri,
United States of America. Acceptance of evolution among Missourians is compared
to results from a national survey; the religiousness, education, and age of
Missourians help explain state and national differences. To further examine regional
influences in the state, a brief history of the Ozarks region and its culture are
included. Anti-evolution efforts in the state are examined through the frequency of
anti-evolution legislative bills and the state science standards. The authors describe
their evolution education efforts, focusing primarily on a hybrid evolution content
and pedagogy undergraduate course for pre-service biology education students.
Course curriculum, assignments, and assessments are described. Challenges
teaching the hybrid course include differing science teaching orientations of the two
instructors, as well as a tension between the emphases given to content versus

pedagogy.

3.1 Introduction

“More than four in 10 Americans continue to believe that God created humans in
their present form 10,000 years ago, a view that has changed little over the past
three decades” (Newport, 2014, p. 1). Beginning in 1982, Gallup has conducted the
Values and Beliefs survey every two years in the United States (Newport, 2014).
Over this time span, the percentage of individuals holding a creationist position has
stayed fairly stable, varying only in the range of 40-47%. The remainder of
Americans believe human evolution occurred, but they are divided as to whether
God was involved in guiding the process. The theist evolution position has dropped
from 38% (1982) to 31% (2014), while the secular evolution position has risen from
nine percent (1982) to 19% (2014). “Historically, Americans’ views on the origin of
humans have been related to their religiousness, education, and age” (Newport,
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2014, p. 1). Younger Americans, who tend to be less religious, and Americans with
college degrees are more likely to have an evolutionary viewpoint on the origin of
humans (Newport, 2014).

3.2 Public Acceptance of Evolution in the State
of Missouri

The United States of America is the third largest country in the world, based on land
mass, encompassing over 3.8 million square miles (NationMaster, n.d.). Regional
and state differences exist within this large, diverse country. Therefore, in this
chapter, we focus on one state, Missouri, located in the Midwestern region of the
country. In 2015, Missouri’s population was approximately 6 million people, com-
prised of 80% White, 12% Black or African American, 4% Hispanic or Latino, 2%
Asian, and 2% identified as two or more races (United States Census Bureau, n.d.).

How does the state of Missouri compare to the country as a whole in regard to
acceptance of evolution? According to the 2014 U.S. Religious Landscape Study,
38% of Missourians indicated humans and other living things have existed in their
present form since the beginning of time in comparison to 34% nationally (Pew
Research Center, 2017). In Missouri, 25% indicated humans and other living things
evolved due to God’s design, equal to the percentage held by all Americans.
Twenty-nine percent of Missourians surveyed held a secular evolution position in
comparison to 33% nationally. Of the remainder of the Missourians surveyed, 4%
indicated life evolved, but do not know how, and 3% did not know or refused to
answer this question (Pew Research Center, 2017). According to the results of this
survey, the percentage of Missourians holding creationist views is slightly higher
(4%) than the national percentage.

The religiousness, education, and age of Missourians help explain this trend
(Newport, 2014). According to the 2014 U.S. Religious Landscape Study, the
religious composition of Missouri adults includes: 77% Christian, 20% unaffiliated,
and 3% non-Christian faiths. Within the Christian category, the largest sub-groups
are: evangelical Protestant (36%), mainline Protestant (16%), and Catholic (16%).
Eighty-two percent of Missourians say that religion is either very important (56%)
or somewhat important (26%) (Pew Research Center, 2017). In regard to college
education, Missouri is slightly below the national average. In 2011, 36.4% of
Missourians attained at least an associate degree (two-year college degree) while
the national average was 38.7% (Lumina Foundation, 2013). In 2010, the median
age of Missourians was 37.9 years. The state population is aging; in 2000, the 45—
64 age group comprised 22% of the total population, and, in 2010, this age group
increased to 27% (Missouri Economic Research and Information Center, March
2012). These statistics support Newport’s findings that older, religious individuals
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without a college degree are more likely to hold creationist views. In the next
section, to further understand these statistics, we explore the culture of an
influential region in the state, the Ozarks.

3.3 Ozarks History and Culture

“The Ozarks is one of the America’s great regions, set apart physically by rugged
terrain and sociologically by inhabitants that profess political conservatism, reli-
gious conservatism and sectarianism, and strong belief in the value of rural living”
(Rafferty, 1988, p. 1). The Ozarks region covers a large portion of southern
Missouri and northern Arkansas. By 1830, this region was settled by Scots-Irish
immigrants who moved westward, extending Appalachia to the Ozarks.
Experiencing the similar rocky and thin soils as Appalachia, and the difficulty of
farming, they continued their “slash and burn” subsistence agriculture and their
itinerant ways, living in relatively isolated small groups. The culture developed
with an attitude for low taxes, few schools and libraries, and less literacy. They
considered themselves honest farmers, as opposed to wealthy land-holding aris-
tocrats, keeping a certain distrust of political parties and governance they perceived
were used to control morality. Hence they maintained social distance from most
national institutions, centering their life in family and the local community
(Woodward, 2011).

Religious belief and behavior significantly contributed to the independent,
emotional, and locally authoritarian aspects of Ozark culture. These patterns have
roots in Scots-Irish Calvinism and the revivalism of 17th century British Isles
where plain worship, individual moral behavior, and a more effective role of laity
was emphasized. In Appalachia and the Ozarks, this faith was expressed in an oral
folk/traditional religion that rejected previous institutional patterns. Revival meet-
ings began in North Carolina and Kentucky, and spread westward, including
Methodist, Presbyterian, and Baptist leaders, which in turn influenced the begin-
nings of the Christian Church, the Shakers, and the Cumberland Presbyterian
Church. The public ritual of immersion baptism was advocated, in which adults
made the decision to define and express their own faith. This new “mountain
religion” became a status movement, a multiplicity of equals (McCauley, 1995).

Baptist, Cumberland Presbyterian, Methodist, and Christian (Disciples of Christ)
denominations became the voice of righteousness and morality. Congregations
developed flexible, decentralized patterns, primarily under lay leadership and
itinerant clergy, and perpetuated camp meeting revival evangelism. Today one can
still observe camp meetings, fellowship gatherings, springtime baptisms, and other
social occasions centered in local congregations (Blevins, 2002).

During the 19th century, other religious communities formed out of the Manifest
Destiny narrative, which called for pioneers to develop the new lands of the West,
as they perceived God intended. The Stephenites (later Missouri Synod Lutherans),
Mennonites, Mormons, and others forged new identities out of new inspirations in
a new land. This strain of separatist, idealist communities nurtured in the freedom
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of the frontier was another powerful influence on the religious formation of the
Ozarks in the subsequent century (Cherry, 1971).

Greater Appalachia and Ozark religiosity also served to separate it from Yankee,
Midland, or Deep South expressions of faith. However, Ozark faith did share central
theological tenets with the Deep South from late 19th century, through the 1920s
and 30s, into the present. Southern Evangelical Christianity emphasized the private
dimensions over the larger community/national dimensions of faith expression with
such beliefs as: personal salvation from a sinful world and redemption from the
oppression of the present era. The Ozarks joined the Deep South in its opposition to
modernism, standing on a platform that included Biblical inerrancy and the teaching
of religion, not science (Woodward, 2011).

The Ozarks embraced the Fundamentalist trend in the early 20th century, with
anti-evolution campaigns, organizing Bible colleges and Bible Fellowships, and
supporting Fundamentalist and Evangelical radio preachers and their organizations.
Into the 1990s and to the present, there is significant support for creationism, prayer
in school, abstinence-only sex education, bans on abortion, and state and local
rights. Religion became the last best refuge of family, community, and traditional
ways (Woodward, 2011).

The Ozarks Region is also shaped by the persistent belief that this region has a
sacred quality. Harold Bell Wright’s (1907) book, The Shepherd of the Hills,
contributed to this perception of sacredness. Wright was part of the Country Life
Movement that envisioned rural locations as the best of all worlds for fostering
healthy living and democratic values. Soon thereafter Chautauqua and YMCA
camps located near Branson, Missouri, and Eureka Springs, Arkansas. Various
Christian denominations also built camps for conferences, retreats, and educational
events. Springfield, Missouri, became a center of revival faith, as represented by the
world headquarters of The Assemblies of God, a Pentecostal denomination founded
in the Ozarks (Morrow & Myers-Phinney, 1999).

After the rising popularity of Wright’s Shepherd of the Hills (Wright, 1907) and
his other books, tourists came to the Branson area to see the sites and the people
that inspired his work. Religious spectacles were established at Branson and Eureka
Springs in the form of outdoor pageants and dramas. Caves, springs, clear mountain
streams, and mountain vistas all provided settings for inspiration and spirituality to
those seeking it. Tourism developed by melding conservative Christian values with
musical entertainment, all cast in the reimagined country culture of the Ozarks.
“Christian” entertainment venues came into being during the boom years of the
1980s and 1990s, giving such places as Branson the iconic landscape of religious
nationalism. Branson hosts the country’s largest Veteran’s Day celebration, has
centers for the Trinity Broadcasting Network and Focus on the Family, as well as
Camp Kanakuk, the largest Christian athletic camp in the United States. Branson
continues to represent the Ozarks as a sanctuary for religious pilgrims who seek a
largely protestant, Anglo-Saxon, working and middle class, rural-imaged faith that
encourages evangelical economic prosperity. This quest is often framed as a
backlash against progressive secular culture (Ketchell, 2007) which is often rep-
resented in anti-evolution bills in the state legislature.
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3.4 Influence of Anti-evolution Movements in Missouri:
Legislative Bills

From 2004 to 2016, 14 anti-evolution bills were introduced in the Missouri House
of Representatives; although none of these bills became law (http://www.house.mo.
gov/billcentral.aspx). Over time, the strategy and wording of the bills have evolved.
In 2004, House Bill (HB) 1722 called for equal treatment of science instruction
regarding evolution and intelligent design. Beginning in 2008, anti-evolution bills
were labelled as “Teacher Academic Freedom” bills, and, in 2012, a critical anal-
ysis of the evidence of biological and chemical evolution became the focus.

