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It takes a universe 
to make a child both  
in outer form and inner spirit.  
It takes a universe  
to educate a child.   
A universe to fulfill a child.   
 

Each generation presides over the meeting of these two in the 
succeeding generation… 
 

~ Thomas Berry 
 

Thomas Berry’s poem “It Takes a Universe to Make a Child” challenges those of us teaching 
science to consider more deeply the how and why of our approach to the subject of evolution. 
There are many routes to the same destination and the poem lays out the destination: To 
acknowledge and celebrate the story of the universe, to see ourselves as expression of that story, 
and to seek meaningful roles for ourselves and our species within the context of such a 
magnificent unfolding.   

The college-level science professor has an especially important role in presiding over the 
meeting of the child and the universe. How we approach this subject can make a difference in 
how our students perceive themselves, their work, and the direction of their lives. The route the 
college professor chooses for this journey can launch students into a joyous experience and 
immense satisfaction with excitement about continuing learning, or it may altogether suppress 
their desire to learn more about evolution. This is especially true for non-majors’ biology 
courses.  

Knowing that students in our courses for non-majors are in the last science course they will ever 
take, it is incumbent upon those of us teaching science courses to think very carefully about the 
subject matter. Those who see human health as the most important issue in biology will likely 
weight their courses to include mostly material related to cells, tissues, and organ systems.  
These courses tend to omit coverage of subjects related to planetary concerns such as ecology or 
extinction. However, there are many who see the profound error in focusing so greatly on 
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ourselves and so little on the rest of the planetary community. The implications of this self-focus 
are staggering given the impact humans are having on the life supporting aspects of the planet. 

 

It has been about 25 years since I abandoned the textbook in my non-majors biology course in 
favor of selected readings. Disgruntled with the molecules-and-cells-first approach of the 
textbooks and after many conversations with my uncle Thomas Berry, I embarked on a universe 
Story approach to the course in the early 1990s. Like all good universe stories, it begins at the 
beginning of the universe.  

My course is essentially about what science is and what it is not, the physical and biological 
origins of our world, and how we have come to have this knowledge. The course covers the basic 
principles of biology by moving through the major thresholds of increasing complexity leading 
to the origin and development of life. The biology of the present time, dominated by human 
activity, is changing in ecological and evolutionarily significant ways. Students come to learn 
that this very moment in time, this time in the history of life and the time in which they were 
born, is extraordinarily significant for humanity and the larger life community.  This is true on an 
evolutionary and geological time scale.  Few students become aware of this in the standard 
molecules-cells-tissues-first biology courses. Many remain oblivious to the order of magnitude 
of current events in biology of the planet. 

It is “real biology.”  For a long time, I did not know what to call the course. First, it was called 
Conservation Biology, then Epic of Evolution, then Integrated Science. Students would 
occasionally say “This is not real biology. Real biology focuses on molecules, genetics, and 
cells.”  My retort would begin “Of course it is real biology!  Origins of life, extinction, 
speciation, evolution and conservation are real biology.”  Later, when Big History came along, I 
decided to use that model to rename my course and began calling it Big Biology. Interestingly, I 
and have never been questioned about whether or not it is real biology since then. Names are 
important. 

Big Biology is basically a biological version of Big History with an emphasis on ecology and the 
history of life. The content regarding the origins of the universe, elements, stars, galaxies, solar 
system, Earth, and life are essentially the same as many of the Big History courses in this regard. 
Early on, students are introduced to Thomas Berry’s poem It Takes a universe and are charged 
with focusing on the question “Why is the statement ‘It takes a universe to make a child’ literally 
and scientifically true?”  Other topics that Big Biology and Big History share are those such as 
human evolution and climate change.  

Big Biology is also concerned with the causes and consequences of historical mass extinctions 
and this material is followed by a discussion of their similarities and differences of those events 
with the Sixth Extinction. Global extinction in modern times is considered along with other 
forms of extinction such as extirpation of species (local extinction) and other topics such as 
habitat fragmentation, loss of wetlands, clean water, impacts of roads, and disruption of species 
interactions. Time is spent on the mechanisms of evolution and the ecological processes that 
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underlie change in life communities. We ask: What human activities are occurring today that 
our descendants will find it very difficult to forgive us for?  

Big class, big biology, big task.  At my university there are lots of sections of the non-majors 
biology course each term since it fills a general education requirement in the College of Arts and 
Sciences. Other courses also fill the same requirement so the students have choices.  All the 
sections are large, enrolling between 100-300 students.  My section is generally the largest of 
because it falls at a convenient time of day for many undergraduates. Part jocularly and part 
seriously, courses of this nature are called “large enrollment- low motivation” courses.  

In this class, students are at all levels of their undergraduate experience, but enrollment is 
weighted towards the younger undergraduates (~ 35% freshmen, 35% sophomores, 20% juniors, 
10% seniors). Incoming freshmen at my university have an average SAT score of 1044 of a 
possible 1400.  

It is no surprise to those of us teaching science in the South that evolution is not well accepted.  
The United States has more Christians than any other nation, and fundamentalist Christianity is 
highest in the South (Pew Research Center, 2014). Teaching evolution here and in other regions 
commonly known as the “Bible Belt” has always been controversial. Many private Christian 
schools teach only Young Earth Creationism (literal translation of Genesis) and some states 
allow publicly funded schools the option of not teaching evolution (Appendix I from Kirk, 
2014). 

Many high-school science teachers either lack content knowledge, are afraid to teach the topic 
(Bailey and Bailey 2007) or carefully avoid the e-word when they teach evolution (Dean 2005) 
for fear of backlash from parents and administrators. Hence, students arriving in our college 
classrooms often have an incomplete or distorted understanding of evolution or its status in the 
scientific world.  A student in one of my upper level biology courses wrote about her experience 
coming from a private Christian school: 

“I was taught that evolution is just a theory, there is not enough evidence to prove it as 
fact. Evolutionists don’t even agree amongst themselves how it happened. The fossil 
record does not support Darwin’s ideas; there have been no transitional forms 
discovered, no “missing links.” 

