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To supplement the education and enthusiasm for the subject of
evolution in high school, | developed a portable “science suitcase,”
containing an animation, a game and a lab, for use in the classroom. The
Howard Hughes Medical Institute funded this project through a grant
written by Joel Goodman, Ph.D., for the STARS Science Triathlon. |
surveyed teachers from the surrounding school districts, researched
evolution and existing materials, and built lesson plans for the suitcase
components. Teachers in the surrounding community evaluated these
components, and I made revisions based on those evaluations. Once the
STARS Evolution Suitcase assimilates into the high school curriculum, the

teachers and students will demonstrate and evaluate its effectiveness.
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CHAPTER ONE
Introduction

GOAL

The goal of this project is to provide high school biology teachers and
students in the Dallas ISD and surrounding districts a comprehensive, conceptual
framework to better understand and appreciate the subject of evolution. The
content includes all the basic, empirical observations made supporting evolution,
including: the fossil record, the mechanisms such as natural selection and genetic
drift which act on populations, embryological development, and genetic and
structural homologies between species. Not only is the goal to explain these
observations, but also to illustrate how they work in a detailed, concise, and
simplified manner.

To achieve this goal, the project is divided into three components to fit inside
a portable science suitcase for use in the classroom. The three components
include an animation, a game and a lab. The animation is designed primarily for
auditory and visual learners, while the game and lab are included to help the
kinesthetic learner. The purpose of the animation is to guide or supplement
classroom lecture and discussion of evolution. The purpose of the game is to
provide a quick and simple in-class demonstration of the mechanisms of

evolution, reinforcing concepts learned in the animation. Lastly, the purpose of



the lab is to reinforce certain concepts in the animation, specifically the fossil

record, homologies, and the phylogenetic tree.

BACKGROUND

The STARS Science Triathlon

The project is part of the annual STARS (Science Teacher Access to
Resources at Southwestern) Science Triathlon in Dallas, Texas. The Triathlon
resulted from a pre-college initiative by the Howard Hughes Medical Foundation.
It is a collaborative effort between The University of Texas Southwestern Medical
Center, Advanced Placement Strategies, and The Museum of Nature and Science.
Their stated goals are to improve the biology education at poorly funded DISD
schools, provide an environment that encourages the development of successful
Advanced Placement courses in these schools, and to spark interest and
enthusiasm for science in the Dallas and surrounding communities. The Triathlon
consists of a 12-day workshop at UTSW Medical Center, symposia and in-service
activities, collaborative research projects guided by UTSW PhD students, staff

and faculty, and the development and use of Science Suitcases (STARS Science

Triathlon). The idea behind developing these suitcases was to equip biology
teachers with a lightweight, portable carrier that can easily fit in the trunk of their

car and be transported from school to school. Essentially, these suitcases will



contain all the seeds for the drama, passion, innovation, ingenuity, and excitement
behind the collaborative effort of the STARS Science Triathlon and enable
teachers to effectively present fundamental concepts in science to high school
biology students, to motivate them to pursue AP Biology credit, and to convince

them that science is worth their time, effort, and dedication.

Why Evolution?

Evolution was selected as the subject of this project for several reasons.

1) Evolution is a foundational process in biology.

2) Biology teachers in the surrounding community need help covering it in
the classroom.

3) Historically, the Texas education standards did not cover many of the
foundational concepts in evolution.

4) The Texas education standards for evolution are currently expanding to
cover its foundational concepts; and this is placing more demand on the
teachers and students to learn the new material.

5) Evolution has interesting unknowns and is rife with possibilities for future

research.

First, evolution is a foundational process in biology. On the website for the
National Center for Science Education, Andrew J. Petto, Ph.D. states that

evolution “is the fundamental, unifying theory that underlies all the life sciences.



It has formed the basis of productive and active research for over 140 years and
continues to do so. This is why evolution is universally accepted among
professional biology researchers” (Petto). The National Academy of Sciences
states,
“The concept of biological evolution is one of the most important ideas
ever generated by the application of scientific methods to the natural
world.” The evolution of all the organisms that live on Earth today from
ancestors that lived in the past is at the core of genetics, biochemistry,
neurobiology, physiology, ecology, and other biological disciplines
(Science and Creationism viii).

Second, the teacher surveys (p. 18) and the teacher interviews (p. 36)
confirmed the need for new materials to help teach evolution. Biology teachers in
Texas must often confront the religious home life of the student, a state school
board which is divided on evolution, and all the allurements of modern
entertainment (videos, animations, games, etc.), to effectually cover evolution in
the classroom.

Third, the educational standards in Texas for evolution and other science
subjects are reviewed and updated annually. Not only have the standards for
evolution been reworded for scientific accuracy, but 5 new TEKS standards were
created for the 2010-2011 school year (pg. 29). This trend will need to continue to

meet the current demands in research. The Science Teachers Association of

Texas states on its website,



If evolution is not taught properly, students will not achieve the level of
scientific literacy needed for science-related careers and life in a society
where understanding of the core concepts of science is critical. A thorough
understanding of evolution is essential to scientific literacy, and must
therefore be one of the goals of science education in our schools. This
position is shared by the National Academies, the American Association
for the Advancement of Science, the National Science Teachers
Association, the National Association of Biology Teachers, the Texas
Association of Biology Teachers, and many other scientific and
educational organizations ("Teaching Evolution | STAT.").

Lastly, we do not know everything about evolution, and this “not knowing”
is exactly what makes science interesting and worth pursuing. The fact that there
are answers out there, which have yet to be found, is what drives research. While
evolution needs to be presented as scientific fact, there are also many
opportunities to show the student in this field where to look to uncover new
things: new species, new fossils, new genetic homologies, new discoveries in

developmental genes, new DNA mutations, and new research in genetic

expression.



CHAPTER TWO
Methods and Materials

TEACHER SURVEYS

Two teacher surveys were conducted collaboratively with Derek Wu, creator
of the Photosynthesis suitcase, during STARS meetings in the spring of 2009.
The collection of first surveys is in Appendix A, and the collection of second
surveys is in Appendix B. Two individuals from each survey were not included
in the results because they are from different scientific fields and “do not teach
evolution.”

