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The Howard Hughes Medical Institute has produced a series of short education 
videos, some of which are directly related to this course. The entire compendium 
of videos can be found at: 
 https://www.biointeractive.org/classroom-
resources?search=&f%5B0%5D=resource_type%3A10  
  
Videos that are directly related to this course from this collection include: 
  
Great Transitions: The Origin of Humans: This film explores the major fossil finds 
from Africa that provide insights about the evolution of humans from other 
primates. 
  
The Biology of Skin Color: This film explores the hypothesis that different tones of 
skin color in humans arose as adaptations to the intensity of ultraviolet radiation 
in different parts of the world. 
  
The Making of the Fittest: Natural Selection in Humans: This film explores the 
evolutionary connection between an infectious disease, malaria, and a genetic 
condition, sickle cell anemia. 
  

http://hhmi.org/
https://www.biointeractive.org/classroom-resources?search=&f[0]=resource_type:10
https://www.biointeractive.org/classroom-resources?search=&f[0]=resource_type:10
https://www.biointeractive.org/classroom-resources?search=&f[0]=resource_type:10
https://www.biointeractive.org/classroom-resources/great-transitions-origin-humans
https://www.biointeractive.org/classroom-resources/biology-skin-color
https://www.biointeractive.org/classroom-resources/making-fittest-natural-selection-humans


http://nap.edu/sec  
 

http://nap.edu/sec


Learning Goals For Our Two Sessions: 
1. Examine the “controversy” surrounding the teaching of evolution in U.S. 

public schools.  
 

2. Examine what constitutes scientific evidence (the nature and limits of 
science).  
 

3. Processes of Science: Explore how scientific hypotheses are developed. 
(Group participation!) 
 

4. Discuss why evolution is an essential component of biological and other 
sciences.  
 
___________________________________________________________ 
 

5. Examine basic principles and some scientific debates within the science of 
evolution.  
 

6. Answer your questions about evolution and science more generally (both 
sessions).  
 







“Nothing in biology 
makes sense except 

in the light of 
evolution.” 

 
                                  Theodesius Dobzhansky 

                                       1973 

https://www.google.com/imgres?imgurl=http://www.biography.com/imported/images/Biography/Images/Profiles/D/Theodosius-Dobzhansky-40839-1-402.jpg&imgrefurl=http://www.biography.com/people/theodosius-dobzhansky-40839&h=162&w=162&sz=4&tbnid=dPqncNhzCw0B9M&tbnh=0&tbnw=0&zoom=1&usg=__bWQOfR9KssX3mwONH-84P4KK2VA=&docid=vVh9o7Wrc-kHuM&sa=X&ei=eiJsUJPlNozU0gGtzYC4BA&ved=0CIsBENUX
https://www.google.com/imgres?imgurl=http://www.biography.com/imported/images/Biography/Images/Profiles/D/Theodosius-Dobzhansky-40839-1-402.jpg&imgrefurl=http://www.biography.com/people/theodosius-dobzhansky-40839&h=162&w=162&sz=4&tbnid=dPqncNhzCw0B9M&tbnh=0&tbnw=0&zoom=1&usg=__bWQOfR9KssX3mwONH-84P4KK2VA=&docid=vVh9o7Wrc-kHuM&sa=X&ei=eiJsUJPlNozU0gGtzYC4BA&ved=0CIsBENUX


However: 
Since the Scopes trial 
in 1925, teaching and 
learning about 
evolution in the 
nation’s public schools 
has resulted in political 
and legal challenges at 
the local, state, and 
national levels that 
continue today. 

Judge John Jones III 
Kitzmiller v. Dover 

(2009) 



 



Defeating Creationism in the 

Courtroom, But Not in the Classroom 

Data from  National Survey of 

High School Biology Teachers 

“I am always amazed at how 

evolution and creationism are 

treated as if they are right or 

wrong. They are both belief 

systems that can never be truly or 

fully proved or discredited.” 
 