3.4.1 Place of Evolutionary Theory in the Curriculum:
Missouri Standards and Teacher Practice

In the United States, there is no mandated national K-12 curriculum; each state sets
its own educational standards, as well as selects and supervises standardized testing.
The Missouri Science Standards, at the high school level (grades 9-12), are
assessed by a state-mandated exam only in biology, and not in the other science
disciplines. Students typically enroll in biology courses in 10th grade (16 years
old). Beyond the state standards and the state-mandated biology assessment, each of
the 550 school districts in Missouri write their own curriculum, determine
instructional approaches, and select textbooks and other instructional materials for
the school district.

Prior to 2017, the Missouri Science Standards were referred as Course Level
Expectations (Missouri Department of Elementary & Secondary Education [DESE],
2008). Table 3.1 shows the section related to evolution at the high school level.

The Fordham Report State of State Science Standards 2012 reviewed individual
states’ science standards and identified the “undermining of evolution” as the
number one problem across all states’ standards (Lerner, Goodenough, Lynch,
Schwartz, & Schwartz, 2012, p. 9). In this report, Missouri’s state standards
received a grade of “C” with a score of four out of seven points for content and rigor
and a score of two out of three points for clarity and specificity, resulting in an
overall score of six out of 10. The life science section received a score of six out of
seven; however, the authors note that many of the individual learning objectives
related to evolution are marked with asterisks. An asterisk “indicates the item is
essential to the curriculum of the Course but will not be assessed at the State level.
The indicated expectation should be taught and assessed locally” (DESE, p. 1). So,
although the state does a better than average job including evolution in the biology
standards, the accountability in state testing is missing.

In 2012, the first author conducted three focus groups with teachers [N = 6]
working in rural schools in the state, although more were originally planned. It was
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Table 3.1 Missouri course
level expectations for
evolution

Missouri course level expectations
Biology standards for natural selection

Genetic variation sorted by the natural selection process
explains evidence of biological evolution

A. Evidence for the nature and rates of evolution can be found
in anatomical and molecular characteristics of organisms and
in the fossil record

(a) *Interpret fossil evidence to explain the relatedness of
organisms using the principles of superposition and fossil
correlation

(b) *Evaluate the evidence that supports the theory of
biological evolution (e.g., fossil records, similarities
between DNA and protein structures, similarities between
developmental stages of organisms, homologous and
vestigial structures)

B. Reproduction is essential to the continuation of every species
(a) *Define a species of terms of the ability to mate and
produce fertile offspring
(b) Explain the importance of reproduction to the survival of a
species (i.e., the failure of a species to reproduce will lead
to the extinction of that species)

C. Natural selection is the process of sorting individuals based
on their ability to survive and reproduce within their
ecosystem

(a) Identify examples of adaptations that may have resulted
from variations favored by natural selection (e.g.,
long-necked giraffes, long-eared jack rabbits) and describe
how that variation may have provided populations an
advantage for survival

(b) *Explain how genetic homogeneity may cause a
population to be more susceptible to extinction (e.g.,
succumbing to a disease for which there is no natural
resistance)

(c) Explain how environmental factors (e.g., habitat loss,
climate change, pollution, introduction of non-native
species) can be agents of natural selection

(d) *Given a scenario describing an environmental change,
hypothesize why a given species was unable to survive

Note * indicates the item is essential to the curriculum of the
Course but will not be assessed at the State level. The indicated
expectation should be taught and assessed locally

Source Missouri Department of Elementary and Secondary
(2008). Biology Course Level Expectations. Retrieved from
https://dese.mo.gov/sites/default/files/cle-biology-science.pdf

challenging to find teachers in rural schools who were willing to meet and discuss
teaching evolution. In the focus groups, beginning teachers often shared stories of
being confronted by students, saying they did not want evolution taught in their
school. In contrast, more experienced teachers shared information about how, over
time, they had carefully built trust and respect in the community. The experienced
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teachers said they taught natural selection but avoided the “E” word in their classes,
or they waited to teach evolution in upper-level, elective biology courses. In each
focus group, the teachers reminded the first author that evolution was a locally
assessed state standard, indicating they felt no accountability pressure from the state
to teach evolution.

In 2016, a closely-aligned version of the national science education standards,
Next Generation Science Standards (NGSS) (NGSS Lead States, 2013), was
adopted in Missouri. In NGSS, evolution is identified as one of the four disciplinary
core ideas in Life Science. In Missouri, implementation of the new standards will
begin in the 2017-2018 school year, with state assessments scheduled for the 2018—
2019 school year. This new set of state standards has a stronger emphasis on
evolution (introducing adaptation and differential survival in Grade 3, the fossil
record and natural selection in middle school, and common ancestry, evidence for
evolution, natural selection, and speciation in high school), and it remains to be
seen how this will implemented in local school districts in the state. Across the
U.S., 28% of biology teachers are advocates for evolution, 13% advocate for cre-
ationism, while the remaining fall into the “cautious 60%,” who advocate for
neither evolution or creationism (Berkman & Plutzer, 2011). We could find no
published studies of the attitudes of Missouri biology teachers toward teaching
evolution; however, the first author conducted a survey of Missouri biology
teachers’ professional development needs and teaching practices related to evolu-
tion (Friedrichsen, Linke, & Barnett, 2016).

In the survey, Missouri biology teachers who taught evolution (N = 276)
self-assessed their understanding of specific evolution topics, estimated the amount
of class time they spent teaching individual evolution topics, and identified chal-
lenges in teaching evolution (Friedrichsen et al., 2016). Eighty percent reported
having adequate or an in-depth understanding of all the listed evolution topics. In
regard to the most often taught topics, 100% of the teachers reported teaching
natural selection with 93.5% reported spending at least one class period on it.
Sixty-seven percent of the teachers reported spending at least one class period or
more teaching nature of science. The least taught topics and the percentages of
teachers reporting teaching these topics were: human evolution (26.8%),
cladograms/phylogenetic trees (23.6%), origin of life (21.7%), microevolution
(18.8%), and geological timelines (17.4%). The teachers who were teaching evo-
lution reported the two biggest challenges were a lack of good labs and supple-
mental instructional materials. Teachers were also asked to rate their familiarity
with a list of evolution education resources (e.g., Understanding Evolution website
and various NSTA publications); the majority of teachers were unfamiliar with
these available resources.
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3.5 University of Missouri Science Teacher Education
Program

In 2002, when the first author, Pat Friedrichsen, joined the faculty at University of
Missouri, she taught the third science methods course in a three-course sequence.
To demonstrate innovative ways to teach natural selection and help pre-service
teachers (PSTs) understand argumentation, she engaged them with the software
Beak of the Finch (http://bguile.northwestern.edu). She also included readings and
discussions about the nature of science (i.e., scientific laws versus scientific theo-
ries) and the controversy surrounding the teaching of evolution in public schools.
She became aware that some of the biology PSTs held creationist viewpoints and
were conflicted about teaching evolution. Pat was sympathetic to the students’
dilemma, because of their late realization that their personal beliefs conflicted with
high school biology teaching expectations. When Pat explored this issue, she found
that biology education majors were not required to take an evolution course; PSTs
could choose between an evolution course or another course, Community Ecology,
in which the emphasis on evolution varied by the instructor, from little or no
evolution to half of the semester. Berkman and Plutzer (2011) reported, “teachers
who are advocates for evolutionary biology are more likely to have completed a
course in evolution than teachers who are ambivalent about evolution or who teach
creationism” (p. 405). Consequently, the undergraduate biology education and the
post-baccalaureate certification program entry requirements were changed to
require a full semester evolution course.

Pat’s research focuses on science teacher learning with a focus on pedagogical
content knowledge and skill (PCK&S) development. PCK&S is defined as the
knowledge, reasoning, planning, and teaching of “a particular zopic, in a particular
way for a particular purpose to particular students for enhanced student outcomes”
(Gess-Newsome, 2015, p. 36). This line of research is predicated on the under-
standing that content knowledge alone is not enough, and teachers need to develop
a specialized knowledge base in which they transform their content knowledge to
make it comprehensible for learners (Shulman, 1986). Pat began increasing the
number of evolution readings and class discussions in her science methods course,
focusing on common student misconceptions and strategies for teaching evolution.
Berkman and Plutzer (2011) recommend that the best way to influence the “cau-
tious 60%” of biology teachers is to focus on pre-service teacher education. We
agree with this recommendation; however, within the context of our secondary
science teacher education program, it became challenging to meet the diverse needs
of all PSTs. Our science methods courses include PSTs seeking certification in
physics, earth science, chemistry, and biology. Increasing the emphasis on evolu-
tion education in the methods courses resulted in too much emphasis for the PSTs
in the physical sciences and not enough to adequately prepare biology PSTs.

In a review of the literature focused on K-12 teachers and evolution education,
Sickel and Friedrichsen (2013) proposed four goals for biology teacher preparation.
The first goal is to improve PSTs’ evolution content knowledge and includes a list
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of specific evolution concepts found in science standards. The second goal is
improving PSTs’ understanding of the nature of science, with emphasis on the
following tenets: nature of scientific questions, the empirical nature of scientific
knowledge, nature of scientific theories, and the tentativeness of scientific knowl-
edge. The third goal is PSTs’ acceptance of evolution as a valid scientific theory
(not to be conflated with personal acceptance of evolution). The fourth goal has
received little attention in the research literature. It seeks to develop PCK for
teaching evolution, including knowledge of evolution curricula resources; com-
monly held misconceptions and student difficulties in learning evolution; instruc-
tional strategies, including way to challenge students’ misconceptions; and
strategies for assessing student understanding of evolution. To work towards
achieving these four goals and to develop a network of evolution educators in the
state, Pat collaborated with the third author, Johannes Schul, an evolutionary
biologist, in Project Teach Evolution. As part of Project Teach Evolution, Pat and
Johannes co-designed and co-taught a hybrid evolution content and pedagogy
course for biology PSTs.