The first survey was designed to assess the technological resources available
to the teachers, whether or not they used any materials to teach evolution, if these
materials were effective, what kind of labs they used, and if they had any ideas to
help teach these subjects. The questions about student access to computers and
internet were included to assay the value of designing an educational video game.
Since the design of a video game was halted mid-project, the findings to these
questions are irrelevant here.

The questions from the first survey, which are significant for this project, are
the following:

Question 1: “Do you currently use any kind of visual aids, models,
animations, or games to teach about evolution?”



Question 2:  “Do you think visual aids, models, animations and games are
an effective way to help teach the subjects of evolution and
photosynthesis?”

Question 3: “What kind of labs do you conduct to teach about evolution?
Please list:”

TABLE 1. First Survey Results

14

12

M "yes" (or labs listed in Q3)

M "no" (or no labs listed in Q3)

Number of Teachers

Question 1 Question 2 Question 3

10 out of 14 teachers answered “no” to question 1, “Do you currently use
any kind of visual aids, models, animations, or games to teach about evolution?”
However, all 14 of the teachers answered “yes” to question 2, “Do you think
visual aids, models, animations and games are an effective way to help teach the
subjects of evolution and photosynthesis?” This indicates supply is low and
demand is great for these materials; so, a need is established in this survey.

However, regarding question 3, “What kind of labs do you conduct to teach about



evolution?” 9 out of 14 teachers listed labs they used to help teach evolution.
Some listed more than one. This fact, coupled with a few oral statements made by
teachers during the presentation of the Enzyme Instigator suitcase (another
“science suitcase” funded by the STARS grant), led me to consider how the
project resources should be allocated. Both orally and written in the first survey,
more interest and need was expressed for the visual aids, models, animations and
games than for lab activities. While knowing the lab needed to be interesting and
engaging to the student on both a conceptual and a tangible level, from this
survey, it was apparent that more time, energy, and resources should be spent on

the animation and game.



Teacher Survey for Science Suitcases

Do your students have access to computers in class? Yes No

Do they have access to computers and the internet outside of class? Yes No Don't know
Does your class have a Smart Board? Yes No

Do your students have interactive SchoolPads? Yes No

Do you currently use any kind of visual aids, models, animations or games to teach about
Evolution? Yes No

Please list:

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? Yes No

Please list :

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? Yes No

What kind of labs do you conduct to teach about Evolution?

Please list:

What kind of labs do you conduct to teach about Photosynthesis?

Please list:

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

FIGURE 1. First Survey
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The second survey was designed to find out more about the teachers, where
and what level they teach, what parts of evolution are difficult to teach, and
whether or not they were willing to go beyond TEKS requirements.

The questions from the second survey, which are significant for this project, are
the following:

Question 1: “Do you currently use any kind of visual aids, models,
animations, or games to teach about evolution?”

Question 2:  “Do you think visual aids, models, animations and games are
an effective way to help teach the subjects of evolution and
photosynthesis?”

Question 3: “What kind of labs do you conduct to teach about evolution?
Please list:”

Question 4: “Do you have time in your class to teach material about
evolution (and photosynthesis) that goes beyond the TEKS requirements?”
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TABLE 2. Second Survey Results

M "yes" (or labs listed in Q3)

B "no" (or no labs listed in Q3)
5 "maybe"
3 -
1 -

Question 1 Question 2 Question 3 Question 4

[EEN
(6]

[
w

[y
[y
]

o
I

Number of Teachers
~N
l

While this survey revealed much more teacher use of the materials detailed
in question 1, the results of both surveys combined show that 48% of the teachers
(14 of 29) do not have these materials. As in the first survey, all teachers
answered “yes” to question 2. The responses to question 3 from the second
survey are consistent with the responses in the first survey, in that a majority of
teachers (9 of 15) did list one or more labs they use to teach evolution. When the
results of both surveys are combined, it shows that 62% of the teachers (18 of 29)
already have evolution labs that they use. In addition, 11 of the 15 teachers in the
second survey said they were willing to go beyond TEKS requirements.

A list was compiled from the question, “What concepts about evolution are

difficult for your students to grasp?”
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TABLE 3. Difficult Concepts
Concept Frequency

Creationism, religious home life,
“didn’t come from monkeys thing”

Natural selection
“theories”
Homologous

Time

Adaptation
Analogous
“everything”

Genetic understanding
Molecular basis
“species not individual”
variation

PR R R RPRRRPRNDNDWDNO®

Ultimately, each of these concepts was included in the animation. Moreover, the
most frequently mentioned scientific concepts (e.g. natural selection and

homologies) were reinforced in the game and lab.
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Survey for Science Sultcases
Are you a teacher? Yes No
i yes, what grade and subject do you teach?
Do you teach within the DISD? Yes No

Do your students have access to computers in class? Yes No
Do they have access to internet in class? Yes No
Does your class have a Smart Board? Yes No
If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? Yes No
Please list:
Are they effective?

What concepts about Evolution are difficult for your students to grasp (or difficult to teach)?

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? Yes No

Please list :

Are they effective?

FIGURE 2A. Second Survey (front)
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What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evelution and Photosynthesis? Yes No

What kind of labs do you conduct to teach about Evolution?

Please list:

What kind of labs do you conduct to teach about Photosynthesis?

Please list:

Have you ever used an interactive educational flash game in your class? Yes No

Was it effective {or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? Yes No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? Yes No

If you could do anything to teach a subject in a class, what would you do {i.e. teaching outdoors, field
trips, using models , games, etc.)?

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective;

FIGURE 2B. Second Survey (back)
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RESEARCH

TEKS/TAKS Review

The TAKS exam (Texas Assessment of Knowledge and Skills) is a
standardized state test that evaluates student comprehension of the TEKS
objectives (Texas Essential Knowledge and Skills).