Growing up in the Bible belt, I was well versed in Christian philosophy and apologetics 
as a teenager and young adult, not only at school but also at church. When I arrived in 
the college classroom, I heard nothing new, nothing to convince me that my education 
thus far was erroneous. After four years of university and two years specifically studying 
biology, chemistry, anatomy and physiology, I graduated with a kinesiology degree from 
UNC Chapel Hill. I honestly don’t even remember studying evolution in any great detail 
throughout my college career. Of course it was mentioned, but almost as if it was a given 
assumption that didn’t need explanation.  I made it to the age of twenty-six with a college 
degree from one of the best public universities in one of the most scientifically advanced 
nations in the world, still believing Creationism.  Not because I refused to believe hard 
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evidence supporting evolution, but because I had heard no evidence supporting evolution 
at all.  I didn’t even think there was any!  I thought it was an unsubstantiated theory 
clung to by atheists hoping to one day disprove the existence of a Creator.      ~ L.P. 
 

More than one student coming from a private Christian school has explained to me that they had 
been taught that evolution could not be true since they had been told that Darwin himself had 
recanted his statements about it on his deathbed. My response is “supposing that were true, in 
science this would make absolutely no difference. Science is based on evidence. In order to know 
if an idea can be supported, one needs to look at nature, not at deathbed statements.”  In such 
times, it is useful to evoke the words of Timothy Ferris (1998), “Science heeds no authority but 
that of nature.” 

 
Many college students across the spectrum from non-majors, to secondary science education 
majors, to some biology majors have an abbreviated introduction to the subject of evolution, 
which is most assuredly inadequate for the contemplation of its implications for living, life, or 
the future of life. At many, perhaps most, institutions of higher learning, cellular, molecular, and 
developmental biology have precedence in the curricula in introductory biology. This is certainly 
true for textbooks. 

Local high-school science teachers have reported to me that they did not received adequate 
instruction about evolution in their college biology classes and did not discuss evolution in their 
teaching-science methods classes (pers. comm. with teachers also teacher educator Dr. Catherine 
Scott). Some teachers may have tested-out of prerequisite courses in biology where evolution is 
explicitly covered, albeit briefly, and advanced to upper level courses where evolution is implied 
in most of the material, but rarely is addressed specifically.   

Indeed, there may be widespread avoidance of e-word, not just in biology courses but in the 
professional world such as in biomedical journals (Antonovics et al. 2007) where, instead of the 
word “evolution,” words such as “emerge” and “arise” are used to describe the results 
evolutionary processes at work such as the evolution of antibacterial and pesticide resistance. 

Active Participation and Take a Position.  The techniques I use are somewhat similar to those 
of Nelson (2008) and involve 1) active participation, 2) focusing on scientific and critical 
thinking rather than content, 3) directly addressing misconceptions about science, especially as it 
relates to Young Earth Creationism (the form of creationism which holds that the Earth and the 
universe are approximately 6000 years old).  One active learning strategy is called “Take a 
Position” whereby students take a stand on a certain issue (Lenov 2010) and by doing so become 
more engaged in the discussions.  This also allows them to change their minds if their stance 
changes as a result of the instruction.  

Near the beginning of the semester, immediately prior to the Nature of Science unit, students 
answer in-class survey questions to help them clarify their existing ideas about the nature of 
science and the theory of evolution. They use a remote response system (iClickers) to answer 
survey questions designed to assess their attitudes and understanding of science (see examples of 
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responses in Appendices I-III).  Questions are worded similarly to those used in polls conducted 
by Gallup, Pew Research Group, and others so their responses can be compared with those of the 
general public. Later, as we maneuver through the Nature of Science unit, the results are made 
available to the students when they are used in subsequent in-class lectures to drive discussion 
and instruction.  

The primacy of understanding the nature of science. Big Biology focuses on scientific and 
critical thinking rather than on content. Fundamental to this strategy is covering the nature of 
science in some depth. This can be the perfect introduction to understanding evolution and its 
place in the intellectual life of the Western World. Especially important is to emphasize the role 
of criticism, the nature of peer review, and the strengths of scientific methodology as a means of 
discovery.  Big Biology is most meaningful when one understands the processes that lead to 
discoveries. The limitations of science are also recognized.   

Dwell on the language, especially on the word theory.  Misunderstandings about science are 
widespread. Using the inquiry method, the class enters into a discussion regarding the words fact 
and theory, and how the word theory has multiple meanings depending on if it is used in a 
scientific context or not.  The appropriate use of the phrase “just a theory” is discussed.  A 
common misconception is that scientific theories are hunches that can one day become “proven 
fact” if enough evidence exists to support them. A fact is described in the course as a hypothesis that 
is so firmly supported by evidence that we assume it is true, and act as if it were true. Facts and theories 
are different things, not rungs in a hierarchy of increasing certainty (Moran, 1993). Facts are the 
world's data (Gould, 1983).  

Scientific theories don’t graduate into laws either. Theories are larger than laws, so that 
"upgrading" a theory to a law or fact would actually be a downgrade (Infoskep, 2016).  A 
scientific law describes an observed phenomenon. It doesn't explain why the phenomenon exists 
or what causes it. Theories are structures of ideas that explain and interpret facts and provide 
coherent frameworks into which observable data fit.  Using the term “just a theory” to dismiss a 
scientific theory with a considerable amount of supporting evidence it, is to dishonor the 
seriousness of the intellectual pursuit. 

The term “embedded theory” is used to describe theories like the theory of evolution, the cell 
theory, and others that serve as the tested, verified foundation for scientific understanding of life 
and the processes of life. Like all scientific ideas, embedded theories can be upset with evidence.  
The word “prove” is used to suggest that there is complete certainty regarding an explanation 
and so for this reason use of the word is discouraged. The use of the word “prove” is disallowed 
in recognition that all knowledge is provisional and absolute certainty is not possible. Science 
must always be open to change with new evidence. Instead, ideas with supporting evidence are 
referred to as “supported” “highly supported”  “probable” “highly probable.” Other terms of 
importance to clarify in class are Young Earth Creationism, transitional fossil, dogma, and peer 
review. 
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Be explicit that traditional accounts of origins of creation are important. Students are asked 
to consider the commonalities of origin stories from around the world, recognizing that they 
often share the following features: creation begins with a void, stories are set in the dim and 
distant past and generally offer a reason for the creation, and they are a means of transmitting 
values and meaning.  