Illinois Biology Teacher 



Creationism on Trial 

 Landmark federal 
court cases have 
ruled that 
creationism and, 
more recently, 
intelligent design 
creationism are 
religious rather than 
scientific and 
therefore 
unconstitutional to 
teach in public 
school science 
classrooms.  

Science, Evolution, and 
Creationism, pp. 44-45 



 “Those who would renegotiate the 

boundaries between church and state 

must answer a difficult question: Why 

would we trade a system that has served 

us so well for one that has served others 

so poorly?” 

Justice Sandra Day O’Connor 
McCreary County, Ky. v. ACLU of Ky., 545 U.S. 844 (2005) 



Kitzmiller v. Dover Area School District, 
400 F. Supp. 2d 707 (M.D. Pa. 2005) 

“[W]e have addressed the seminal 
question of whether ID is science. We 
have concluded that it is not, and 
moreover that ID cannot uncouple itself 
from its creationist, and thus religious, 
antecedents. 
 
The students, parents, and teachers of 
the Dover Area School District deserved 
better than to be dragged into this legal 
maelstrom, with its resulting utter waste 
of monetary and personal resources.” Hon. John E. Jones III 



From the Creation Museum (KY) 



Source: National Center for Science Education.  
https://ncse.com/library-resource/creationevolution-continuum  

The Creation/Evolution Continuum 

https://ncse.com/library-resource/creationevolution-continuum
https://ncse.com/library-resource/creationevolution-continuum
https://ncse.com/library-resource/creationevolution-continuum
https://ncse.com/library-resource/creationevolution-continuum
https://ncse.com/library-resource/creationevolution-continuum


Acceptance of the Evidence for Evolution Can Be 
Compatible with Religious Faith 

Statements from Religious Leaders 

Science, Evolution, and 
Creationism, pp. 13-14 



"Scientific Insights into the Evolution of the Universe and of Life," put on by the 
Pontifical Academy of Sciences in 2008. The Pontifical Academy gathered 
together some of the world's best scientists to discuss evolution. Pope Benedict 
XVI not only sanctioned the meeting, he addressed the scientists. 
 
The sense of the meeting was well summarized by Nobel laureate Christian de 
Duve who wrote, "The participants unanimously accepted as indisputable the 
affirmation that the Universe, as well as life within it, are the products of long 
evolutionary histories." He also noted that "the actual occurrence of biological 
evolution is no longer just a theory, strongly suggested by fossil evidence, but not 
conclusively demonstrated by it. Evolution is now supported by overwhelming 
molecular proofs and has acquired the status of established fact. In the words 
of His Holiness John Paul II, it is 'more than a hypothesis'.“ 
 
The Pontifical Academy itself, on January 24, 2009 issued a statement arising 
from the meeting that is as powerful as it is clear. "It is important for scientific 
knowledge on evolution to become integrated into our world-view and for our 
world-view to be steadily updated. The extraordinary progress in our 
understanding of evolution and the place of man in nature should be shared 
with everyone.“ 
 
Reported by Michael Zimmerman 
Political Machine  
February 22, 2012  
 
 



Acceptance of the Evidence for Evolution Can Be 
Compatible with Religious Faith 

Statements from Scientists 

Science, Evolution, and 
Creationism, p. 15 



https://www.theclergyletterproject.org/  

https://www.theclergyletterproject.org/


16,657 
signatures 



https://ncse.ngo/voices-evolution-0 

https://ncse.ngo/voices-evolution-0
https://ncse.ngo/voices-evolution-0
https://ncse.ngo/voices-evolution-0
https://ncse.ngo/voices-evolution-0
https://ncse.ngo/voices-evolution-0


National Academy of Sciences and Institute of Medicine 
(now National Academy of Medicine) 

2008 
Washington, DC: National Academies Press 

p. viii 



2. The Nature and Limits 
of Science 



Definition of Science  
from the National Academy of Sciences and 

Institute of Medicine 

 The use of evidence to construct testable 
explanations and predictions of natural 
phenomena, as well as the knowledge 
generated through this process. 

Science, Evolution, and 
Creationism, p. 10 



• Science focuses exclusively on the natural world. It does not deal 
with supernatural explanations.  