In the winter of 2009, the Texas State Board of Education considered
revisions to the scientific standards of education in evolution. This was based on
pressure from social conservative groups promoting an outdated wording of the
standards, including evaluation of “strengths and weaknesses” in the Theory of
Evolution (Stutz). Many revisions ensued, concerning the exact language to be
used. Ultimately, what remained implemented for the 2009-2010 school year
were the following TEKS objectives:

(7) Science concepts. The student knows the theory of biological evolution.
The student is expected to:
(A) identify evidence of change in species using fossils, DNA sequences,
anatomical similarities, physiological similarities, and embryology;

and

(B) illustrate the results of natural selection in speciation, diversity,
phylogeny, adaptation, behavior, and extinction.

These were the TEKS objectives for biology, found on the Texas Education

Agency’s TEKS website ("Texas Education Agency - Texas Essential Knowledge
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and Skills."). While most scientific organizations applauded the abandonment of
the “strengths and weaknesses” clause, and considered the final rewording of the
objectives a significant step forward for science education in the state of Texas
("Victory over "weaknesses" in Texas | NCSE."), the standards still do not cover
much of the content of evolution. Natural selection is listed in objective 7B, and
while this is probably the most important mechanism of evolution, it is not the
only one. Genetic drift, gene flow, and even artificial selection are other
important mechanisms of evolution. Natural selection is also not put in a proper
context to understand how evolution works. All the mechanisms, including
natural selection, depend on a population’s genetic variation, which is supplied by
mutation and sexual recombination (Campbell 459-466). None of these
foundational concepts in evolution are mentioned in the objectives.

There are also organizational problems in the TEKS objectives. Objective 6C
states,” the student is expected to identify and illustrate how changes in DNA
cause mutations and evaluate the significance of these changes.” The mutation
and recombination of DNA provides the genetic variation through which
evolution works (Campbell 459). However, this is not found under the “theory of
biological evolution” mentioned in objective 7; rather, it is found under the
“mechanisms of genetics.” All the objectives listed under objective 8, which
include the “applications of taxonomy,” and especially 8B, which states, “the

student is expected to analyze relationships among organisms and develop a
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model of a hierarchical classification system based on similarities and differences
using taxonomic nomenclature” is entirely dependent on the phylogenetic
relationships established in the field of evolution.

During the spring and summer of 2009, the TEKS for evolution were
reworded and 5 more objectives were added to the TEKS website for the 2010-
2011 school year. Below are the new TEKS for evolution, effective in the 2010-

2011 school year:

(7) Science concepts. The student knows evolutionary theory is a
scientific explanation for the unity and diversity of life. The student is
expected to:

(A) analyze and evaluate how evidence of common ancestry
among groups is provided by the fossil record, biogeography, and
homologies, including anatomical, molecular, and developmental;

(B) analyze and evaluate scientific explanations concerning any
data of sudden appearance, stasis, and sequential nature of groups
in the fossil record;

(C) analyze and evaluate how natural selection produces change in
populations, not individuals;

(D) analyze and evaluate how the elements of natural selection,
including inherited variation, the potential of a population to
produce more offspring than can survive, and a finite supply of
environmental resources, result in differential reproductive
success;

(E) analyze and evaluate the relationship of natural selection to
adaptation and to the development of diversity in and among
species;
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(F) analyze and evaluate the effects of other evolutionary
mechanisms, including genetic drift, gene flow, mutation, and
recombination; and

(G) analyze and evaluate scientific explanations concerning the
complexity of the cell.

This project does not cover 7G because its exact meaning is unclear. It was
reworded during an intentional political maneuver to obfuscate a non-scientific
TEKS proposal initiated by creationist, Don McLeroy ("Live Blog of Texas
SBOE Meeting, 2009 March 25-27."). Originally, 7G was worded: “analyze and
evaluate the sufficiency or insufficiency of natural selection to explain the
complexity of the cell.” This is the same creationist and intelligent design
sentiment of “irreducible complexity.” While its rewording leaves the exact
meaning up to the discretion of the teacher, 7G was not included in the materials
for this suitcase because it was originally not intended to teach the science of

evolution.

Literature Review

A thorough examination of appropriate material was necessary to understand
the content of evolution, consider possibilities for designing this project, and
improve on existing materials.

First, | reviewed the textbooks the students use in DISD. In the non-AP
classrooms they read Johnson’s Biology, in which Chapter 13: The Theory of

Evolution covers some content. However, the 7" edition of Campbell’s Biology,



19

which was being used in the AP class | observed, covers Evolution much more
thoroughly in multiple units and chapters. Unit Four: Mechanisms of Evolution,
includes: Ch.22 Descent with Modification, Ch.23 The Evolution of Populations,
Ch24 The Origin of Species, Ch 25 Phylogeny and Systematics. Unit Five: The
Evolutionary History of Biological Diversity begins with Ch. 26 The Tree of Life,
and for the next 8 chapters discusses, in detail, the specific evolution of each
group in the phylogenetic tree. Other units and chapters reference evolution as
necessary. Furthermore, the word “theory,” in reference to evolution, is not
mentioned in the chapter titles at all in Campbell’s Biology. Instead, a brief
section on p.451 describes why evolution is not a theory in the colloquial sense of
the word, how scientific theories have historically been considered quite different
than other theories, and then henceforth not mentioned in the text. This is the
book I used for almost all of the definitions and core concepts contained in the
suitcase. It is also the book required by all of the core Biology courses | took at
The University of Texas in Austin.

I also reviewed Dr David Cannatella’s syllabus for the Comparative
Vertebrate Anatomy course, at UT Austin. This was helpful in creating
phylogenies for the early video game storyboards, and later for the fossil lab. His
material was also instrumental in deciding on which homologies would be

covered.
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Another excellent resource for drawing phylogenetic trees was the Tree of
Life Web Project. As stated on the website, their goals are to provide
“information about biodiversity, the characteristics of different groups of
organisms, and their evolutionary history” (Tree of Life Web Project). A great
number of books on vertebrate anatomy and paleontology in the Dallas Public
Library were also used to get ideas for phylogenetic trees.