Build a Bridge. Students who have not had an adequate introduction to the topic of evolution 
benefit from having a bridge from their existing worldview to a new perspective. It is not that so 
many students in the South are close-minded people who simply refuse to accept the science of 
evolution, but that many of them have not been exposed to accurate information on the subject.  

A few things are important to know about the students in the South: 

• Most students are very interested in the topic of evolution, particularly human evolution. 
• For some students, to say that humans evolved from earlier primates is to call their 

daddy, granddaddy and preacher man a liar. These are the people who are most important 
in their lives, who have loved and cared for them, so don’t be surprised if the subject of 
evolution is an emotional topic for them.   

• There are ways to discuss scientific evolution and honor the traditions students have 
grown up with. Hence, the importance of being explicit about the importance of 
traditional origin stories (see next section) and at the same time be clear that texts written 
by ancient humans do not meet the rigorous standards of evidence expected in science. 

• The “creationism is just wrong” approach is insulting and ineffective, but is still being 
used in college classrooms. Confrontation of ideas should occur in an atmosphere of 
respect.  Emphasize that science is based on evidence.  

Overcoming the obstacles. Methods that have been helpful to me in this pursuit are:              

a) being direct about the fact that yes, scientific findings do conflict with a literal 
interpretation of Genesis;  

 

b) allow open discussion of the “God as Creator” question by asking Do science and religion 
necessarily conflict? and Do our origin stories, both scientific and traditional, make a 
difference?  

c) comparing views of a prominent evangelist and a well-known scientist of how this might 
impact views of creation God. evoking the words of renowned Christian evangelist Dr. Billy 
Graham as an alternative to literalism for fundamentalist Christians’’ 

 “I don't think that there's any conflict at all between science today and the Scriptures. I 
think that we have misinterpreted the Scriptures many times and we've tried to make the 
Scriptures say things they weren't meant to say, I think that we have made a mistake by 
thinking the Bible is a scientific book.  
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The Bible is not a book of science. The Bible is a book of Redemption, and of course I 
accept the Creation story. I believe that God did create the universe. I believe that God 
created man, and whether it came by an evolutionary process and at a certain point He 
took this person or being and made him a living soul or not, does not change the fact that 
God did create man. ... whichever way God did it makes no difference as to what man is 
and man's relationship to God."   (Frost and Bauer, 1999)   

Note: The students sometimes break out in applause when I read this statement.  

d) comparing Graham’s view with Einstein’s regarding how religion and science relate. In 
particular, contrast Graham’s view that “whichever way God did it makes no difference as to 
what man is and man's relationship to God” to that of Albert Einstein (1930) who thought 
the religion could be ennobled by science, “After religious teachers accomplish the refining 
process indicated, they will surely recognize with joy that true religion has been ennobled 
and made more profound by scientific knowledge.” 

e) teaching that the evolution of all life including human life occurs within the context of the 
evolution of the universe, so that it is all one story; 

f) giving students a chance to express their views in class, since many Catholics, mainstream 
Protestants, and Muslims are not faith-conflicted by accepting evolution (but this is always a 
wildcard).  
 
g) when teaching human evolution, emphasize forces driving evolution and that viewing 
humans as a species among species is scientifically valid.  At the same time, recognize those 
features that make humans different from any other life form that has ever existed on Earth. 

Level of education is important in the acceptance of evolution. Students are exposed to 
Gallup Poll results suggesting that the acceptance of evolution increases with education, which 
likely accounts for the fact that the number of respondents in our class accepting evolution (44-
49%) is about 10% higher than the general public (Gallup, 2014).  I do not repeat the question at 
the end of the semester because by then they have received instruction about the difference 
between “believing” and “accepting the evidence” and hopefully understand why using the word 
“believe” is problematic and reveals a lack of understanding of the process of science. 

The factual evidence for organic evolution is presented in my course mid-semester, and again, 
the emphasis is on critical thinking rather than on content. During this period of instruction 
students are introduced to the Modern Synthesis, our current understanding that the forces 
driving evolution encompass many processes in addition to natural selection, such as genetic 
drift, gene flow, and mutation. The evidence for evolution is well beyond that which Darwin 
provided and there have been many opportunities along the way to discount the theory, for 
example, the science of genetics which, instead of refuting evolution, has offered strong support. 
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Each semester students approach me after classes and by email to thank and compliment me for 
presenting the material in a sensitive and clear manner. Dozens mention this as their favorite unit 
in the end-of-course evaluations. 

It is profoundly rewarding to preside over the meeting of the universe and the child, a charge 
Thomas Berry inspired early in my career. The methods outlined here provide an important 
bridge between the ideas students in the South bring to college and a new understanding of life, 
the processes at work in the universe, and some of the ways we come to know them. Building the 
bridge allows new ideas to communicate effectively with existing ones, hence providing 
opportunity for the new ideas to be authentically incorporated into the student’s thinking. As 
Thomas Berry noted, because of scientific findings in the last century, for the first time we can 
tell the universe story, the earth story, and the human story as a single comprehensive narrative 
(1987).  Every college student should have the opportunity to learn the story and to know why it 
takes a universe to make a child. 
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Appendix 1 
     Map of Publically Funded Schools That Are Allowed to Teach Creationism 

(Kirk, 2014) 
 

 
Green:     Louisiana and Tennessee allow public schools to opt out of teaching evolution 
Red:        Charter schools that receive tax-funded vouchers 
Orange:   Private schools that receive tax-funded vouchers 
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Appendix II 
 

Responses from of various nations to the statement "Human beings, as we 
know them, developed from earlier species of animals."  (Miller et al. 2006). 

Responses of UNCG students below graph. 
 