• Science is a way of learning about what is in the natural world,, e.g.,  
• how the natural world works,  

• how the natural world got to be the way it is.  

• predictions about the natural world of the future. 

• Science is not simply a collection of facts; it is also a path to 
understanding.  

• Science relies on testing ideas by figuring out what expectations are 
generated by an idea and making observations to find out whether 
those expectations hold true.  

• Accepted scientific ideas are as reliable as the quality of questions 
asked and the level of rigor in testing those ideas.  

• As new evidence is acquired and new perspectives emerge these 
ideas can be, and often are revised.  

• Science is a community endeavor.  

What is Science? 



Science isn’t a tall stack of hard 
facts; it’s a difficult and deeply 

human process that lurches toward 
an approximation of the truth. 

Joel Achenbach 
Washington Post, page A1 

July 24, 2014 

http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-
science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html  

http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
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http://www.washingtonpost.com/national/health-science/bicep2-experiments-big-bang-controversy-highlights-challenges-for-modern-science/2014/07/23/707bc9e6-02c6-11e4-b8ff-89afd3fad6bd_story.html
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“I think you should be more explicit in step two” 



  
 

 

 

  

  
 

 

 

  

“No doubt about it, Ellington--we’ve mathematically expressed the purpose of 
the universe.  Gad, how I love the thrill of scientific discovery!” 



3. Processes of Science:  
How Scientific Hypotheses are 

Developed 
 

(Group Participation) 
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The Howard Hughes Medical Institute has produced a series of short education 
videos, some of which are directly related to this course. The entire compendium 
of videos can be found at: 
 https://www.biointeractive.org/classroom-
resources?search=&f%5B0%5D=resource_type%3A10  
  
Videos that are directly related to this course from this collection include: 
  
Great Transitions: The Origin of Humans: This film explores the major fossil finds 
from Africa that provide insights about the evolution of humans from other 
primates. 
  
The Biology of Skin Color: This film explores the hypothesis that different tones of 
skin color in humans arose as adaptations to the intensity of ultraviolet radiation 
in different parts of the world. 
  
The Making of the Fittest: Natural Selection in Humans: This film explores the 
evolutionary connection between an infectious disease, malaria, and a genetic 
condition, sickle cell anemia. 
  

http://hhmi.org/
https://www.biointeractive.org/classroom-resources?search=&f[0]=resource_type:10
https://www.biointeractive.org/classroom-resources?search=&f[0]=resource_type:10
https://www.biointeractive.org/classroom-resources?search=&f[0]=resource_type:10
https://www.biointeractive.org/classroom-resources/great-transitions-origin-humans
https://www.biointeractive.org/classroom-resources/biology-skin-color
https://www.biointeractive.org/classroom-resources/making-fittest-natural-selection-humans
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Learning Goals For Our Two Sessions: 

Last Week: 

1. Examined the “controversy” surrounding 
the teaching of evolution in public 
schools.  
 

 



The Nature Lab is a gift to Los Angeles to 
celebrate all of God's creatures and enable 
NHM to broaden our understanding of the 

natural world through the process of scientific 
discovery.'  

Anonymous Donor - 2013 
 

The Natural History Museums of Los 
Angeles County Statement on Evolution 

https://nhm.org/statement-evolution 

https://nhm.org/statement-evolution
https://nhm.org/statement-evolution
https://nhm.org/statement-evolution


Learning Goals For Our Two Sessions: 
LAST WEEK: 
1. Examined the “controversy” surrounding the teaching of evolution in 

public schools.  
 