A vital resource for this project was Your Inner Fish by Neil Shubin. Shubin

simplifies the fossil record down to an accessible level (4-12). 1 tried to use his
basic strategy in my animation, for Chapter 2: The Fossil Record. His colleague,
Randy Dahn, as described in this book, provided the research for the Sonic
Hedgehog genetic homology shown in Chapter 5: Phylogeny, of the animation
(53-59). This book also provided a backdrop for learning about the gill arch
homologies in more depth, which is also included in the animation (81-96).

A great number of books in the UT Southwestern library were also used to

reference the gill arch homologies. Netter's Atlas of Human Embryology was the

main reference for human pharyngeal arch anatomy (Cochard) and A

Photographic Atlas of Shark Anatomy was the main reference for shark

pharyngeal arch anatomy (Gans).

Another important reference was Why Evolution is True, by Jerry Coyne, in

which | reviewed content about the bird-dinosaur relationship and various

homologies. Page 83 illustrates the ductus arteriosus homology with fish, which |
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referenced as an example of a vestigial structure in humans in Chapter 5:
Phylogeny, of the animation.

Trey Fondon’s research paper on dog skull morphology was simplified to
use as an example of modern Evo-devo research at UT Southwestern, illustrated
in Ch. 4 Embryology, of the animation.

I reviewed the materials, papers and bibliographies for the Enzyme Instigator
suitcase (McArthur) and the Organelle Extravaganza suitcase (Hulsey). I also
reviewed some of their cited articles, which detailed the effectiveness of
animations and games in the classroom.

The UC Berkley website for evolution was very instrumental in providing
ideas for simplifying many of the complex subject matters, such as genetic drift,
in the animation (Understanding Evolution).

A number of labs were researched and considered as possibilities for
including in the suitcase. One was a Magnetobacteria lab, which is a wet lab for
natural selection (Culp). However, this was abandoned due to the amount of class
time required and unavailability of cultures. Kits available online were

considered as a possibility on some sites, such as www.enasco.com and

www.carolina.com. After doing research on the web for evolution dry lab

activities appropriate for high school level, I designed an activity roughly based

on fossil labs detailed in Larry Flammer’s lab activity on the Indiana University


http://www.enasco.com/�
http://www.carolina.com/�
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website (Way) and other labs on the Bellarmine College website ("Evolution

Labs.").

PBS 8 hour Special: Evolution

In the surveys collected, the PBS 8 hour Special on evolution was mentioned
twice. Bibiana Mendez also mentioned she used parts of it in her classroom. |
watched the entire collection and took copious notes on the each section to
observe what worked and what did not work for teaching evolution in the
classroom.

In general, this video collection has great narration provided by Liam
Neeson, interviews with prominent evolutionary biologists, like Dr. Sean Carrol
and Neil Shubin, interesting case studies on evolving pathogens, video footage of
animals interacting in nature, footage of fossil sites, animations, and a historical
dramatization of the life of Charles Darwin (Evolution. DVD).

However, concerning classroom use, | found weaknesses in this video.
Firstly, it is 8 hours long. In the attempt to make this more accessible for the
classroom, PBS issued shorter 5-10 minute segments on their website (Evolution.
Web). There remain other shortcomings, even in the segments.

Overall, this video is drama driven, not concept driven. There’s little to no
text to accompany the key concepts. So, students will not know what to write

down. Foundational concepts like natural selection are never defined or put in the
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correct context. In the entire 8+ hours | spent watching this video, | do not
remember once hearing the words homology, homologous structures, or vestigial
structures. Phylogeny is based on these concepts. The video showed
phylogenetic trees, but phylogeny was not defined. How evolution works in
populations was not covered. The fossil record was not explained in a systematic
way to demonstrate how it supports evolution (e.g. fossils are found in layers). Its
covering of embryology was limited to a case study of Drosophila and it did not
illustrate similar stages in development between species. It shows what |
recognize to be Hox genes, but it does not mention the term “Hox genes” or
describe them in a meaningful way.

After watching this video, | realized it has a completely different purpose
than the purpose for this project. Its purpose is to create an appreciation of
evolution, but not to make sure its audience is equipped with the vocabulary and
the conceptual foundation to understand evolution. However, understanding
evolution is the purpose for this project.

I watched a number of other videos, which share the same purpose as the
PBS series. What Darwin Never Knew by NOVA and In the Womb: Cats and
Dogs by National Geographic were both created in 2009. These movies move
fast with fascinating images of embryos, good animations and interviews.
However, as in the PBS special, there is no text or conceptual framework to

accompany the terms. In the National Geographic film, the topic of evolution is
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also not covered directly. It has more to do with the specific variation of dogs (In
the Womb: Cats and Dogs).

Early in this project, | also began a literature review on educational video
games. To get ideas for including a video game in the suitcase, | read about
Immune Attack, watched Spore, and played SimLife, Darwin’s Evolution Game,
and various simulations on the web. | also scanned some articles that showed the

effectiveness of video games in education (Foley, Hoppock, and Kebritchi).

Lectures, Discussions, and Interviews

Research was supplemented with lectures at UT Southwestern, discussion
with experts in the field of evolution, and teacher interviews.

On March 4, 2009, | attended Dr. Sean Carroll’s lecture, “Endess Flies Most
Beautiful: Cis-Regulatory Sequences and the Evolution of Animal Form,” and
found basic parallels in Dr. Trey Fondon’s research on dog skull morphology.
Both biologists researched mutations in areas of DNA which affect genetic
expression. So, the lecture by Dr. Carroll was useful in understanding and
simplifying the content in the evo-devo section of the animation. In October 28,
2009, | attended Dr. David Haig’s lecture, “Prader-Willi Syndrome and the
Evolution of Human Childhood,” which illustrated how genetic imprinting and
expression of Prader-Willi and Angelman Syndromes affect the evolutionary

fitness of the parents. While much of this content was too specific for my
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audience, it demonstrated the importance of teaching the fundamentals, such as
mutation and fitness. These lectures also opened new doors for future research,
beyond the scope of this project.