3.6 Project Teach Evolution: Hybrid Evolution Content
and Pedagogy Course

In this section, we describe the design of the hybrid course, student feedback,
challenges, and future directions. Our course design was informed by the results of
the survey conducted of Missouri biology teachers (Friedrichsen et al., 2016). We
included human evolution, phylogenetic trees, and geological timelines, as these
were some of the least taught topics identified in the survey. We also focused on
including labs appropriate for high school use, and we incorporated evolution
education resources, such as the Understanding Evolution website (http://evolution.
berkeley.edu). We offered this new course as an additional section of the existing
Evolution lecture course, a 3-credit biology course. The course was co-taught in two
evening sessions a week to minimize scheduling issues for biology education
majors. The goals of the hybrid course were for students to develop evolution
content knowledge, develop emerging PCK for teaching evolution, have an
understanding of various anti-evolution strategies (e.g., critical analysis) and criti-
cisms of evolution, and be able to articulate a strong rationale for teaching evolution
in high school biology courses. In Year 1, 15 students were enrolled in the course,
and in Year 2, 11 students were enrolled.
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3.6.1 Course Overview

In the first year, we struggled to meld the evolution content, taught by Johannes,
and the evolution education pedagogy taught by Pat. Initially, Pat tended to teach
pedagogy or discuss the public controversy surrounding the teaching of evolution
during the one-hour Monday evening sessions, while the three-hour block focused
on evolution content (similar to the other sections of the course). Table 3.2 gives an
overview of the course topics and activities, and the separate columns are indicative
of our struggle. Over the course of the semester, we gradually started to find ways
to overlap the content and pedagogy. The required course materials were:
Evolutionary Analysis (Freeman & Herron, 2007), Not in our Classrooms (Scott &
Branch, 2006) and SimBio Virtual Labs Darwinian Snails and Mendelian Pigs
(SimBio.com).

Table 3.2 Course overview year

Week | Evolution content Evolution education content
1 * HIV introduction lecture * Discussion of Berkman and Plutzer (2011,
p. 106) reading
* Overview of misconceptions
* Introduction to Understanding Evolution
website (http://evolution.berkeley.edu/
evolibrary/home.php)
* Activity using Natural Selection Concept
Cartoons (Anderson, 2012)
2 « Selection on HIV treatment * Administered Conceptual Inventory of
» HIV trade-off multi-level Natural Selection
selection (CINS) (Anderson, Fisher, & Norman, 2002)
* Weekly content test * Plant FastPlants for AP Biology Atrtificial
Selection Lab
(The College Board, 2017)
3 » Evidence for evolution: Dog * Nature of Science: Law versus Hypothesis
breeds versus Theory
* Ring species, archaeopteryx * Introduction to state and national high school
» Homology, atavisms, geology biology
» Wallace and Huxley standards
* Weekly content test * Activity: Create posters comparing state and
national high
school evolution standards. Galley walk of
posters
4 * History of life * Discussion of How Science Works website
* Weekly content test (http://undsci.berkeley.edu/index.php)
* Nature of Science and Theory of Evolution
5 * Weekly content test * Introduce Earth Calendar Assignment
* Natural Selection Simulation (Pasta activity)
* Introduction to AP Biology Artificial
Selection Lab 1
(The College Board, 2017).

(continued)
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Table 3.2 (continued)

Week | Evolution content Evolution education content
6 * Natural selection: Four » Reviewing flower structure and pollination
Postulates, katydid research, » FastPlant Artificial Selection Lab: Pollinate
eye evolution FastPlants
» Weekly content test » Student presentations of Earth Calendar using
a second analogy of choice (Ex: football field,
map, dictionary)

» Explore free online natural selection
simulations, students present their critique of
simulations.

7 * Weekly content test * Fastplants
* Discuss creationist objections to teaching
evolution
8  Alleles, Mendelian Genetics * Fastplants
» Hardy-Weinberg * Review correct responses to CINS
« Fitness and Selection * Introduce Milestone Project
* Patterns: Mutation * Discussion: Missouri anti-evolution bills
» Migration: Snakes * Introduce Evolution Teaching Rationale
* Genetic drift, using PopGen Paper assignment
Fishbowl 1 (Jones, 2008)
* Weekly content test
9 » Nonrandom mating * FastPlants
e Tree Lab HIV * Discussion: Not in our Classrooms,
* Primate hemoglobin Chap. 1 (Scott, 2006)
* Weekly content test * Discussion: Understanding evolutionary trees
(Gregory, 2008)
10 * Tree lab choice: HIV and » Student Milestone Presentation: Cambrian
primates Explosion
* Speciation * Discussion: Not in our Classrooms
* Mechanisms of divergence: Chap. 2 (Matzke & Gross, 2006)
Sexual selection * Introduce Evolution Teaching Position Paper
* Origin of life: Eukaryotes assignment
* Mammalian evolution: Ear and
color vision in primates
» Weekly content test
11 * Weekly content test * FastPlants: Plant F; generation

* Student Milestone Presentations: Bony

Skeleton & Jaws, Tetrapods

12 * Weekly content test * Guest speaker on phylogenies

13 * Weekly content test * Activity: Guppy Sexual Selection (Sampson
& Schleigh, 2013)

* Discuss Not in our classrooms
Chap. 3 (Hewlett & Peters, 2006)

14 * Field trip to rock quarry to * Student Milestone Presentation: Dinosaur
collect fossils Radiation
15 * Human evolution * Student Milestone Presentation: Feathers and

» Chimp versus Bonobo evolution
* Weekly content test

Flight, K-T Extinction, Whale Evolution
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In the second year, we modified the course structure to organize it around five
evolution stories: HIV, Evolution of Sex, the Dover Trial, Mammalian Evolution,
and Human Evolution. The Dover Trial story focused on the public controversy
surrounding the teaching of evolution at Dover Area High School in Pennsylvania.
We retained many of the projects and assignments from Year 1, which we describe
briefly below.

3.6.2 Use of Existing Evolution Resources

In response to the survey findings (Friedrichsen et al., 2016), we were deliberate in
incorporating existing evolution education resources and labs. Next, we describe
several of the resources we used in more detail along with our rationale for their
selection.

FastPlant Artificial Selection Investigation 1. For this investigation, we used
the Advanced Placement Biology Artificial Selection Lab (The College Board,
2017). PSTs grew FastPlants and observed the trichome (hair) number. Using the
class data, they selected the top 10% hairiest FastPlants to pollinate. Later, PSTs
collected the seeds and grew the F; generation. The investigation showed the
dramatic effect of artificial selection within two generations. With this lab, PSTs
became familiar with an instructional resource for teaching artificial selection and
gained experience growing FastPlants, which can be used to demonstrate a wide
range of biological concepts.

SimBio virtual labs. We used two SimBio virtual labs, Darwinian Snails, and
Mendelian Pigs (SimBio.com) as homework assignments. Darwinian Snails
emphasizes experimental design, genetic variation, heritability, and natural selec-
tion; Mendelian Pigs emphasizes Hardy-Weinberg equilibrium, Mendelian genet-
ics, mutation, and population genetics. The SimBio Virtual Labs use an
inquiry-oriented environment, refer to actual biological organisms (as opposed to
fictional creatures), and are based on data from published scientific studies. These
characteristics were appealing to the instructors because the virtual labs were more
authentic than typical natural simulations used by many high school teachers (e.g.,
colored pasta representing individual organisms). High school students may fail to
learn the intended concept (i.e., natural selection) when pasta, candy, or toothpicks
are used because this simulation is far removed from authentic scientific investi-
gations (Sickel & Friedrichsen, 2012).

NetLogo PopGen Fishbowl. We incorporated this modeling software to teach
genetic drift. Jones (2008) designed the simulation to allow students to conduct
virtual experiments, allowing students to violate each of the assumptions of
Hardy-Weinberg to see the effect. We incorporated this modeling software to
highlight modeling as an NGSS practice.
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3.6.3 Instructor-Designed Projects and Position Paper

To further support the development of PCK for teaching evolution, we designed
two additional projects: Earth Calendar assignment and the Milestone Project. To
help students synthesize course readings and discussions related to the public
controversy, we required the PSTs to write a position paper.

Earth calendar assignment. Students, using a spreadsheet, mapped the age of
the Earth to a 12-month calendar. They were given a list of biological milestones
(e.g., evolution of photosynthesis) to place on their calendar. As part of that
assignment, students created a second analogy of their choice. Students chose a
variety of analogies, including mapping the age of the earth to yards on a football
field, mile markers on an interstate highway, and pages and word entries in a
dictionary. This assignment helped students visualize deep time and developed their
PCK for representations for deep time.

Milestone project. Pairs of students were given a different evolutionary mile-
stone (e.g., land plants, internal skeleton, feathers) to research and present to the
class. They had to address a list of questions, such as: When did the milestone
occur? What was the environment in which the milestone took place? What were
the effects of this innovation on the environment and other organisms? In this
assignment, PSTs were placed in the role of teacher, as they considered the best
way to represent and share their information with the class, further developing their
PCK for evolution.

Position paper. PSTs were asked to write a position paper articulating the
science education field’s position on teaching evolution. Students were required to
reference supporting evidence from the following categories: national science
education standards, education professional organizations, and nature of the biology
discipline. The purpose of the paper was to have students synthesize their under-
standing of the science education field’s position on teaching evolution, and gain
confidence in their ability to defend the teaching of evolution to administrators and
parents.