2. Examined what constitutes scientific evidence (the nature and limits of 
science).  
 

3. Processes of Science: Explored how scientific hypotheses are developed. 
 

THIS WEEK: 
4. Discuss why evolution is an essential component of biological and other 

sciences/ Evidence for Evolution 
 

5. Examine basic principles and some scientific debates within the science 
of evolution.  
 

6. Answer your questions about evolution and science more generally 
(both sessions).  
 



4. Why Evolution is an 
Essential Component of 

the Biological and  
Other Sciences / 

Evidence for Evolution 
 



Common Ancestry 

Recent 
Time 

Ancient 
Time 

Science, Evolution, and 
Creationism, p. 8 



https://www.youtube.com/watch?v=DZv8VyIQ7YU  

https://www.youtube.com/watch?v=DZv8VyIQ7YU


How Biologists View the Tree of Life 





Comparative Anatomy 

Science, Evolution, and 
Creationism, p. 26 



Transitional Fossils 

Scientists have caught a fossil 

fish in the act of adapting 

toward a life on land, a 

discovery that sheds new light 

on one of the greatest 

transformations in the history 

of animals.  

NY Times, April 2006 
Science, Evolution, and 
Creationism, p. 2 



PBS/HHMI Three Part Series: 

Your Inner Fish 

Your Inner Reptile 

Your Inner Primate 

 

 



Transition Fossils: 
Evolution of Whales, Dolphins,  

and Porpoises 

Science, Evolution, and 
Creationism, p. 32 



Evidence from Genetics and Genomics 

Science, Evolution, and Creationism, p. 31 



Evidence from Developmental Biology 

Science, Evolution, and 
Creationism, p. 30 



Source: https://www.google.com/search?q=evolutionary+medicine+book 
&sa=X&ved=2ahUKEwjf5q_z7KHjAhWkdN8KHZiHD0cQ1QIoAHoECA8QAQ&biw=776&bih=469  

Contributions of Evolution to Better  
Understanding of Human Health and Disease 

Science, Evolution, and 
Creationism, p. 5 

https://www.google.com/search?q=evolutionary+medicine+book&sa=X&ved=2ahUKEwjf5q_z7KHjAhWkdN8KHZiHD0cQ1QIoAHoECA8QAQ&biw=776&bih=469
https://www.google.com/search?q=evolutionary+medicine+book&sa=X&ved=2ahUKEwjf5q_z7KHjAhWkdN8KHZiHD0cQ1QIoAHoECA8QAQ&biw=776&bih=469
https://www.google.com/search?q=evolutionary+medicine+book&sa=X&ved=2ahUKEwjf5q_z7KHjAhWkdN8KHZiHD0cQ1QIoAHoECA8QAQ&biw=776&bih=469
https://www.google.com/search?q=evolutionary+medicine+book&sa=X&ved=2ahUKEwjf5q_z7KHjAhWkdN8KHZiHD0cQ1QIoAHoECA8QAQ&biw=776&bih=469
https://www.google.com/search?q=evolutionary+medicine+book&sa=X&ved=2ahUKEwjf5q_z7KHjAhWkdN8KHZiHD0cQ1QIoAHoECA8QAQ&biw=776&bih=469
https://www.google.com/search?q=evolutionary+medicine+book&sa=X&ved=2ahUKEwjf5q_z7KHjAhWkdN8KHZiHD0cQ1QIoAHoECA8QAQ&biw=776&bih=469
https://www.google.com/search?q=evolutionary+medicine+book&sa=X&ved=2ahUKEwjf5q_z7KHjAhWkdN8KHZiHD0cQ1QIoAHoECA8QAQ&biw=776&bih=469


https://www.scie
ncemag.org/new
s/2019/06/cancer
-genes-help-
deer-antlers-
grow?utm_camp
aign=news_week
ly_2019-06-
21&et_rid=32799
5191&et_cid=28
71045  

Evidence from Genetics and Genomics 

https://www.sciencemag.org/news/2019/06/cancer-genes-help-deer-antlers-grow?utm_campaign=news_weekly_2019-06-21&et_rid=327995191&et_cid=2871045
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5. Basic Principles and 
Some Scientific 

Debates Within the 
Science of Evolution  

 
 



Evolution is the most widely accepted 
SCIENTIFIC explanation for the diversity 

of life observed on Earth once life 
appeared on earth. 

 Evolution does NOT provide insights or 
explanations about the ORIGINS of life 

on Earth.  

AN IMPORTANT CAVEAT! 