In addition, I had discussions with experts in the field of evolution. |
initiated an email correspondence with Dr. Carroll to discuss specific Hox gene
mutations in the vertebrate phylogeny. | met with Richard Mclaughlin, who gave
me a tour of Dr. Ranganathan’s lab at UT Southwestern. He recommended
several articles on evolution, and gave me a lecture on the “reducible complexity”
of the coevolution of proteins. Next, | met with Dr. Trey Fondon, who discussed
his research on dog skull morphology and tandem repeat mutations. Finally, |
met with Dr. Lewis Jacobs, who teaches Evolution and Vertebrate Paleontology at
SMU. He helped me in constructing several versions of vertebrate phylogenies,
and then we proposed a few possibilities for an educational video game on
evolution.

I also interviewed several teachers to discuss content and ideas for materials.
I met with Ben Jones, Bibiana Mendez and a former DISD Pre-AP Biology
teacher. They shared ideas with me, discussed my storyboards, and supplied me
with labs and PowerPoint presentations they use to cover evolution. | also met
with STARS Program Coordinator Lynn Tam to discuss the content of my

materials and their appropriateness for my audience.
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Classroom Observation

In October 2009, | observed an AP Biology class, taught by Bibiana Mendez,
at Adamson High School, in the Dallas ISD. | took notes while the class used the
Enzyme Instigator suitcase, to record what worked and what did not work. Of all
the research I did for this project, the classroom observation was the most
important in providing direction.

During the animation, it was clear that all the students paid attention during
the two brief sections, which illustrated an enzyme analogy. This analogy was
presented in a simple 2d style cartoon. However, the rest of the animation was a
more sophisticated 3d style; and the class seemed to get bored with these parts
fairly quickly. Eyes wandered and random scribbling ensued. One might think
that the Organelle Extravaganza (another “science suitcase” funded by the
STARS grant) animation, since it was mostly a 2d style animation, would have
been more effective in this environment. However, both the teacher and the class
said they liked the Enzyme Instigator animation more than the Organelle
Extravaganza animation. They also confirmed orally that what they appreciated
the most were the analogies in the Enzyme Instigator animation. It was the
unfolding of the concept, to include parallels with a teenager’s life, which seemed
the most effective way to keep all eyes on the screen. The Organelle
Extravaganza animation uses visual metaphors to illustrate all the cellular

organelles. But from the classroom observation, | found what creates a deeper
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connection with the class is a narrative which relates to teenage life. Everyone
was immediately interested in the story of a small group of friends riding in a car
to go play basketball, and how this story could explain the functionality of
enzymes. So, in the animation for the evolution suitcase, I tried to include
narrative-based analogies with which teenagers could relate. In fact Chapter 3:
Mechanisms, which was designed after this classroom observation, is one long
narrative about teenage giraffes.

After watching the animation, the teacher demonstrated the physical model
in the Enzyme Instigator. | noticed that the physical model was not being used as
intended by the designer. Instead of being a kinesthetic learning tool for the
student, the teacher stood at the front of the classroom and demonstrated the
model to the class. It became another visual learning tool, repeating the purpose
of the animation. None of the students touched the model after the demonstration;
it wasn’t necessary because the mystery was already solved. However, | could
also see why this was desirable for the teacher, in that, the entire demonstration
lasted less than a minute. It was a quick and easy review of the concepts. In light
of these observations, | decided to try to make a kinesthetic learning game for the
student, but which was also a quick and easy demonstration, just to review the
concepts.

Next, the class did one of the labs. There was an issue with the materials

because not all that was required was included in the suitcase. So, it was
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explained to me that often the teachers had to “make due” or not do a particular
lab if they didn’t have all the necessary equipment. In general, the students were
not engaged in the lab at all. In fact, a few got up and left to go wander the halls
outside of class. | decided that the lab for the evolution suitcase needed to include
materials (e.g. fossil casts) that are visually interesting, and possibly have little
narratives of their own, to better engage the students.

In an after school science club meeting, | observed an evolution program
delivered by the Museum of Nature and Science. They gave a history lesson on
Charles Darwin, measured bird beaks, and then played a game using seeds and
various grasping hardware tools. This was just to demonstrate variation and
fitness, though I don’t recall these terms being mentioned in the game. | noticed
the kids enjoyed playing the game because there was a simple objective: get as
many seeds as you can. This was very unassuming. It broke the routine of
formulaic lessons and involved a little action. The shy students, | observed, were
smiling and clearly connecting to the other students in the class, while playing this
game.

From these classroom observations, | decided to include a game that would
be an improvement over the museum’s seed game. | noticed that their game didn’t
involve much of a lesson plan, nor did it go over any critical concepts in
evolution. Expanding the vocabulary of the game, to include terms like

population, phenotype, fitness, natural selection, adaptation, gene flow and
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genetic drift, was one way to improve game. Also, | realized there should be
more than one environment and multiple generations to show how populations
can evolve and adapt differently, under different selective pressures, over time.
This would teach the student that it is the environment that selects the individuals.
Also, it would teach that fitness is relative to the environment, meaning there are
no absolute “superior” phenotypes. Furthermore, it would teach the most
important lesson in this activity; that is, genetic variation is very important in a

population because the environment changes.

PLANNING THE MATERIALS

Proposed Class Schedule

After doing research, | formed lesson plans for the materials in my suitcase.
The Animation was divided into 5 chapters to cover the content systematically, to
allow for flexibility in the teacher’s schedule, and to help the student easily
organize the information. During the formative evaluation for this project,
teachers expressed differences in how they would use the animation; some said
they would show the entire animation in one day, while others said they would
rather watch pieces of the animation, combined with the other activities, over the
period of 1 to 2 weeks. While the intent is to keep this project as flexible as

possible for the teachers, my proposed schedule is as follows:
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Day 1: Watch Chapters 1, 2, and 3. Then play Beak Niche.

Day 2: Watch Chapters 4 and 5. Then do the fossil lab.