3.6.4 Student Feedback

At the beginning and end of the course, PSTs were asked to rate their understanding
of evolution content, their preparedness to defend the teaching of evolution, and
their preparedness to teach evolution, using a 4-point scale: 1 = weak and
4 = strong. In both Year 1 and Year 2, there were significant gains for each
dimension on the post-tests as determined by a paired t-test (see Table 3.3).
Students were also given the opportunity to write comments on their course eval-
uations. Table 3.4 contains representative student comments.
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Table 3.3 PST pre and post self-evaluations of understanding and preparedness

Items Year 1 Year 2

N=15 N=11

Pre mean (SD) | Post mean (SD) | Pre mean (SD) | Post mean (SD)
Your understanding of | 2.03 (0.59) 3.53* (0.50) 2.56 (0.53) 3.56* (0.53)
evolution
Your preparedness to 1.47 (0.62) 3.40* (0.61) 1.67 (0.71) 3.44* (0.73)
participate in the social
controversy
surrounding evolution
teaching and defend
the teaching of
evolution
Your preparedness to 1.60 (0.71) 3.40* (0.71) 1.67 (0.50) 2.89% (0.78)
teach evolution

Note *p < 0.05, two-tailed

Table 3.4 Sample student

feedback

3.6.5 Challenges

Sample student feedback

We honestly need more upper level classes for ed students. This
is the first upper level content class I didn’t feel was geared
towards pre-med students. I’ve felt a little like an after thought
in some science classes and have a challenging content course
specifically geared toward helping me as a professional has
been an invaluable experience

Excellent class!!! I learned so much and everything was
relevant. Great balance + connections between evolution
teaching and teaching component

This class was very helpful in preparing me to teach evolution
to high school students. I had some knowledge beforehand, but
being exposed to the “controversy” I feel more prepared to
confront it

It was a really cool concept to combine the content with
pedagogy. Especially the pedagogy of teaching evolution since
it’s such a controversial topic

It’s important to be able to defend your stance on why teaching
evo is so important, and having something to reference if this
situation were to arise

I really was able to understand effective ways to teach evolution
to high school students and felt really supported that I’ll be able
to do it well in the future

As we co-designed and co-taught the hybrid course, we experienced several chal-
lenges, including tension created from different science teaching orientations, and
an on-going tension between depth versus breath of content, as well as content

versus pedagogy.
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Differing science teaching orientations. Both instructors shared a common
vision of better preparing future teachers to teach evolution. Prior to Project Teach
Evolution, we had interacted in meetings, and Pat had attended a full semester of
Johannes’ Evolution lecture course. As we planned and co-taught the course, we
continuously negotiated how to engage students in the course. In retrospect, these
challenges could be attributed to our differing science teaching orientations or
conceptions of teaching. Pat’s science teacher orientation might best be described as
project-based (Magnusson, Krajcik, & Borko, 1999). She designed her science
methods course around a series of projects (e.g., designing a curriculum unit) to
help students meet the course objectives. As a science teacher educator, her courses
focused on helping students learn the processes of teaching (e.g., how to plan a
lesson, how to assess student learning), and consequently, her teaching was more
process-oriented. As a faculty member in a science department, Johannes’ con-
ception of teaching was more content-oriented, and might be described as trans-
mitting structured content knowledge (Kember, 1997). Our differing conceptions of
teaching are reflective of the cultures of two different departments (Biology and
Learning, Teaching, & Curriculum). Over time, we negotiated and experimented
with different ways to engage students; for example, we found the use of NetLogo
PopGen Fishbowl allowed us to teach content while modeling scientific practices
called for in NGSS. Because of differing academic cultures and teaching orienta-
tions reflective of those cultures, co-teaching hybrid courses can be challenging
work that requires time and negotiation to find common ground.

Negotiating a balance between content (depth vs. breadth) and pedagogy. In
the hybrid course, students earned the same number of biology credits as students in
the regular section of the Evolution course. Johannes was also teaching a regular
section of the Evolution course at the same time, and the hybrid course was a
teaching overload for him. These factors created constraints on our collaboration. In
Year 1, by keeping the content similar in both sections of the course, Johannes’
teaching load was more manageable. However, this created a tension because the
PSTs needed less depth but a greater breadth of content knowledge to teach evo-
Iution in high school. For example, macro-evolution, the geological time scale, and
human evolution were not originally included in the regular Evolution course, but
were added to the hybrid course. In Year 2, the content was re-structured around
five evolution themes to better address the needs of the PSTs and the course content
varied more between Johannes’ sections of the course.

The hybrid course met for one additional hour a week to accommodate the
pedagogy components of the course, although students did not earn education
credit. In the beginning of the collaboration, Pat and Johannes viewed themselves as
the education expert and the content expert, respectively, so in Year 1, Pat tended to
teach one hour of pedagogy and Johannes taught 3 hours of evolution content. Over
time, through negotiation and experimentation, our roles and teaching began to
overlap and we found ways to merge content and pedagogy (e.g., designing the
Milestone Project and the Earth Calendar assignment). Co-teaching a hybrid course
requires time to negotiate and develop new teaching practices.
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3.7 Next Steps and Conclusion

After two years of teaching the hybrid course, a decision was made to discontinue
it. Several factors contributed to this decision, including the extensive planning time
required to effectively co-teach the course. Pat now teaches a new course, Biology
Methods. This new course has an emphasis on developing PCK for teaching evo-
lution, but also addresses all of the NGSS Disciplinary Core Ideas (DCI) for Life
Science. Within each life science DCI, PSTs research common misconceptions and
ways to challenge specific misconceptions, unpack the NGSS Performance
Expectations to identify daily learning targets, identify and critique instructional
resources, and design instruction to meet specific Performance Expectations. Within
the evolution portion of the course, we discuss articles about the public controversy
surrounding evolution and PSTs write a rationale paper articulating why evolution
should be included in the high school biology curriculum. Our Science Teacher
Education Program continues to require an evolution content course while adding
the requirement of the Biology Methods course.

In conclusion, public school biology teachers are at the frontlines of the public
controversy surrounding the teaching of evolution. We have chosen to focus our
efforts on pre-service teacher education to better prepare biology teachers to teach
evolution and to address the public controversy surrounding its teaching. Pat’s
efforts have evolved over the years, from emphasizing evolution teaching in sec-
ondary science methods courses that include all disciplines, to adding an evolution
course as a requirement of the biology education degree program, to co-teaching a
hybrid evolution content and pedagogy course, to now teaching a specialized
biology methods course that addresses teaching evolution. Requiring an evolution
content course for pre-service biology teachers is only part of the solution. PSTs
also need to develop PCK for teaching evolution, and have a thorough under-
standing of creationist arguments and the controversy surrounding the teaching of
evolution. By better preparing future biology teachers to teach evolution, we can
improve the biological literacy of all citizens.
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Chapter 4 )
Controversial Before Entering My ey
Classroom: Exploring Pre-service

Teacher Experiences with Evolution

Teaching and Learning

in the Southeastern United States

Amanda L. Glaze and M. Jenice “Dee” Goldston

Abstract Evolution continues to be a polarizing topic amongst the public as well as
in K-12 and post-secondary classrooms. One issue that contributes to the polariza-
tion is the absence of accurate and meaningful instruction on evolution. The divide is
especially pronounced in regions such as “The South”—Alabama, Georgia,
Arkansas, Louisiana, Mississippi, South Carolina, North Carolina, and Tennessee—
where cultural underpinnings strongly align against scientific topics dealing with
human origins and change. Research shows that acceptance or rejection of evolution
provides a reference for teachers’ choice whether to teach controversial topics such as
evolution as well as the depth, breadth and duration of instruction. In this chapter we
take a deeper look at the lived experiences of pre-service science teachers at a teaching
college in the Southeastern United States in an effort to frame a context within the
region by which later choices regarding teaching are made. Furthermore, we provide
suggestions for improvements to teaching and learning that have implications beyond
this critical region. Although public controversy surrounding evolution is widely
regarded as being defining of the United States, the implications of studies here have
translational value to teaching and learning evolution around the world.

4.1 Introduction

The United States holds an anomalous position within the ranks of nations when it
comes to the teaching and learning of evolution. Whereas most industrialized, or
as they are often described “first-tier nations,” have demonstrated little or no
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controversy surrounding evolutionary concepts, the United States consistently ranks
below other nations in scores relative to acceptance and understanding of evolution
due to high levels of conflict between the concepts set forth by scientific expla-
nations and public opinion (Miller, Scott, & Okamoto, 2006). “Cultural clashes
between students’ life-worlds and the world of western science challenge science
educators who embrace science for all, and the clashes define an emerging priority
for the 21st century” (Aikenhead & Jegede, 1999, p. 269). Nowhere are clashes
between culture and science more prominent than in the Southeastern United States
and more specifically the culturally connected sub-region of “The South”—
Alabama, Georgia, Arkansas, Louisiana, Mississippi, South Carolina, North
Carolina, and Tennessee—where educational board decisions, state laws, and legal
cases demonstrate a very public showcase of anti-evolution, and often anti-science,
sentiment (Price, 2013; Rissler, Duncan, & Caruso, 2014; Wilson, 1996).

To highlight some of the demographics of the area, we will focus on one state at
the center of the region. Known as the literal and figurative “Heart of Dixie”,
explorations in the state of Alabama highlight the conflict and controversy that
often surrounds evolution teaching and learning in the region (Glaze, 2013; Glaze,
Goldston, & Dantzler, 2015; Goldston & Kyzer, 2009). The state of Alabama has a
population of approximately 4.78 million people that includes a variety of cultures,
socioeconomic levels, and backgrounds, although this camulative variety represents
a small minority in the state (U.S. Census Bureau, 2016). According to state
records, licensure tests in the state are offered in 13 languages, however English is
the primary language spoken by 3.99 million of the state’s residents, followed by
Spanish (89,000), Indo-European languages such as French and German (43,800),
Asian languages (22,000), and other Native American, Africa, and Arabian lan-
guages (6,800) (Echevarria, 2013). Approximately 60% of the state population
identifies as religious (Alabama State Religion, n.d.). In terms of type, Christianity
accounts for 58% of the state population, with 46% of the population identifying as
Protestant (36% Baptist), 8% “other” Christian, and only 4% Catholic (Alabama
State Religion, n.d.). Non-Christian religions represent less than 2% of the state
population (Alabama State Religion, n.d.). While the United States has a consti-
tutional focus on the separation of church and state, in Alabama, and the South as a
whole, there is a greater inclusion of religion as a part of culture, and that under-
pinning is mirrored in legislation and government action. There is a heavy focus on
the importance of state choice in matters of government and education. Education
decision-making in Alabama falls to elected local school boards that operate under
the shared oversight of an elected state Department of Education. Local education
control lends itself to greater autonomy in what is taught in the classroom, despite
what is written in standards and widely expected at the national, or even at the state,
level (Urban, 1992).