 

The responses of my college students to the same question in 2010 yielded results similar to the 
Miller et al. 2006 study, but recent polling in 2016 suggests this is shifting.  
 

 
 
 
 

 
 
 
 
 
 
 

 Yes   No   not sure  
Bio 105 Fa10, N = 209  37%  44%  18% 
Bio 105 Sp16, N = 197 46%  38%  16% 
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Appendix III. 
 
Responses of UNCG students to various questions related to the topic of 

evolution with some comparisons to national polls. 
 
1. Which of the following statements comes closest to your views on the origin and 

development of human beings? (Note: The word God is replaced with the word Divine 
Being in Big Biology out of respect for the many different religions represented in this 
large class). 
a) Human beings developed over millions of years from less advanced forms of life, but 

a God guided this process. 
b) Human beings developed over millions of years from less advanced forms of life, but 

God had no part in this process.  
c)  God created human beings pretty much in their present form at one time within the 

last 10,000 years or so.  
d) Other/No Opinion.  

 
 

  Humans 
developed with 

God guiding 

Humans 
developed, 
God had no 

part 

God created 
humans in 

present form 

Other/ 
No 

opinion 

Gallup ’14, May 8-11     31% 16% 42% 6% 
Bio 105, Sp16, N= 197      40% 20% 38% N/A 

 

 

2. Theories “graduate” to fact once they are proven.  
 

 
 
 
 
 

3. When the units Nature of Science and Origin of the universe are completed students are 
sometimes asked:  Since covering the Nature of Science unit I have a much better understanding 
of the way the word theory is used in science as opposed to popular language.  
 

 

 True False 
Bio 105 Sp11 N = 254  53% 47% 
Bio 105, Sp16, N= 197  63% 33% 

 True  False  Unchanged 
Bio 105 Sp11, N = 254 75%      5%         20% 



The following material should be considered 
supplemental to the complete presentation 
on Big Biology the IBHA presentation on 15 
July 2016. 
 
The slides with the dinosaur figures introduce 
points that are made on slides that follow. 



Dang-it 
Chris, I told 

you so… 

Presenter
Presentation Notes
From L. scienca “to know”The main part of the lecture begins here



BIG BIOLOGY: 
STRATEGIES FOR TEACHING EVOLUTION IN 
THE SOUTHERN UNITED STATES 

ANN BERRY SOMERS 
DEPARTMENT OF BIOLOGY 

UNIVERSITY OF NORTH CAROLINA AT GREENSBORO 



Green:    Louisiana and Tennessee allow public schools to opt out of teaching  
 evolution 
Red:       Charter schools that receive tax-funded vouchers 
Orange: Private schools that receive tax-funded vouchers 

Compiled by SLATE 

Presenter
Presentation Notes
Louisiana and Tennessee both have state laws allowing public schools to opt out of teaching evolution, but, as the map shows, that's not the only way that creationism can make it into the classroom. The public schools teaching creationism are shown in green — but there's also charter schools (shown in red) and private schools that receive tax-funded vouchers (in orange).



“At my private Christian school, evolution is taught 
as “just a theory”, [that] there is not enough evidence 
to prove it as fact. [We were taught that] evolutionists 
don’t even agree amongst themselves how it 
happened. The fossil record does not support 
Darwin’s ideas; there have been no transitional forms 
discovered, no “missing links.” 

    Lindsay Poole, UNCG student 



“The only opportunity for exposure to evolution was in a 
senior biology course which was limited to 12 students per 
year. Evolution wasn’t mentioned in genetics, and in general 
biology the students were actually told by the department 
head not to read the section in their books on evolution—that 
they would be provided a separate chapter on creationism. 

 

~ Robert Isdell, transferred to UNCG from a Christian 
University in Tennessee 



 

Freshman      Sophomore    Junior       Senior          Other  



 
ACTIVE PARTICIPATION 

 
TAKE A POSITION 



THE FOLLOWING ARE EXAMPLES OF PART OF THE 
ACTIVE LEARNING USED IN BIG BIOLOGY, WHICH 
ENROLLS HUNDREDS OF STUDENTS EVERY TERM. 
 
THE RESPONSES TO THE QUESTIONS ARE SHOWN 
WITH THE QUESTIONS HERE BUT STUDENTS 
DON’T SEE THEIR RESPONSES RIGHT AWAY. 



The following questions deal with a controversial 
topic. 

 
Responses are anonymous. 

 
Talking during this survey will be considered a 

violation of the academic integrity policy. 
 



 
 
Which of the following statements comes closest to your 
views? 
 
 
 

a) Human beings developed over millions of years from  
less advanced forms of life, but a Divine Being guided this 
process. 
 

b) Human beings developed over millions of years from less 
advanced forms of life, but a Divine Being had no part in this 
process.  
 

c)  A Divine Being created human beings pretty much in their 
present  form at one time within the last 10,000 years or so.  
 

d) Other/No Opinion.  
 

a b c d 
Gallup Poll 2014 31%  19%  42%  8%  

Bio 105 Sp16  40%  20%  28%  12%  

Presenter
Presentation Notes
This question matches a Gallup Poll question which is why it is worded this way ( as a comparison).The following are results of Sp 08 Bio 105-02 which I give them when I talk about human evolution later in the semester42%   a) Human beings developed over millions of years from �                   less advanced forms of life, but God guided this process;� �12%    b) Human beings developed over millions of years from �                less advanced forms of life, but God had no part in this process; ��36%   c) God created human beings pretty much in their present �                  form at one time within the last 10,000 years or so. ��9.3%   d) Other/No Opinion"Only 10 percent [of Americans] said they believe in evolution with no participation from God". Among scientists and engineers, only 5% hold the literal Bible view, 40 % believe in theistic evolution and a majority, 55% believe in evolution without help from God."





NATURE OF SCIENCE  
IS THE FOUNDATION FOR TEACHING 
EVOLUTION AND BIG BIOLOGY 



SCIENCE IS METHODICAL AND BASED ON 
EVIDENCE (NOT VOTES) 

Science is not democratic. 