Lesson Plan for the Animation

Learning Objectives

Chapter 1 Introduction

1.

2.

The student will understand the definition of evolution, and that it is a
scientific fact not a theory.

The student will have an overview of all the empirical observations that
support evolution, which are covered in detail in the subsequent chapters.

Chapter 2 The Fossil Record

1.

The student will understand that the Earth and its fossils are found in
layers, and that in sedimentary rock, the newer layers are generally on top
of the older layers.

The student will have a basic understanding of what radiometric dating is
and how it is used to determine the age of rocks.

The student will know that radiometric dating shows that the Earth is
about 4 2 billion years old.

The student will know the general history of humanity’s evolutionary
lineage from ancestral Deuterostomes to Mammals.

The student will understand that our relationship to other living species is
based on an expanding phylogenetic tree, not a “ladder” or “chain of
being,” and that this phylogenetic tree does not support any concept that
there are “superior” species. In other words, humans are not “better” or
“higher up” than living lizards, starfish or monkeys. We are, in fact, one
random living twig among other random living twigs on this tree of life.
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The students will understand how knowing the age of rocks helps
scientists find certain fossils (e.g. by knowing the age of rocks, they know
where to look to find dinosaur fossils vs. where to find human fossils).

The students will be able to relate evolution to the analogy of a jigsaw
puzzle, so they can understand that, while scientists feel compelled to
complete the picture, they don’t need to find all the pieces to know that the
picture does, in fact, exist.

Chapter 3 Mechanisms

1.

The student will know that evolution works on populations over
generations, and not individuals.

The student will be able to define population, and understand that it can be
relative to what a scientist is comparing, or how closely the scientist is
zooming in on a particular group or groups.

The student will be able to define natural selection.

The student will know some examples of how natural selection works in a
population, such as: competition for food, predation, and sexual selection.

The student will understand the 2 types of sexual selection: intersexual
selection and intrasexual selection.

The student will understand the concept of gene flow, and be able to give
an example.

The student will understand the concept of genetic drift, and be able to
give an example.

The student will understand the concept of artificial selection, and be able
to give an example.

The student will know the 3 modes of selection: directional, stabilizing,
and disruptive selection. They will also understand what these modes of
selection do to a population, its distribution curve, and how the population
will evolve and adapt to different environments.
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10. The student will understand how speciation happens through reproductive

isolation, usually over a long period of time.

11. The student will know that all these mechanisms work through a

population’s intrinsic genetic variation, which is supplied by sexual
recombination and mutations in genetic material.

Chapter 4 Embryology

1.

The student will understand the definition of embryology, and how the
observations in this field support evolution.

The student will have a general idea of the similarities in the progression
of stages in the embryological development of all vertebrates. They will
be familiar with the stages of the single cell, cleavage, morula, blastula,
and gastrula. They will know that all the vertebrate species also develop
into an embryo with similar (homologous) structures, such as: a head,
post-anal tail, pharyngeal arches, and notochord.

The student will understand that the aforementioned developmental
similarities are the result of conservation of similar genes, specifically:
egg polarity, segmentation, and homeotic genes.

The student will understand the importance of the genes with respect to
evolution, and why they have been conserved for such a long time.

The student will gain an appreciation of where evolutionary-
developmental (Evo-devo) research is headed, including: mutations in
developmental genes, epigenetics and mutations in cis regulatory regions.
They will know an example of new research done at UTSW, which relates
to modern Evo-devo research. The example is Dr. Trey Fondon’s
research on dog skull morphology and its link to tandem repeats in cis
regulatory regions.

Chapter 5 Phylogeny

1.

The student will be able to recognize a phylogenetic tree and know that it
depicts relationships between species.
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2. The student will be able to identify the most recent common ancestor
between 2 taxonomic groups.

3. The student will understand an example of the hierarchical naming format
of taxonomic groups. Specifically, they will know that humans are in the
taxa Primates, which are included in the taxa Mammals, which are
included in Amniotes, then Tetrapods, etc.

4. The student will be able to define homology and understand its
relationship to the phylogenetic tree.

5. The student will know what homologous structures are, be able to give
examples, and place them appropriately on a phylogenetic tree.

6. The student will know what analogous structures are, be able to give an
example, and place them appropriately on a phylogenetic tree.

7. The student will be able to define vestigial structures and give examples.

Lesson Plan for the Game

Conceptually, the game mimics what you would find in nature; that is, it is
based on probability. There are environments with selective pressures and
individuals in populations with varying degrees of fitness, so it is very likely that
(A) the populations will evolve and (B) the mechanism for that evolution will be
natural selection. As in nature, the dice are heavily loaded for this scenario.
Also, as in nature, the game does not produce black and white results; it is not
absolute. It is possible your population may not evolve. And it is possible your
population may evolve, but more through genetic drift, and not natural selection

(i.e. if the group with the least fitness somehow manages to be the most
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reproductively successful - it would be genetic drift as a result of that particular

sample — it is possible, but very unlikely). The point of the game is to have some

physical object to use to review these concepts and see how they relate.

Learning Objectives

1. The student will understand the concept of population.

2. The student will understand what genetic variation is and its effect on
observable traits in a species.

3. The student will know the process of natural selection, which works,
through the environment, on populations with genetic variation.

4. The student will understand how an individual’s fitness is dependent on
the environment. If the environment changes, so might fitness.

5. The student will understand how natural selection causes a population to
adapt differently to different environments.

6. The student will understand the effect of gene flow on a population.

7. The student will understand the effect of genetic drift on a population.

8. The student will know why variation is important to a population’s
survival (i.e. because the environment can change).

Scenario

The game is designed to reinforce the concepts illustrated in Chapter 3:

Mechanisms, in the animation. So, after watching this chapter, the class will

pretend to be a population of birds competing for food in two different

environments. There is a shallow-hole environment with big seeds and a deep-
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hole environment with small seeds. The population has “genetic variation” as

indicated by the 3 different phenotypes: a green long beak bird with a slick mouth

surface, a blue medium beak bird with an average mouth surface, and a yellow

short beak bird with a rough mouth surface.