Education in Alabama is free to all students through age 21 and compulsory
between the ages of six and sixteen, with some age exceptions based on individual
considerations such as health. Children of this age range can attend public schools
or private schools, secular or parochial, that consist of twelve grade levels plus the
availability of additional early training in pre-kindergarten and kindergarten classes
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for those not yet six. Grades are typically divided into three groups: primary/
elementary (K-4), intermediary/middle/junior high (5-8), and secondary/high
schools (9-12). However, the housing of these grade levels may vary based on
individual school board decisions and the size of the local population. Alabama is
mostly classified as rural, therefore, it is not uncommon to find several school
structures: grades K-12 housed in a single school; grades K-6 as elementary and 6—
12 as the high school; or, in larger systems, grades K-4 or 5 in elementary, 5 or 6-8
as middle or “junior” high schools, and 9-12 high schools. The goal of these
groupings is separation of age groups based on learner maturity, departmentaliza-
tion of subject areas, and community need.

Over the last decade, nationally mandated standardized testing has impacted
science teaching in Alabama. Testing in the state has focused primarily on reading
and math causing greater time to be put into development in these subjects. Only
these subjects are assessed each year from grades 3—8. Science is assessed by state
examination only in grades 5 and 7, then later at the national level on the American
College Testing College Readiness Examination (ACT) in grade 10. As a result, it
is not uncommon for students to have little or no formal science classroom expe-
riences until reaching grade 5. Testing in the state is largely done for the purpose of
tracking student progress and measurement for benchmarks set by federal or state
legislation. Students who fail to meet proficiency in these tests are not withheld
from the next grade level, as that determination is based on in-class performance. In
the post-No Child Left Behind era, it will be interesting to see how, or whether,
these tests continue to be utilized. What is known is that the atmosphere of the
South—the culture, the beliefs, and the conflict—is as prevalent in the schools as it
is among the public.

4.2 Public Acceptance of Evolutionary Theory Within
the Social, Political, and Cultural Context
of the Southeastern United States

The Southeastern United States provides a unique venue to study the perspectives
of students, teachers, and the public regarding the perceived controversy sur-
rounding elements of evolution. In 2008, Kristi Bowman brought attention to the
evolution struggles in the geographical Southeast, noting that students therein were
84% less likely than students elsewhere in the United States to receive accurate
instruction regarding evolution and ten times more likely not to have any evolution
instruction in their primary or secondary experiences (Bowman, 2008). The
uncommon history of the South, the depth of the Southern identity, and the highly
evident and influential “power of place as a category of social and personal
experience” make it all the more important to understand the dynamics of evolution
teaching and learning in the region (Kincheloe & Pinar, 1991, p. 167).
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For instance,

Not only does the South find itself inhabited by the living presence of a unique history, a
peculiar literary tradition, and an unusual set of social relationships but Southerners might
also be said to possess a distinctive way of knowing, an epistemology of place. (Kincheloe
& Pinar, 1991, p. 10)

According to Kincheloe and Pinar (1991), the concept of “place” is an element
of social and cultural influence that guides each individual’s learning and devel-
opment. Religion is but one facet of the sense of place. However, when “place” is
viewed from a perspective responsive to the nature of religiosity and evangelical
literalist traditions found in the South, religion cannot be removed from consider-
ation due to the impact it has demonstrated on evolution acceptance and decision
making (Glaze et al., 2015; Kincheloe & Pinar, 1991; Nadelson & Sinatra, 2008;
Whitaker, 2010). In essence, shared cultural norms and social expectations sur-
rounding the very word “evolution” point to elements of a shared worldview as a
part of a sense of place in the South as a region; one that makes all conversations on
evolution more complex and delicate.

4.3 Existence and Extent of Influence of Anti-evolutionary
Movements in the Southeastern United States

Beginning in the 1920s, states including Kentucky, Tennessee, Arkansas,
Mississippi, and Florida had laws or bills in place to prevent or circumvent teaching
of evolution in public schools while other states, including Louisiana and Texas,
had their state board of education restrict evolution instruction and strike the
mention of evolution from textbooks (Elsberry, 2001). Anti-evolution legislation
and local actions began facing public challenge in the science-driven decades after
World War II, when a number of key court decisions were passed down to counter
earlier anti-evolution efforts. Key cases in supporting the teaching of evolution and
restricting the teaching of non-scientific alternatives originated from states around
the South. Table 4.1 summarizes key court decisions at the federal level that were
integral in striking down anti-evolution or alternative evolution education laws and
actions across the South.

While great strides have been made in legally supporting evolution and drawing
lines as to what is and is not acceptable in science classrooms, there are still
challenges to the teaching and learning of evolution, including “Academic
Freedom Laws” (Glaze & Goldston, 2015; Pobiner, 2016; Smith 2010a, 2010b).
These laws follow guidelines from the Discovery Institute—a group largely
focused on promotion of the blending of science and religion called Intelligent
Design—and utilize carefully structured language to avoid raising flags based on
existing court decisions (National Center for Science Education [NCSE], 2009b,
March 20). These laws circumnavigate the rulings of prior cases on evolution and
creationism in classrooms under the guise of providing protections to teachers
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Table 4.1 Federal Legal Cases from the Southeastern United States

Year Case Summary ruling/Impact

1968 Epperson v. Arkansas Arkansas’s anti-evolution legislation was
unconstitutional

1975 | Daniel v. Waters Tennessee law requiring equal teaching of
creationism and evolution is in violation of the
Establishment Clause

1982 | McLean v. Arkansas Board | Arkansas laws requiring the teaching of creation
of Education science are in violation of the Establishment Clause,
provided legal definition of science

1987 | Edwards v. Aguillard Louisiana legislation that allowed evolution teaching
only when taught with creationism is unconstitutional,
violates the Establishment Clause, and undermines
science education

1997 | Freiler v. Tangipahoa Louisiana Board of Education policy requiring a
Parish Board of Education disclaimer against evolution for religious purposes is
unconstitutional, Intelligent Design identified as
creation science

2005 Selman v. Cobb County Cobb County, Georgia, School District requirement

School District of an anti-evolution disclaimer in textbooks was in
violation of the Establishment Clause

“for presenting scientific information pertaining to the full range of scientific views
regarding biological and chemical evolution” and protection for students “con-
cerning their positions on views regarding biological and chemical evolution”
(NCSE, 2009b, March 20, p. 1). Such laws have been successfully passed in
Southern states (e.g., Louisiana Science Education Act [Act 473, SB733 2008],
Tennessee’s Teacher Protection and Academic Freedom Act [SB0893/HB0368,
2012]. Following the success of early attempts, similar laws have been brought to
the floor in Alabama, Florida, and Kentucky but have yet to pass as of this writing
(NCSE, 2009a, March 11).

4.4 Place of Evolutionary Theory in the Curriculum

The approach to evolution in the curriculum nationally has improved by leaps and
bounds as evidenced by the increasing coverage and focus on evolution as a uni-
fying concept in life science in the Next Generation Science Standards (NGSS Lead
States, 2013). However, the South has a reputation, both historically and presently,
as a hotbed of division when it comes to evolution in the classroom (Goldston &
Kyzer, 2009). In addition to legislative action, Southern states maintain
state-written standards, with many incorporating elements from the NGSS but
crafting their own adjusted version of the standards to avoid conflict given the
existing sociopolitical cultures in each state. The standards adopted by the state of
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Alabama, wherein the word evolution is noticeably missing, provide evidence of
this divergence from the NGSS (Alabama State Department of Education, 2015).
While there is some inclusion of evolutionary concepts that align with unity and
diversity of life in what is commonly referred to as micro-evolution, in comparison
to the coverage of evolution in the NGSS, it is minimal and demonstrates the extent
to which people will go to avoid the “e-word” if at all possible. There remains a
state-required disclaimer in the front of all biology textbooks that continues to draw
criticism for the threat it poses to science literacy in the South (Branch, 2017;
Glaze, 2016; Goldston & Kyzer, 2009; Rissler et al., 2014). One such criticism is
that it provides support for students and teachers to ignore the topic of evolution on
the grounds that it is not scientifically supported and is being called into question by
the state board. The mixed-signals sent by actions and disclaimers alike, do little to
improve the experiences or attitudes of classroom teachers toward evolution.

4.5 Biology Teachers’ Attitudes Toward Teaching
Evolutionary Theory

Science teachers in the South often find evolution to be “frustrating and chal-
lenging” as well as a source of criticism from family or community (Goldston &
Kyzer, 2009). Teachers often feel added pressure to avoid evolution due to “per-
sistent and publicly sanctioned hostility” regarding the teaching of evolution
(Shankar & Skoog, 1993). As shown in three teachers in Alabama, when teachers
“perceive the topic of evolution to be in direct conflict with their own or their
students’ personal beliefs” teaching evolution becomes even more problematic
(Goldston & Kyzer, 2009). Similarly, when teacher beliefs are in opposition to the
curriculum, internal conflict occurs that is likely to influence whether a teacher and/
or their students are open to accepting evolution (Chinn & Samarapungavan, 2001;
Davson-Galle, 2004; Jones & Carter, 2007; Meadows et al., 2000). While studies in
the region are rare, the South tends to represent the extreme of what is found among
teachers in other regions, mirroring the strongest of impacts that are seen in many
areas (Glaze et al., 2015; Rissler et al., 2014).