Presenter
Presentation Notes
Embedded scientific theories are based on evidence, not votes. When the word theory is used to describe an embedded theory, the phrase “just a theory” is inappropriate. After the baseball inning: how many runs?  Answer is based on evidence, not votes.  Based on data collection, not votes.Need a similar image, this is from the Berkley evolution site.



 

Presenter
Presentation Notes
Scientists disagree about some of the details of evolution, but not whether evolution occurs or not



 Central to science is 
 

• Doubting 
• Questioning 
• Testing 
• Criticizing 
• Exploring alternative explanations 
 

 SCIENCE IS NON-DOGMATIC 



Limitations of Science 
 • Science cannot make moral or aesthetic 

decisions.  (But, science can inform decisions) 
 

•  Science cannot guide itself.  
 

• Though science is highly descriptive, it cannot 
adequately describe some of the most profound 
and meaningful experiences of life. 

 

Presenter
Presentation Notes
Explain role of arts and humanities, religion and philosophy in describing profound human experiences with meaning.  Scientific explanation of blood chemistry changes during childbirth is not as adequate at say a poem, song, etc.Other examples music, etc.



DWELL ON THE WORDS, ESPECIALLY 
THE WORD THEORY 



1. popular use 
2. scientific theory  
  

THEORY 



THEORY  
        1. POPULAR USE  

• assumption without evidence; a hunch 
 
• conjecture; opinion 

 
• phrase “just a theory” is appropriate 

 
 
  

Presenter
Presentation Notes
We can examine three different ways in which this word is used.  The first is how it is used in everyday language, or popular use.  In this use, theory can be considered an assumption based on a limited amount of information or knowledge. Assumptions without evidence are sometimes called theories as in “I have a theory about what was in the stew that was served in the cafeteria.”  or “I have a theory about why Crystal broke up with James.” “why Johnny left school in the middle of the semseter” The popular use of the word theory means a guess or a hunch.  When used in this manner, the phrase “just a theory” is appropriate.  



 
 
 
 

• testable 
 

• presents framework for making 
sense of observations 
 

• makes predictions 
 

• refutable 
    -  also see glossary 

 

THEORY  
  2.  SCIENTIFIC  USE 
 

Presenter
Presentation Notes
Secondary succession: Predicts a change in ecological communitiesA scientific theory (link to glossary at http://www.uncg.edu/bio/ConBio105/info/glossary2.htm#runoff:) is defined quite differently.  (the following is partially from wikipedia) In scientific usage, a theory does not mean an unsubstantiated guess or hunch, as it often does in other contexts. A scientific theory is a general statement which describes related facts and is rendered more or less plausable by the evidence. When the word theory is used in this manner, the phrase “just a theory” is inappropriate. A scientific theory is a set of hypotheses that are coherently bound together and applicable to a large number of related phenomena. Scientific theories are never proven to be true, but can be disproven. All scientific understanding takes the form of hypotheses, or conjectures. Sometimes theories become obsolete if, over a period of time and in light of continuing investigations, they are no longer considered a good explanation for the observed phenomena.  The theory of Spontaneous Generation of the middle ages fits the description of an obsolete scientific theory.  This theory sought to explain the appearance of life where none was observed before and postulated that living things arise spontaneously from non-living material when a “vital force acts on the non-living material.”  Rags could turn into mice, and meat into maggots.  Many hypotheses and theories of the past seemed adequate at the time, but have subsequently been rejected or modified due to lack of scientific support; however, they are still scientific theories because they seek to explain a related set of phenomena. 



 
 SCIENTIFIC THEORY  
 

embedded 
- rigorously tested, 

strongly supported. 
- no  viable competing 

theories 

tentative 
- testable, but not yet 
rigorously tested,  
 

 

Presenter
Presentation Notes
The invention of the microscope and other discoveries lead to the theory of Spontaneous Generation being replaced by the Cell Theory, which postulates that all life is based on cells and that all cells arise from other cells on modern Earth.  The cell theory is now considered an embedded theory (link to glossary at http://www.uncg.edu/bio/ConBio105/info/glossary2.htm#drainage) . Theories with a wide range of support that have withstood many levels of criticism over a long period of time come to be known as embedded theories and are then considered the “defending champ.”  Examples of other embedded theories are the Germ Theory of disease transmission, Watson and Crick’s theory of the structure of the DNA molecule, and the theory of Evolution by Means of Natural Processes.  Dna confirmed: In 1953, based on X-ray diffraction images[134] taken by Rosalind Franklin and the information that the bases were paired, James D. Watson and Francis Crick suggested[134] what is now accepted as the first accurate model of DNA structure in the journal Nature.[5] Experimental evidence for Watson and Crick's model were published in a series of five articles in the same issue of Nature.[135] Of these, Franklin and Raymond Gosling's paper was the first publication of X-ray diffraction data that supported the Watson and Crick model,[136][137] this issue also contained an article on DNA structure by Maurice Wilkins and his colleagues.[138] In 1962, after Franklin's death, Watson, Crick, and Wilkins jointly received the Nobel Prize in Physiology or Medicine.[139] However, speculation continues on who should have received credit for the discovery, as it was based on Franklin's data.



- has some support from rigorous scientific 
investigation 
 

- not considered conclusive at this time 
 

- may be competing with other theories which 
also are supported with evidence  
 

-  “just a theory” 

TENTATIVE THEORY  
(SOME EVIDENCE, NOT CONCLUSIVE) 
 
 



- is well established through strong support 
from a wide range of studies over a 
considerable period of time;  
 

- one that has withstood considerable amount of 
criticism from a wide range of scientific 
disciplines.  

 

- “just a theory” 

THEORY  
(EMBEDDED THEORY) 
 

DEFENDING CHAMP!  
 