Logistics and Points of Discussion during the game

1.

2.

Set up both environments and have 6 students at each environment.

Each of the 12 students at an environment will get a phenotype. Start off
with 2 of each phenotype at each environment.

The teacher will explain to the class that they are a population of birds and
ask the class if they remember, from the animation, the definition of a
population.

The teacher will ask the class how they know their population has genetic
variation (the answer is that there are different phenotypes).

The students will now take turns (one at a time) trying to get as much food
as possible. They each get two, 10-second turns. Record the food score
on the board for each player, and replace the food after each turn.

After they compete for food, the teacher will explain that if they got
enough food they can support reproductive offspring.

The teacher tallies the food score on the board and determines the number
of offspring each individual gets.

0 food = 0 offspring

1-6 food =1 offspring
7-13 food =2 offspring
14-20 food = 3 offspring
21-25 food = 4 offspring
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Those 12 students replace the food, sit down and the new generation gets
up. They get the same phenotype as their parent. If the class is small they
can recycle students.

If needed, the teacher can explain that, while this is a very simplified
version of genetics, it’s useful in this demonstration to quickly show a
basic selective inheritance of traits.

The new generation will repeat the game. The teacher can repeat this as
much as necessary to demonstrate how different environments, with
different selective pressures can cause populations to evolve and adapt
differently.

The teacher will ask the students if their population is adapting to the
environment. If they didn’t already go extinct, the answer will likely be
yes, in both environments.

The teacher will also ask the students, “For which traits are the
environments selecting?” (answer: beak length and mouth surface)

At some point, the teacher will tell two random students from each
environment, in one generation, to migrate to the other environment. The
teacher will ask, “What just happened? Remember from the animation?”
(The answer is gene flow). “Does this cause the population to adapt?
(Most likely it does not).

Then play the game again.

Now, after competing, instead of tabulating offspring in one environment,
the teacher explains how a number of human corporations, motivated
solely by profit, begin a vast wave of deforestation, obliterating an entire
ecosystem. All the students at that environment sit down. No offspring for
them. The teacher will ask, “What just happened? Remember something
like this from the animation? Something very random, and not usually part
of the natural environment, causes what??” (answer: genetic drift). “Did it
cause the population to adapt?” (answer: no, they all died)

Play the game again, only for the other environment.

Now the teacher will switch the environments, and asks “So what happens
if the environment changes?”
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18. Play again.

19. The teacher will ask, “So why do you think genetic variation is so

important for a healthy population?”” (answer: because the environment
can change)

Lesson Plan for Fossil Lab

Learning Objectives

1.

The student will gain hands-on experience working with fossil casts and
replicas.

The student will understand the phylogenetic tree, which is based on
homologies.

The student will understand homologies and how they show common
ancestry between species.

The student will use deductive reasoning to discover how these fossil
species evolved and how they are all related.

Instructions

1.

After watching the video, place the fossils on a table (the fossils are
numbered).

Have the students come up with a hypothetical phylogenetic tree, based on
what they think shows the relationships between the species. Allow the
students to pick up and observe the fossil casts.

After forming their hypothesis, have the students read the descriptions of
the species and then match them to the fossils.

Go over the correct answers with the class.
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5. Then have the students fill out the blanks with the correct species in the
phylogenetic tree worksheet, and place the listed homologies in the
appropriate spots on the tree.

6. Have the students complete the post-lab questions.

7. Have the students evaluate their hypothetical tree and make changes to
correct it, if needed.

PRODUCING THE ANIMATION

Script, Storyboard and Animatic

After establishing lesson plans for the materials with my committee, | began
designing the components of the suitcase. Further research and revisions to all
aspects (including learning objectives, script, storyboard, and final product) of all
materials were necessary during all stages of this project, as numerous
recommendations were made by my committee each time we met.

First, I wrote a script for my animation and presented it to my committee.
Revisions were made and several drafts of the script were written. The final script
is in the Teacher Guide, which is in Appendix F. Next, | designed a storyboard,
based on the script, in Adobe Photoshop CS4. A storyboard is created, prior to
the production of an animation, to establish the conceptual flow of ideas and

images. | used both existing and created assets in the storyboard.
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FIGURE 3.

Building the Storyboard in Adobe Photoshop

I met with my committee many times to review the progress of the

storyboard, and discuss revisions to both the storyboard and script. By the end of

fall 2009, | had a complete storyboard and script, which is in Appendix C. | was

then instructed by my committee to begin working on an animatic to present for a

formative evaluation.

An animatic is a rough draft for an animation and, in the production process,

comes between a storyboard and a final animation. First, | created assets from

images in the storyboard and audio segments | recorded of myself narrating the

script. I imported these into Adobe AfterEffects CS4. | animated some of the

assets and created transitions to fit the audio.
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FIGURE 4. Building the Animatic in Adobe AfterEffects

I completed animatics for each chapter in the storyboard, and imported these

into Adobe Encore to build a DVD.
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FIGURE 5. Building the Animatic DVD in Adobe Encore

Formative Evaluation

On December 5, 2009, STARS held a Mini-Symposium for a preview of the
new science suitcases. | showed the animatic and asked the audience, mostly
teachers in the DISD, to fill out a formative evaluation to help direct the final
animation. Overall, the audience was both receptive and positive, offering useful
constructive criticism and encouraging feedback. The collected evaluations are in
Appendix D. In addition, copies of the script were dispensed for the teachers to
comment on specific parts as they watched the animatic. Their notes on the script
are also included in Appendix D. The first 4 questions listed are quantifiable and

subsequently illustrated on a chart below.
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TABLE 4. Formative Evaluation

(Questions 1-4)
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Question 1: “Do you think your students would connect with this content?”

uYeSH

“Yes, definitely my students will connect with the content
about fossil record, natural selection, and speciation.”

“Yes. It is a great visual representation for the students to
help them understand the concepts.”

“Yes, the idea of where we come from is still important and
peaks the curiosity.”