A number of additional factors that influence the teaching of evolution have been
identified that include misconceptions regarding evolution, comfort with the con-
tent, and conflict with religious beliefs in the Southeastern United States (Aguillard,
1998; Bowman, 2008; Glaze et al., 2015). Among Louisiana classroom teachers,
Aguillard (1998) identified educational background as important and “subjects were
often critical of their college biology training” explaining that they had less than
three classes in biology where they specifically address evolution (Aguillard, 1998,
p. 172). Religious beliefs have emerged in several studies as the most important
factor in teacher or pre-service teacher acceptance or rejection of evolution in the
South as well (Glaze et al., 2015). In fact, having the ability to reconcile religious
beliefs and scientific ways of explaining the world is key to an individual’s ability
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to overcome conflict between religion and beliefs (Meadows et al., 2000; Shipman,
Brickhouse, Dagher, & Letts, 2002; Wiles, 2008).

Other research suggests that the most influential factor outside of religious
beliefs is rooted in the understanding of the nature of science itself, specifically as it
relates to how scientific knowledge is generated and the practice of science by those
in the field (Jorstad, 2002; Nadelson, 2007; Wiles, 2008; Woods & Scharmann,
2001). Thus, understanding of the nature of science, science content background,
and open-mindedness to religion and scientific issues represent key factors identi-
fied as influential in the acceptance or rejection of evolution and thereby impact
choices surrounding the teaching of evolution in the classroom (Berkman &
Plutzer, 2010; Fowler & Meisels, 2010; Glaze et al., 2015; Trani, 2004).

Exploring external socio-cultural relationships between those we interact with
regularly, such as parents, friends, church and community members impact ideas
and choices about evolution teaching (Demastes, Good, & Peebles, 1995; Goldston
& Kyzer, 2009; Woods & Scharmann, 2001). Support within the system and the
school itself, district and school guidelines for teaching of evolution, knowledge of
legal cases regarding the teaching of evolution, membership in professional orga-
nizations, and the textbooks used to teach biology all serve as positive external
forces for teaching evolution in the South (Aguillard, 1998). Similarly, parent
attitudes and perceptions of support or discord from others related to their stance on
evolution are also powerful influences on teacher choices surrounding teaching
evolution in the South (Aguillard, 1998). Further compounding teacher attitudes
toward evolution and choices regarding the teaching of evolution in their class-
rooms is the fact that little is done in teacher education to prepare them for the
barrage of intersecting factors that will impact their teaching.

4.6 Emphasis Given to Evolutionary Theory in Biology
Teacher Education Programs

Evolution is as much an issue with pre-service science teachers and science majors
as it is with students in K-12 classrooms and classroom teachers (Glaze et al., 2015;
Ha, Haury, & Nehm, 2012; Rutledge & Warden, 2000). Pre-service teacher
preparation programs represent an area of focus in debates about evolution and how
to maximize its impact on classroom teaching and learning (Deniz, Cetin, &
Yilmaz, 2011; Deniz, Donnelly, & Yilmaz, 2008; Glaze et al., 2015). Historically,
there have been questions surrounding the level of content expertise acquired by
teachers of science and whether science courses for education majors are too
specific to translate into the classroom (Adams & Krockover, 1997; Rice, 2003;
Wenner, 1993). In the teacher education program associated with the narratives in
this chapter, science coursework was housed in the science departments and con-
sisted of a core of required classes, including two levels of introductory biology,
genetics, cell biology, and ecology. For those seeking general science certification,
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additional courses were required in chemistry, physics, and geography/geology.
Apart from those courses, teacher candidates took a seminar in research and had a
choice of two additional courses each from two groups of upper-level biology
courses that included a course on evolutionary adaptation. Most of these were
specialized courses and there were no options for science undergraduate courses for
teachers that would address topics targeted for the classes they would teach once
certified. While evolution is frequently wound into the subjects of these other
courses in science, the limited background in evolution leading to university study
coupled with the broad range of topics covered in university science courses, leaves
little room for depth of understanding. Furthermore, the nature of the evolution
course as elective allows those who are not accepting of evolution to avoid the
course and the content that is needed for deeper comprehension and teaching.

Pre-service teachers’ pedagogical content knowledge—the understandings of
how students learn and ability to teach the content within the context of that
understanding—with respect to evolution has been questionable due to the variance
in approaches found in teacher education programs as well as a lack of training in
specific strategies to approach sociocultural concerns and classroom management
(Aguillard, 1998; Berkman & Plutzer, 2010; Bloom 2007; Griffith & Brem, 2004;
Veal & Kubasko, 2003). In the program associated with the narratives of this
chapter, evolution was not specifically addressed as a topic in science methods
coursework, which consisted of a semester-long secondary science methods course
that met 3 h, once a week, for fifteen weeks of the term. The course was designed
for pre-service teachers who would later teach in grades 6—12 and be departmen-
talized as science teachers. Largely, the content was determined by the professor
tasked with teaching the methods courses and focused less on specific content
topics and more on the greater issues of science education and pedagogy, such as
inquiry learning, conceptions of science, and lesson/unit planning.

4.7 Pre-service Teachers as a Lens for Understanding
Evolution Conflict

Studies exploring views of evolution by teachers are wide in scope and provide us
snapshots of thinking, teaching, and navigation of conflict. However, there have
been few studies conducted in the Southeastern United States (Aguillard, 1998;
Glaze & Goldston, 2015; Meadows et al., 2000; Rissler et al., 2014) and even fewer
done with the pre-service teacher sub-group in the South (Glaze, 2013; Glaze et al.,
2015). The role that pre-service teachers play in the big picture of understanding
teaching and learning of evolution is important because they represent the transi-
tion, if you will, between student and teacher. In some ways they represent a sort of
“missing link” in our understanding of the experiences that frame how, and whe-
ther, evolution is taught. The lived experiences of pre-service science teachers
create a highly detailed narrative of the intersections and divergence of the two roles
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in which they operate—teacher and student—and demonstrate the intensity of
thought in which they engage as they reconcile their worldviews with the scientific
ways of knowing they encounter in their training and later in the classroom.

World view (“worldview” in contemporary research) refers to the deeply per-
sonal collection of understandings, beliefs, and explanations an individual develops
about the world around them (Cobern, 1994a, 1994b). This part of our personal
identity is crafted over the course of a lifetime, serves as the lens through which we
view and evaluate our experiences, and holds sway over our decisions to accept or
reject all new information (Branch & Scott, 2008; Johnson, Hill, & Cohen, 2011).
When worldview interacts with experiences and conflict arises, research suggests
that the path of least resistance is taken. As a result, individuals opt to accept that
which most closely aligns to their lens (Branch & Scott, 2008; Jakobi, 2010; Nehm
& Reilly, 2007). Conversations with secondary preservice science teachers about
evolution indicated that they are already thinking about evolution and how the
perceived conflict with evolution will impact their classrooms long before they take
on their first teaching position (Glaze, 2013; Nehm & Schonfeld, 2007). A snapshot
of the lived experiences of these pre-service science teachers can be seen in con-
versations with a small group of individuals enrolled in a science teacher education
program at one teaching college in the Southeastern United States.

A qualitative personal narrative approach enabled participants to describe, in
their own words, their lived experiences surrounding evolutionary theory in and
out of the teacher preparation settings. Participants in this study, upper-level
undergraduate students, had completed their core courses and had begun study in
the college of education. Participants completed an initial online survey and were
given the opportunity to be chosen for interview if they met the following criteria:
(1) they were an undergraduate, formally admitted to the college of education,
(2) their content major was either general science or biology education, both of
which teach biology courses in the state of study, (3) they had completed the first
block of education courses but were pre-internship at the time of the interview, and
(4) they had completed the following science courses-BIO 101/103 (Introduction
to Biology I), 102/104 (Introduction to Biology II), 322 (Genetics) or 332
(Ecology), and 373 (Cell Biology).

Of the 79 students who received the request to complete the survey, 37 students
completed the Measure of Acceptance of Theories of Evolution (MATE) survey
that was used to ascertain their levels of acceptance of evolution (Rutledge &
Warden, 2000). The MATE measure has been highly utilized as a possible measure
of acceptance of evolution and has demonstrated both validity and reliability when
taken by both students and teachers (Rutledge & Warden, 2000). The participants
were representative of the program in which they participated, meaning they were
mostly white and balanced between male and female, however they do not match
the overall state teacher demographic, which is slightly more racially diverse, even
after steps were taken in an attempt to diversify the pool. Based on scores, par-
ticipants were grouped by their level of acceptance with six as very low (20-52),
seven as low (53—64), nine as moderate (65-75), ten scoring as high (77-88), and
five scoring very high (89—-100) (Rutledge & Warden, 2000). Two individuals were
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randomly selected from each group for the initial set of interviews for a total of ten
participants with an additional participant added from the mid-line (moderate)
group for more balanced representation of clusters (high/moderate/low). The final
group was nearly equal between male (6) and female participants (5) and repre-
sentative of white (9), black (1), and mixed racial backgrounds (1). Participants
selected for interviews participated in on-campus individual interviews with the
researchers for no less than one hour each and no more than three hours each,
including follow up interviews that were conducted.

In the tradition of narrative storytelling, we utilized open-ended questions to
elicit participants to share their experiences in their own words, allowing them to be
as detailed as they preferred and allowing them to speak freely in whatever direction
their thinking took them. In order to compare the narratives of our participants, we
transcribed all of the interviews, adding follow up questions where there were areas
in need of greater elaboration or where phrasing was unclear. From those stories,
common threads emerged, including shared experiences, obstacles, and ways of
thinking about teaching that would frame future experiences for participants and
their students. Analysis consisted of a basic synthesis of the narratives relative to
the common experiences shared in the group in response to the questions posed.
What follows is a discussion of the experiences of our participants surrounding
evolution under those common threads that were present in their stories.