 

Presenter
Presentation Notes
The invention of the microscope and other discoveries lead to the theory of Spontaneous Generation being replaced by the Cell Theory, which postulates that all life is based on cells and that all cells arise from other cells on modern Earth.  The cell theory is now considered an embedded theory (link to glossary at http://www.uncg.edu/~absomers/glossary2.htm#drainage) . Theories with a wide range of support that have withstood many levels of criticism over a long period of time come to be known as embedded theories and are then considered the “defending champ.”  Examples of other embedded theories are the Germ Theory of disease transmission, Watson and Crick’s theory of the structure of the DNA molecule, and the theory of Evolution by Means of Natural Processes.  



 
The Germ Theory of Illness 

The Heliocentric Solar System 
The Atomic Theory of Matter 

The Cell Theory 
Theory of Evolution by Means of Natural Selection 

 
 

SOME SCIENTIFIC THEORIES… 



SCIENCE IS ALWAYS PROVISIONAL 

prove 

Complete certainty is beyond our reach 



• support 
• demonstrate 
• highly probable 

 

Presenter
Presentation Notes
In November of 1919, at the age of 40, Albert Einstein became an overnight celebrity, thanks to a solar eclipse. An experiment had confirmed that light rays from distant stars were deflected by the gravity of the sun in just the amount he had predicted in his theory of gravity, general relativity. General relativity was the first major new theory of gravity since Isaac Newton's more than 250 years earlier. �It has never been proven, and it never will be. However, there is a vast amount of evidence consistent with it, and so far nothing has contradicted it either. Einstein didn't prove the theory -- he just created it. �This is why your gps works – if calcualations were based on Newton – it would be off by 



a  b      c        d         f  

tentative embedded 

How well is theory of evolution supported by 
evidence? 

Sp 10, Bio 105       15%      20%           40%           20%         5%      

Sp16, Bio 105        11%      21%           31%           25%      12% 

Presenter
Presentation Notes
95% of scientists recognize evolution as best fitting the evidence, and that there is an enormous amount of supporting evidence.Sp09       A=73       B=29       C=66       D=15



COMPARE PUBLIC AND STUDENT 
ATTITUDES WITH WHAT SCIENTISTS SAY 
TO DEMONSTRATE THAT MUCH BETTER 
EDUCATIONAL STRATEGIES ARE NEEDED 



a  b      c       d         e  

12%  
Sp16 Bio 105 students  

      

How well is evolution supported by 
evidence? 

99%  
Life and Earth scientists 

(Science, August 11, 2006) 

Presenter
Presentation Notes
95% of scientists recognize evolution as best fitting the evidence, and that there is an enormous amount of supporting evidence.Sp09       A=73       B=29       C=66       D=15



True False  not sure 
Bio 105 Fa10 

N = 209 37% 45% 18% 

Bio 105 Sp16 
N = 197 46%  38% 16% 

Human beings, as we know them, 
developed from earlier species of animals. 





There are no scientific theories 
competing with evolution. 

What does it take to upset an embedded 
theory? 

EVIDENCE! 



THEORIES “GRADUATE” TO FACT ONCE THEY  
ARE PROVEN.    TRUE OR FALSE?  

a) true      63%   
b) false      33% 
c) not sure    5% 

Bio 105 Sp16 



Facts and theories are different things, not rungs in a 
hierarchy of increasing certainty. 

THEORIES DO NOT “GRADUATE” TO 
FACT. 

Presenter
Presentation Notes
http://www.stephenjaygould.org/library/gould_fact-and-theory.htmlWell, evolution is a theory. It is also a fact. And facts and theories are different things, not rungs in a hierarchy of increasing certainty. Facts are the world's data. Theories are structures of ideas that explain and interpret facts. Facts do not go away when scientists debate rival theories to explain them. Einstein's theory of gravitation replaced Newton's, but apples did not suspend themselves in mid-air, pending the outcome. And humans evolved from apelike ancestors whether they did so by Darwin's proposed mechanism or by some other, yet to be discovered.Moreover, "fact" does not mean "absolute certainty." The final proofs of logic and mathematics flow deductively from stated premises and achieve certainty only because they are not about the empirical world. Evolutionists make no claim for perpetual truth, though creationists often do (and then attack us for a style of argument that they themselves favor). In science, "fact" can only mean "confirmed to such a degree that it would be perverse to withhold provisional assent." I suppose that apples might start to rise tomorrow, but the possibility does not merit equal time in physics classrooms.



A fact is an objective, verifiable 
observation. Facts are the world's data.  

 



It is a misconception to say that theories 
turn into facts or laws with enough 

research. 
 



A fact is a hypothesis that is so firmly supported by 
evidence that we assume it is true, and act as if it 
were true. 

EVOLUTION AS FACT AND AS THEORY 

Scientific Fact: 
Humans evolved over millions of years from 
less advanced forms of life.  



A scientific law describes an observed 
phenomenon.  
 
It doesn't explain why the phenomenon exists 
or what causes it. 
 



The explanation of the phenomenon is 
called a scientific theory. 

Theories are structures of ideas that 
explain and interpret facts 



In science, laws and facts are the 
starting place. 



Theories answer why and how. 



Theories are larger than laws, so 
that "upgrading" a theory to a law or 

fact would actually be a downgrade. 



Extinction 

Biogeography 



BE EXPLICIT 
 

Presenter
Presentation Notes
Discrepancy between how public perceives evolution and how scientists view evolution is a good example of scientific illiteracy.  Public in general largely misunderstands process of science, the nature of peer review, how the word theory is used in science v. vernacular, and what constitutes evidence.



VALID SCIENCE REQUIRES 
METHODOLOGICAL MATERIALISM 

- scientists restrict themselves only to material causes  
                         (to matter, energy, and their interactions) 
 

WHY?   It works! 

Presenter
Presentation Notes
Most scientists today require that science be carried out according to the rule of methodological materialism: to explain the natural world scientifically, scientists must restrict themselves only to material causes (to matter, energy, and their interaction). There is a practical reason for this restriction: it works. By continuing to seek natural explanations for how the world works, we have been able to find them. If supernatural explanations are allowed, they will discourage - or at least delay - the discovery of natural explanations, and we will understand less about the universe. ��There is also a logical reason for methodological materialism: the essence of science is the testing of alternate explanations against the natural world. To "test" means to hold constant or control some factors. 