Essential Components Required 
for Evolution to Occur: 

1. Variation within a population (random mutations) 
2. Heritability of those variations  
3. Selection for some traits over others 

- Physical Environment 
- Natural 
- Human 

- Biological Environment, e.g. 
- Intraspecific and Interspecific Competition 
- Sexual and Social 

4. Sufficient Time for Changes in Gene Frequencies in 
Populations 
- “Microevolution” (changes within individual species) 
- ”Macroevolution” (speciation) 

 



Variation and Heritability 
of Those Variations 

1. Selective Breeding of Desired Traits 
 

2. Natural Variation in Wild Populations 

 



We may have helped give our canine 
pals ‘puppy dog eyes’ 

A new study of dog facial anatomy suggests we may have helped create this expression by favoring 
canines with “puppy dog eyes” over the course of thousands of years of dog evolution. 

 
Science News, June 22, 2019 

https://www.sciencemag.org/news/2019/06/we-may-have-helped-give-our-canine-pals-puppy-dog-eyes?utm_campaign=news_weekly_2019-06-
21&et_rid=327995191&et_cid=2871045  
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Genetic variation in the shells of Donax 
variabilis. Source: 
https://courses.lumenlearning.com/boundless-
ap/chapter/sources-of-genetic-variation/  

Examples of Natural Variation Within Species 

Ventral wing surfaces, illustrating 

the seasonal forms of Precis coenia (A: 

‘‘linea’’form; B: ‘‘rosa’’ form) and Bicyclus 

anynana (C: wet season form; D: dry season 

form). Source: 

http://citeseerx.ist.psu.edu/viewdoc/download
?doi=10.1.1.462.2307&rep=rep1&type=pdf.   
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Compared with genomes from 43 other ruminant species: 

• More efficient production of Vitamin D 

• Loss of biological clock for activity during day vs. night 

• Improved uses of fat: 
– Fat transport in the body 

– Building of fat reserves 
Science News, June 22, 2019 https://www.sciencemag.org/news/2019/06/how-reindeer-evolved-
survive-freezing-arctic-winters 

How reindeer 
evolved to 
survive freezing 
Arctic winters 



Selection for some traits over others 
 

- Physical Environment 
- Natural 
- Human 

- Biological Environment, e.g. 
- Intraspecific and Interspecific 

Competition 
- Sexual and Social 



Source: https://www.mnn.com/earth-matters/animals/blogs/9-most-dramatic-examples-sexual-dimorphism  

Examples of Sexual Dimorphism 

Source: Science,  
Evolution, and  
Creationism, p. 7 

https://www.mnn.com/earth-matters/animals/blogs/9-most-dramatic-examples-sexual-dimorphism
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Extremes of Sexual Dimorphism 

Source: https://www.google.com/search?q=photo+irish+elk&tbm=isch&source=univ&sa=X&ved=2ahUKEwje7q_ 
D6aHjAhWEg-AKHZVgCK0Q7Al6BAgFEA0&biw=776&bih=469  
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Source: Living Bird,  2019, 38(3): 32- 42 



The Importance of Time 

Science, Evolution, and 
Creationism, p. 7 



Considering 
Macroevolution 

(Speciation) 



Amphibians to Reptiles?  
NOT THIS WAY! 



Reptiles to Birds? 



Birds to Mammals? 



 

What is a Species? 

- Closely related individuals genetically 

- Capable of breeding with each other 

- Capable of producing fertile offspring 



Several Examples of Potential 
Drivers of Speciation: 

Geographic Isolation 

Genetic/Physiological/Developmental Isolation 

Competition in a Common Environment 

Behavioral Isolation 

 



Incipient Speciation in the 
White-Crowned Sparrow 
through Behavioral Isolation 
from Song Dialects 



While evolution is considered 
established science, like all other 
branches of science, it is always 

subject presentation of new 
scientifically-based evidence and 
modification when appropriate. 



http://news.sciencemag.org/scienceinsider/2011/03/researchers-challenge-eo-wilson.html?etoc 



Thank you!! 
Questions?? 
Comments?? 
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