Content knowledge is inadequate and misconceptions prevail, even in tea-
cher education. Our starting point in exploring participant experiences relative to
evolution was to ask them to define evolution in their own words and then explain it
to us. In exploring their ideas about evolution content, participants described
evolution as a process of changes occurring in a population over a period of time
but, beyond that, the definitions were limited, incomplete, and replete with mis-
conceptions regarding when, to whom, and how evolution occurs. There were
frequent mentions of Darwin, but few other scientists that were connected with
evolution. Participants mostly described natural and artificial selection, but with
superficial nods to changes in the environment and mutations rather than explicit
focus on reproduction, variation, and selection. When probed regarding their
knowledge and beliefs about evolution, several misconceptions specific to evolu-
tionary theory were elicited. These included misconceptions with respect to
ancestry with particular emphasis on humans, monkeys and apes; adaptation as an
individual response to changes to the environment; and evolution as an unsupported
and untestable idea.

The human ancestry issue was addressed by Charles who said, “Do I believe in
that little picture that they show you in middle school about how man evolved from
other species? I don’t. I don’t believe that, but I do believe in natural selection as a
means to produce a fit species.” Still other participants held ideas that are remi-
niscent of Lamarckian explanations of change. As one participant noted, “Evolution
is about organisms adapting to their environment and changing their physical
appearances in order to adapt over time.” Declan found evolution to encompass
“the measureable changes that an animal makes due to environmental stimuli and
the changes that the animal passes on to its offspring.” Another participant
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challenged evolution as unsupported, claiming “they say that evolution has been
proven, when it hasn’t and they just, you know, try to bring up arguments to do
with that.” Though not discussed here, these quotes were rife with incomplete
understandings or misconceptions about evolutionary theory as well as the nature of
science itself. One thing agreed upon by all participants was the concept of evo-
lution as change over time; however, there were a range of negative feelings
expressed regarding human common ancestry and whether humans were also
changing as a part of evolution.

Charlotte I’'m not convinced people eventually evolved from amoebas.

Declan My feelings about evolution are that, besides the fossil record, there is
no absolute concrete evidence that cross species evolution has occurred,
or at least not to my current knowledge.

Catherine The only part of evolution that conflicts with my personal beliefs is that
all species of life descends from common ancestry.

Lane That (evolution) applies to all living things according to science books
but I was taught that believing evolution means the Bible is not real.

The statements above illustrate some of those concerns expressed regarding
evolution at different levels. While participants were generally open to the idea that
things change, a very simplified definition for evolution, they expressed specific
concerns with the idea that those small changes could result in the creation of new
species and were most resistant to the idea that humans were susceptible to the same
changes as all other living things. For better understanding of their definitions of
these concepts in evolution, we asked them about their school experiences relative
to evolution, including when they first learned about evolution and what they were
taught.

Learning experiences in evolution reflect contention in the public realm.
When participants were asked about their experiences with science prior to
attending college, all reported having several science courses in high school with
most reporting having at least one positive experience. For some participants,
positive experiences their teachers were leading influences in their choice to
become a science teacher. When asked about their early experiences with evolution,
participants displayed a wide variety of exposure both in and out of school. Three
participants recalled hearing about evolution in elementary school or other settings,
but were not sure of the details other than it was negative when it occurred outside
of school. Five participants experienced evolution first in life science classes in
middle school, including one who explained, “I was taught about evolution in 8th
grade and I went into it thinking that this is not what I was supposed to believe, that
I wasn’t supposed to believe in what my teacher was telling me.”

Four participants were in high school before they were exposed to evolution in
the classroom, reporting that evolution was barely covered with limited explana-
tions of change over time. They further described vague definitions of adaptation
and fitness being applied to evolution in their experiences as well as the absence of
any discussion of human origins. For instance,
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Jacob In high school, T learned that evolution is just when organisms or
populations change over time. Evolution is essentially heritable changes
that occur in species and populations over a period of time. Since the
beginning time, species have died off due to lack of adapting to climate
change, adapted to climate changes to survive, or evolution to produce
offspring better equipped for the region in which the population lives. In
other words, we focused in on micro-evolution subjects.

Lane Evolution is when organisms start from more basic cellular makeup and go
to more advanced cellular makeup.

None of the participants in this study reported a thorough study of evolution in their
middle or high school years, nor had any taken an evolution-specific science course
in their university study. It should be noted that the participants could have taken an
upper level course on evolutionary biology, but did not. The evolution course was
not required for education majors.

As noted earlier, the participants recalled negative connotations in what they
were taught in school or heard outside of school regarding evolution. One partic-
ipant recalled a sticker being placed in the beginning of the biology textbook as a
disclaimer regarding the teaching of evolution that is still present in adopted
biology textbooks in Alabama (Branch, 2017; Goldston & Kyzer, 2009; Rissler
et al., 2014). As one participant explained, “I first heard about the idea of evolution
in high school. It was when my teacher said she refused to teach it. I was formally
introduced to evolution in college.” Furthermore, the participants stated that evo-
lution was often directly addressed as it related to church or church-related groups,
each time with negative implications. One preservice teacher reported that church
classes were offered that addressed evolution specifically in regards to their reli-
gious beliefs and expectations. Robert explained,

Every time I ever heard of evolution, it was referred to in a negative way. You know, like,
this is Satan’s plans to you know, discredit the Bible and stuff like that. So I really didn’t
have a good understanding of it till later on when I started reading.

Charles reflected,

I know it has been talked about in church. I don’t know if that was the first time that I’ve
heard about evolution though. But it was looked upon in church like it was a ridiculous
idea. Like it was, you, you were unintelligent if you actually could possibly believe that
human beings came from monkeys.

While the misconception of human descent from monkeys was not novel, the use of
this position by community leaders as the foundation for their need to counter
teaching of evolution was demonstrative of the lack of acceptance of evolutionary
theory prevalent in the public (Gallop, 2014). Jacob added that evolution was
discussed in his church but stopped, saying “I would rather not talk about it.” In
keeping with the nature of evolution as taboo, three of the participants responded
that they would rather not discuss the events any further due to the discomfort
they felt.
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Still, eight participants recalled having discussions with family or friends
regarding evolution at varying times in their lives. Most were in the context of their
parents teaching their own closely-held beliefs and expectations, with few parents
having accurate knowledge of the concepts of evolutionary theory. Others were
more clandestine discussions, perhaps due to the shadow of taboo over the topic of
evolution, held with close friends regarding questions and conflict between beliefs
and readings, or teachings of the individual. Charlotte shared, “I’m pretty sure [I
heard about evolution] from my parents or church, so it wasn’t an accepted idea at
all. It did come up in church, but I really remember my mom, who is very religious,
talking about it—always negatively. William also reflected a negative intergener-
ational view of evolution,

Yeah, she (my mom), she told me this story about when she was in school and how they
taught evolution...she came home from school and told her mother what she had learned in
school and her mother, my grandmother, chastised her and told her that she shouldn’t talk
about that and that that was wrong. And so, my mother told me that story. And my mother
isn’t as closed off as my grandmother is, but she did say that evolution is not right and that
it’ll, um, it’s not what we believe and, yeah, that’s the first thing I ever heard about
evolution. I didn’t know what evolution was until she told me that because I hadn’t learned
about it in school yet. That was in elementary school, in like 5t grade.

Three participants specifically addressed difficulty or unwillingness to discuss
evolution with peers, family, and others due to the controversial or taboo nature of
the topic or a desire to avoid conflict with those they know oppose evolution.
Catherine stated, “I have never talked with my family about evolution. It would be a
difficult conversation because they would have such narrow thoughts on it.” Charles
held an enlightening view of the taboo nature of asking hard to answer questions
that challenged the status quo, seen in the following:

In Sunday school, when I would ask the hard questions, I can’t think of anything specif-
ically about evolution but just questions in general, I was actually pulled into my pastor’s
office once when I was a kid and was told I need to stop asking questions like that in
Sunday school because I’'m being a disturbance.

Within Southern culture, asking questions of things like beliefs or Biblical expla-
nations, especially in literalist traditions, often resulted in tangible repercussions
such as being outcast from loved ones and removed from the social and cultural
foundation of the community, which was traditionally been built on the corner-
stones of church and shared beliefs. Shared experiences, whether cultural or social
were also evident in participant narratives.

Shared backgrounds inform expectations and define experiences. Although
the eleven participants interviewed herein were representative of the full spectrum
of levels of acceptance there was far less diversity in their backgrounds, culturally
and otherwise. Among the eleven, all but two described growing up in areas within
100 miles of where they attended college. Three were from self-described urban
settings. However, urban in the Southeastern United States often meant a popula-
tion of 20,000-50,000 and very rarely a “large” city, like Atlanta or Birmingham—
both of which are relatively small in comparison to the super cities of the eastern or

RMoore @umn.edu



72 A. L. Glaze and M. Jenice “Dee” Goldston

western coasts. More frequently these preservice science teachers came from small
towns of a few thousand that typify the South, places where everyone knew
everyone and where many would return to teach following graduation. Growing up
in small Southern communities was viewed both as positive and negative by the
participants. On one hand, they noted a positive feeling of closeness and support
from those around them, while on the other, a lack of anonymity based on the
small-town dynamic was problematic. When asked what they felt were the strongest
influences on the person they had become, participants mentioned their families and
how any decision they faced was largely affected by the consequences that it could
have on their loved ones. Furthermore, religion was a major influence in their daily
lives and the choices made regarding what they learned or thought about science
and their eventual role as science teachers.

The interactions and connections between the participants and influences such as
family, religion, peers, and community provided the framework for understanding
—the worldview—by which each evaluated all other experiences and knowledge.
For instance, where there was agreement between major influences, such as parents
and church, peers and family, there tended to be a higher occurrence of rejection of
evolution. Rejection was elected because the family, church community, and peers
were all in agreement that the acceptance or discussion of evolution was taboo.
When there was agreement between church and family but disagreement among
peers, school, or mentors, the participant tended to side with that of church and
parents—the earliest contributors to their worldview. As a result, the participant
addressed the conflict by managing it, ignoring it, or trying to find reconciliation
(Griffith & Brem, 2004; Hermann, 2013). In other cases, participant stance on
evolution resulted from a critical incident that strongly impacted their worldview,
such as abuse that was not addressed by leaders in their church or being ostracized
for questioning literal interpretation of Biblical events.