Science can neither validate nor invalidate 
the existence of God or any other 

supernatural entity. 

science makes no assertions about any reality 
outside of nature  

 



Favor Oppose Don’t know 
Pew Research Ctr 

July 2005 64% 26% 10% 

        Bio 105 Sp16 36% 39% 25% 

Should we teach “both sides” 
(creationism and evolution) in public 
schools science classrooms? 



Why not "teach both sides” in science 
classrooms? 
 

• There are hundreds of origin stories from around the 
world, so there are not “two sides” 

• In science, there are no theories competing with evolution, 
so there are not “two sides” 

• Science teachers are not qualified to teach religion or any 
other humanities 

• Standards for judging science and humanities differ 
• Traditional and scientific accounts are both important 

Presenter
Presentation Notes
There are hundreds of creation stories throughout the world that come from cultures everywhere.  Not just Genesis.This would be like teaching astrology in an astronomy course or alchemy in a chemistry class. There are not "two sides" to the science. Evolution is a scientific theory that seeks to explain how life on earth has changed over time, while ID is simply an ideology that attacks science and asks that its ideas be accepted as if they are true. Evolution and ID address different topics, employ different methods and certainly should be judged by entirely different standards. 



IN EVERY U.S. COURT CASE WHERE THIS HAS BEEN 
TESTED, THE DECISION UPHELD WAS THAT: 
 
“Creation science” fails to meet the essential 
characteristics of science and that its chief intent is 
to advance a particular religious view.” 
 



BUILD A BRIDGE 

Presenter
Presentation Notes
Do scientist prove things? Complete certainty is beyond our reach.  We can’t prove something is true – only say that it is the best explanation available at the present time. Scientists are not in the business of proving or disproving, rather they seek answers to questions that can be answered by examining data. Science is done by people with biases and shortcomings, but within the discipline of the scientific enterprise lies a method to correct error over time. Science is considered self-correcting because it thrives on criticism and discovery. To survive, scientific ideas must withstand rigorous standards of evidence. One important part of this is called peer review.  Dogma: proclaimed as true without proof What is the difference between science and belief?In science, criticism is valued.  Results of scientific investigations are presented in a public forum so that other scientists may critique the methodology or conclusions. Presenting & publishing the results to a body of peers usually a scientific journal written by and for scientists, opens the work up for examination and criticism. (link to peer review http://www.uncg.edu/bio/ConBio105/info/PeerReviewStatement.htmdog·ma . 1.a system of principles or tenets, as of a church. 2.a specific tenet or doctrine authoritatively laid down, as by a church: the dogma of the Assumption. 3.prescribed doctrine: political dogma. 4.a settled or established opinion, belief, or principle. [Origin: 1590–1600; < L < Gk, equiv. to dok(eǐn) to seem, think, seem good + -ma n. suffix ] 



SCIENCE AND RELIGION 
 

Do and science and faith necessarily 
conflict? 



NATURE AND ORIGIN OF 
UNIVERSE 

 

One of humanity’s most enduring 
questions 

   



 

The ancient Egyptian cosmos, simplified version 

Presenter
Presentation Notes
The Egyptians conceived of the cosmos as including the gods and the present world—whose centre was, of course, Egypt—and as being surrounded by the realm of disorder, from which order had arisen and to which it would finally revert. Disorder had to be kept at bay. The task of the king as the protagonist of human society was to retain the benevolence of the gods in maintaining order against disorder. This ultimately pessimistic view of the cosmos was associated principally with the sun god and the solar cycle. It formed a powerful legitimation of king and elite in their task of preserving order.



HINDU COSOMOGRAM 



NAVAJO 
COSMOS 



Iroquois 
Sky woman falls 

Presenter
Presentation Notes
Keller George, Wolf Clan Member of the Nation's Council, relates the following story his maternal great-grandmother told to him about the birth of the Evil Spirit and the Good Sprit.��Long, long ago, the earth was deep beneath the water. There was a great darkness because no sun or moon or stars shone. The only creatures living in this dark world were water animals such as the beaver, muskrat, duck and loon.��Far above the water-covered earth was the Land of the Happy Spirits, where the Great Spirit dwelled. In the center of this upper realm was a giant apple tree with roots that sank deep into the ground.��One day the Great Spirit pulled the tree up from its roots creating a pit in the ground. The Great Spirit called to his daughter, who lived in the Upper World. He commanded her to look into the pit. The woman did as she was told and peered through the hole. In the distance, she saw the Lower World covered by water and clouds.��The Great Spirit spoke to his daughter, telling her to go into the world of darkness. He then tenderly picked her up and dropped her into the hole. The woman, who would be called Sky Woman by those creatures watching her fall, began to slowly float downward.��As Sky Woman continued her descent, the water animals looked up. Far above them they saw a great light that was Sky Woman. The animals were initially afraid because of the light emanating from her. In their fear, they dove deep beneath the water.��The animals eventually conquered their fear and came back up to the surface. Now they were concerned about the woman, and what would happen to her when she reached the water.��The beaver told the others that they must find a dry place for her to rest upon. The beaver plunged deep beneath the water in search of earth. He was unsuccessful. After a time, his dead body surfaced to the top of the water.��The loon was the next creature to try to find some earth. He, too, was unsuccessful. Many others tried, but each animal failed. At last, the muskrat said he would try. When his dead body floated to the top, his little claws were clenched tight. The others opened his claws and found a little bit of earth.��The water animals summoned a great turtle and patted the earth upon its back. At once the turtle grew and grew, as did the amount of earth. This earth became North America, a great island.��During all this time, Sky Woman continued her gentle fall. The leader of the swans grew concerned as Sky Woman's approach grew imminent. He gathered a flock of swans that flew upward and allowed Sky Woman to rest upon their back. With great care, they placed her upon the newly formed earth.��Soon after her arrival, Sky Woman gave birth to twins. The first born became known as the Good Spirit. The other twin caused his mother so much pain that she died during his birth. He was to be known as the Evil Spirit.��The Good Spirit took his mother's head and hung it in the sky, and it became the sun. The Good Spirit also fashioned the stars and moon from his mother's body. He buried the remaining parts of Sky Woman under the earth. Thus, living things may always find nourishment from the soil for it springs from Mother Earth.��While the Good Spirit provided light, the Evil Spirit created the darkness. The Good Spirit created many things, but each time his brother would attempt to undo his good work.��The Good Spirit made the tall and beautiful trees, including the pines and hemlock. The Evil Spirit, to be contrary, stunted some trees or put gnarls and knots in their trunks. Other trees he covered in thorns or poisoned their fruit.��The Good Spirit made bear and deer. The Evil Spirit made poisonous animals such as lizards and serpents to destroy the animals created by his brother.��When the Good Spirit made springs and streams of pure crystal water, the Evil Spirit poisoned some and placed snakes in others. The Good Spirit made beautiful rivers. The Evil Spirit pushed rocks and dirt into the rivers creating swift and dangerous currents.��Everything the Good Spirit made his wicked brother attempted to destroy.��After the Good Spirit completed the earth, he created man out of red clay. Placing the man upon the earth, the Good Spirit instructed the man about how he should live. The Evil Spirit made a monkey from sea foam.��Upon completion of his work, the Good Spirit bestowed a protecting spirit upon all of his creations. This done, he called his brother and told him he must cease making trouble. The Evil Spirit emphatically refused. The Good Spirit became enraged at his brother's wickedness. He challenged his evil twin to combat. The winner would become the ruler of the world.�



THE UNIVERSE 
ACCORDING 

TO THE 
QUR'AN 



ANCIENT 
HEBREW 

UNIVERSE 

Presenter
Presentation Notes
She'ol, translated as "grave", "pit", or "abode of the dead", is the Old Testament/Hebrew Bible's underworld, a place of darkness to which all the dead go, both the righteous and the unrighteou



Young Earth Creationism (YEC) 
a.k.a. “Special Creation” 

 

(literal translation Genesis) 

see glossary 

Presenter
Presentation Notes
Science and religion do conflict in this circumstance



• The Book of Nature is composed of letters and 
footprints of God which are the facts that disclose 
the work of God.   [1948, 1955]. 
 

•  Scientists must consider Nature as the Book of 
God and themselves as privileged to read it. 
[1948, 1955].  

 
Pope Pius XII 

NATURE IS UNDERSTOOD AS 
REVELATION 

Presenter
Presentation Notes
Many Christian and other religions have no problem with evolution



“God writes the Gospel not in the Bible 
alone, but also on trees, and in the 

flowers and clouds and stars.”  
 

~ Martin Luther  
 



 

DR. BILLY GRAHAM 

Presenter
Presentation Notes
What do you think BG position is on Evolution?



“I am not a literalist [about the Bible] in that 
every jot and tittle is from the Lord…” 

 

~  Billy Graham 
Newsweek, August 14, 2006 

DR. BILLY GRAHAM RECOGNIZES THE 
WORD “DAY” IN GENESIS AS FIGURATIVE. 
 



“I don't think that there's any conflict at all between 

science today and the Scriptures. I think that we 

have misinterpreted the Scriptures many times and 

we've tried to make the Scriptures say things they 

weren't meant to say, I think that we have made a 

mistake by thinking the Bible is a scientific 

book.  

    ~ Dr. Billy Graham 
D. Frost D. And F. Bauer. 1999. Billy Graham:  Personal Thoughts of a Public Man, 

Chariot Victor Publishing, pp.72-74 

Presenter
Presentation Notes
Compare/contrast with Einstein in next slide



 

The Bible is not a book of science. The Bible is a book of 

Redemption, and of course I accept the Creation story. I 

believe that God did create the universe. I believe that God 

created man, and whether it came by an evolutionary process 

and at a certain point He took this person or being and made 

him a living soul or not, does not change the fact that God did 

create man. ... whichever way God did it makes no 

difference as to what man is and man's relationship to 

God."        ~ Billy Graham 
D. Frost D. And F. Bauer. 1999. Billy Graham: Personal Thoughts of a Public Man, 

Chariot Victor Publishing: 1999, pp.72-74 

Presenter
Presentation Notes
Compare/contrast with Einstein in next slide



   

 “After religious teachers accomplish the refining process 
indicated, they will surely recognize with joy that true religion 

has been ennobled and made more profound by scientific 
knowledge .” 

           

Man of the Century 
Time Magazine 

Presenter
Presentation Notes
Einstein: Science and religion are important to each otherReligion can benefit from scienceDiffers from Billy Graham who indicates : makes no difference as to what man is and man's relationship to God." Einstein: true religion has been ennobled and made more profound by scientific knowledge 



Evangelist Dr. Billy Graham:  
“…it does not matter how God brought life into 

existence.” It is a mistake to take Bible literally; 
it is not a science book. 

 

Albert Einstein: …true religion has been ennobled 
and made more profound by scientific 
knowledge.  



  

Presenter
Presentation Notes
http://phys.org/news/2015-09-oldest-fossil-sea-turtle.htmlScientists at the Senckenberg Research Institute in Frankfurt have described the world's oldest fossil sea turtle known to date. The fossilized reptile is at least 120 million years old – which makes it about 25 million years older than the previously known oldest specimen. The almost completely preserved skeleton from the Cretaceous, with a length of nearly 2 meters, shows all of the characteristic traits of modern marine turtles. The study was published today in the scientific journal PaleoBios."Santanachelys gaffneyi is the oldest known sea turtle" – this sentence from the online encyclopedia Wikipedia is no longer up to date. "We described a fossil sea turtle from Colombia that is about 25 million years older," rejoices Dr. Edwin Cadena, a scholar of the Alexander von Humboldt foundation at the Senckenberg Research Institute. Cadena made the unusual discovery together with his colleague from the US, J. Parham of California State University, Fullerton.��Read more at: http://phys.org/news/2015-09-oldest-fossil-sea-turtle.html#jCp��Read more at: http://phys.org/news/2015-09-oldest-fossil-sea-turtle.html#jCp
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