Church plays a role in social and cultural context. Shared background rooted
in attendance in church and participation in church-sponsored or related events was
common to all but one of the participants. In their experiences, it was common to be
in church each time there was a service or activity, which often meant three or more
times a week. In fact, many noted the church as the cornerstone of their childhood
experiences. When asked about their experiences with religion, many were cur-
rently or had been personally involved at a high level. As William explained,

I’'m a pretty devout Christian. I’'m a deacon in my church and I also sing and travel around
singing at different churches and stuff like that. So I would say that most of my community
involvement is through my church and working with the people of my community with my
church.

Charles, another preservice teacher, shared similar experiences growing up where
church was, as he described, a “major social venue” like school. He further noted,
“My particular church was very large for the area. It was and still is the largest
building in the town. There were no outlets that I was aware of for kids interested in
science.” This social connection was also shared by Robert, whose childhood and
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youth involved moving often and attending many different schools, some for very
short periods of time. As he explained,

The interactions I had with my community were actually kind of shallow, I made no
long-term friends that I kept in contact with until I was a teen. Most of my friends were not
from school. They were from church, especially in the rural areas. No matter where we
lived there was always a church and I found myself involved there more.

As to their current religious background, nine participants identified, at varying
levels of intensity, with being either religious or spiritual. Participants generally
viewed being religious as a practice and tradition with expected behaviors, as
opposed to feelings or beliefs they held which were considered much more personal
and spiritual in nature. Others saw religion as an all-encompassing term to mean the
beliefs and practices of one who believes in a certain deity and the principles
included therein. In many cases, the term Christian, born-again Christian, or
Believer were specifically used by participants to self-identify not only as religious
or spiritual, but as a certain type of believer, namely that of literalist evangelical
Protestant Christianity attributed to the Southeastern region of the United States.

In each case, the participants articulated strong personal stances regarding the
role of religious beliefs or religion in their lives as a part of who they were, rather
than a superficial trait. Their self-defined religious beliefs centrally served as a
moral compass that directed their decisions and actions. For some, this included a
literal interpretation of religious text as a foundation of his or her belief system.
Literal interpretation of events in the Bible, namely Genesis and the six days of
creation, posed the greatest perceived conflict with evolution in the views of the
participants, one of whom stated that “the Bible obviously tells us something
different from evolution.” The evolution concept being referred to in conflict with
the creationist view was human evolution, specifically that human beings have
evolved from other life forms as opposed to being specially created by the God of
the Christian Bible.

Rejection of evolution is highly associated with conflicts between concepts
and religious beliefs. The greatest perceived obstacle to accepting evolution found
among participants was that of biblical creation and its direct contradiction to
accounts of creation, particularly, human origins, as seen in the following:

Jacob Macro-evolution conflicts with my personal beliefs because I believe that
God created this universe and also created us and the other organisms that
live here...I’m sticking to my belief that evolution occurs for survival to
take place among the populations and species that God placed here on
this earth. Evolution in the sense of organisms coming into existence
from a common ancestor is false and God created the earth and its
creatures.

William You know, in Christianity the reason that there is death, the reason that
people die is because of sin, because of Adam and Eve’s first sin. It was
God’s original plan to never have death and... the Bible says because of
sin there is death. So, if all of that is true, and there were millions of years
before man even came and dinosaurs or you know, whoever was before
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man that would mean that there was a death before there was ever sin and
I don’t, I don’t believe that there was death before there was sin.

The preceding statements were demonstrative of the level of conflict that sur-
rounded evolution on a very personal basis among participants. Some examples of
conflicting ideas the participants held were such a fundamental part of their
closely-held religious belief system that acceptance of evolution would mean no
choice but to reject their faith and personal beliefs. For these participants it was not
simply a matter of misunderstanding or lacking scientific evidence supporting
evolution so much as that consideration of any evidence for evolution was seen as
questioning what they had accepted as a literal fact in their religious beliefs. As
such, a large part of changing attitudes and openness to teaching and learning of
evolution fell upon finding ways to mitigate the perceived conflict between science
and religion. It was easily noted through the stories where participants would fall on
the scale of acceptance based solely on their discussion of navigation of beliefs
relative to evolutionary content. Those who could not reconcile, or who were
unwilling to even consider evolution were on the low and very low ends. Those
who were able to move beyond the conflicts they originally perceived between their
beliefs and understanding were on the high and very high ends of the acceptance
scale. Those in the middle were just that, those able to, at the least, compartmen-
talize their thinking about evolution and religion in a way that allowed them to
consider both. As much as science can be rejected based on conflict with religion,
science can also become a refuge on the opposite end of the spectrum from those
who are turned away from their beliefs. One thing the narratives point to is that the
struggle with evolution goes well beyond simple understanding and knowledge,
although those two elements are also in need of address.

4.8 Conclusions

The dynamics of scientific and other worldviews, as seen here with Southern
preservice teachers, are key to understanding the controversy surrounding evolution
in the public sphere and the impact worldviews have on teaching and learning in
classrooms today (Anderson, 2007; Glaze et al., 2015; Hansson & Lindahl, 2010;
Hokayem & BouJaoude, 2008). Teachers, as well as students, “bring with them
ideas and values about the natural world that they have formulated based on their
own socio-cultural environment or from previous educational experiences”
(Cobern, 1999, p. 1). Worldviews vary among individuals, however, certain pat-
terns or themes can be found among those who are situated similarly in background,
education, location, and religion as in the Southeastern United States (Kincheloe &
Pinar, 1991). These worldviews may diverge from scientific worldviews and other
ways of knowing and make conflict resolution among existing and new information
very difficult (Griffith & Brem, 2004; Hermann, 2012; Sinatra, Brem, & Evans,
2008; Hermann, 2012).
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As Cobern stated, “nowhere in science is the overlap between scientific ideas
and other ideas in society more clear than with the theory of evolution. Evolution
has acceptance problems because it is hard for students to accommodate the con-
cepts of this theory within their cognitive culture” (1994b, p. 584). As a result,
confrontation with de facto information that clashes with these ideas and values
results in rejection and revolt simply because acceptance of conflicting ideas
involves the restructuring of deeply held beliefs and even personal identity
(Aikenhead, 2006; Hanson & Lindahl, 2010; Kahan, 2010, 2014; Shuumba, 1999;
Wood, Douglas, & Sutton, 2012). The navigation of these conflicts throughout the
lives of preservice teachers paints their choices regarding what and how they teach
in their classroom (Glaze, 2013).

Making headway in improving evolution instruction—and by extension public
scientific literacy—is much more complex than simply increasing training in con-
tent and pedagogy. When a teacher’s own beliefs are contradictory to the science,
even when it is in the standards, they often avoid or wash over the topic (Berkman
& Plutzer, 2010; Borgerding, et al, 2015; Griffith & Brem, 2004; Meadows et al.,
2000; Scharmann & Harris, 1992). For those who elect to teach so-called “con-
troversial” topics, they often do so at their own risk—risk of job, risk of conflict
with administration, and risk of social effects (Bloom, 2007; Borgerding, et al.,
2015; Bramschreiber, 2013; Hermann, 2013; Moore & Kraemer, 2005). As such,
teacher perceptions of evolution and how it will impact or be received by those they
teach largely inform their choices whether and how to approach it in the classroom
(Bowman, 2008; Catley, 2006; Veal & Kubasko, 2003).

4.9 Suggestions to Improve Evolution Education
in the Southeastern United States

The goal for science education in the 21st century is science for all, to build a
society that is scientifically literate and able to share in the logical decision making
needed for society to thrive as we move forward (Natural Research Council, 2011).
If pilot approaches are effective in the most difficult of audiences, then there is
potential for the resulting strategies and interventions to be successful in regions
where there is less controversy or in where there are similar underpinnings that
inform teaching and learning. To improve the teaching and learning of evolution
and, by extension, scientific literacy, scientists and science teacher educators alike
must reevaluate the ways we are reaching the public, preparing teachers, and
providing support that extends beyond the classroom. Decisions regarding the
teaching of evolution have wide implications in that each teacher will, over the
course of their career, impact thousands of students. Many of those students will
receive their only exposure to science during those primary and secondary edu-
cation years. For that reason, preservice education provides the most logical place
to focus our attentions and have the widest reach for impacting science education.
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In order to impact the teaching and learning of evolution on a wide scale in the
future, it is imperative that pre-service science teacher training focus on multiple
facets of the problem to address misconceptions, improve understandings, and
develop approaches for responsive teaching in k-12 classrooms. First, it is impor-
tant that the nature of science be included explicitly in both content courses and
methods courses for science teachers. Misunderstandings of the nature and pro-
cesses of science represent some of the most commonly used excuses for rejection
of evolution and the only way to correct these misconceptions is to address them
directly. Second, to counter known deficiencies in content when it comes to topics
such as evolution that are frequently skimmed or skipped, evolutionary theory must
play a larger role in the content training of pre-service science teachers. If we wish
for evolution to be taught as the unifying theory that it is, pre-service science
teachers must have a conceptually sound understanding of the content in that
context. Third, worldviews must be considered and addressed in pre-service science
teacher education. Specifically, pre-service science teachers should, in their edu-
cation coursework, have opportunities to explore and define their worldviews,
develop an understanding of the roles that worldviews play in their learning and in
teaching, and develop strategies that are culturally and socially responsive to
address some of those challenges. The goal is not taking away their worldview, but
rather to make pre-service science teachers aware of their worldviews and those of
others with whom they are engaged. The result of this more profound personal
connection is a concerted effort to leverage knowledge and experiences, adapt
instruction, and enhance explorations based on understandings of the dynamic
nature of learning and the learner.
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