“Yes, needs a little mathematically connection w/ SA/V
ratio.”

“Yes, this is long past due for today’s students.”

”mostly but right now it’s higher level than freshman
biology, maybe Pre AP to AP level,”

“for the most part yes [but] some [material is] above my
students,”
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* *“yes — but some parts are beyond the scope of what | teach”

» “great job with making deep/difficult subjects
understandable — good level.”

*  “possibly”

e 2 left no answer.

Question 2: “Would you be interested and enthused about teaching it, and using
this as a discussion aid?”

4 responses were “yes”

*  “Yes, | would use this as a great tool for Exit TAKS review
for juniors and seniors [who] struggle with retention of
concepts needed for exam.”

« “I teach 7" and 8" grade and much is beyond what we do,
but I would use it to reinforce what they have learned, and
into deeper topics. | may even use some in 7" [grade] for
evolution/adaptation and 8™ [grade] in fossil rock geologic
time scale.”

* “Yes | am very excited about your handout... very basic,
simple but informative, interesting and engaging.”

* “Yes this information is great! It gives students a more “in
your face” approach to learning the material, especially in
this “video age” we are living in today.”

*  “Yes—1 like that we can pause and discuss w/ class”
e “very much so”
* “yes, if it’s in a good form esp. for freshman level”

e 2 left no response.

Question 3: “Are there any parts that you would rather me leave out completely?”

e 5responses were “no”
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“No, will not leave out anything.”
“No — everything was linked well and even revisited.”

“Everything” (From other positive comments on this
particular evaluation, it is assumed that the teacher meant
include everything, and leave out nothing.)

1 response was to not get “argumentative” about whether
evolution occurs or not (the full response is in Appendix E)

4 left no response.

Question 4: “Will you use this when it’s done?”

3 responses were “yes”
“Of Course!”

“Yes, yes, definitely. I love it. This is complicated for
students to understand because of misconceptions and
complexity of topic.

“I would like to.”
“Yes, definitely.”

“Yes —would love to just have the CD even w/o the rest of
the suitcase”

“Yes, to teach and train other teachers.”
“you would make a great teacher.”
“definitely consider it.”

2 left no response.

Question 5: “What do you think are the most interesting parts in the animatic?”

“Visuals and future interactivity”

“Evo-devo, the questions and answers are very informative.
The vocabulary words.”
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“comparing embryos development”

“I liked the mix of real images, cartoons, graphs, and
charts.”

“Graphics used to explain, extend info will build on prior
knowledge of students.”

“The SA/V ratio and how it affects natural selection.
Homologous structure tree.”

“The connection of evolution throughout history. Excited
about animations with verbiage.”

“Evo-devo. Students always are curious to know how we
might be related to other species. This is a great
introduction and tool for the lesson.”

“Evo-devo.”

4 left no response.

Question 6: “Is there anything that you think should definitely be added in terms
of content for this animation?”

“The parts that you covered are the most challenging to
most students.”

“Genetic drift and gene flow. | think will both be tested on
the new Biology end-of-course test.”

Many other possibilities for extensions were mentioned
(included in Appendix D)

Question 7: “Feel free to share any other ideas or concerns.”

varied responses (included in Appendix D)
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Please share your thoughts on my animatic for evolution. Eventually {this spring}, it will be a full-fledged
animation, but your critique on my content and general flow of ideas right now will help direct the final
outcome for this project. Thank you.

What do you think are the most interesting parts in the animatic?

Do you think your students would connect with this content?

Would you be interested and enthused about teaching it, and using this as a discussion ald?

Are there any parts that you would rather me leave out completely?

Is there anything that you think should definitely be added in terms of content for this animation (ie.,
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, a more
systematic coverage of Darwinism, sexual selection, co-evolution... the list goes on})?

Will you use this when it's done?

Feel free to share any other ideas or concerns:

FIGURE 6. Formative Evaluation
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Revisions Resulting from the Formative Evaluation

Several questions arose from Chapter 3: Mechanisms. During my
presentation, Biology teacher Bibiana Mendez orally expressed some concerns
about the SA/V section, but she also mentioned that she liked the parts with the
different modes and curves of natural selection. She wrote on the evaluation,
“Would like more of an introduction before you start in SA/V ratio. What is the
point of explaining this and how is this relevant to a teenager’s life?” She also
wrote, regarding another part in this chapter, “I’m not sure the students would
understand the graphics here. Using a more creature-like graphic that changes
slowly might be easier to understand.” Another recommendation was to “reduce
and simplify the SA/V portion.” However, another teacher stated that she liked
the idea of reintroducing SA/V ratio in another context, like evolution. Ultimately,
what was recommended was that | begin with another creature, which has a
recognizable trait any 9" grader can relate to, before delving into the SA/V ratio
content.

In addition, there were comments about the end of Chapter 3, which covers
Bergman’s Rule. While this is certainly a very interesting topic in evolution
(which also applies to humans), a couple of teacher comments made me
reconsider including this material. During the presentation a teacher asked, “Does
it have to be humans? I’m going to get phone calls.” He recommended cacti or

polar bears as alternatives. Another teacher approached me about Bergman’s
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Rule and asked, “Is that why black people need to wear an extra coat in cold
weather?” | explained that skin pigmentation was initially an adaptation to sun
exposure and related to a population’s proximity to the equator, but had nothing
specifically to do with the SA/V ratio adaptation described in Bergman’s Rule. |
decided to take out the Bergman’s Rule part for fear that it would be
misunderstood and used to teach some unintended ideas concerning race. At
another meeting, a DISD teacher asked me which race | thought was the “most
successful,” because she was concerned the “whites” were going extinct. These
kinds of sentiments strengthened my commitment to remove Bergman’s Rule,
although it has nothing to do with race. It was causing confusion and | feared the
consequences in the classroom. From the perspective of evolution, “race” is an
historical construct resulting from a sociopolitical agenda. | have no intention of
referencing race in any way because race is both an arbitrary and non-scientific
idea, which predates the study of evolution.

From the evaluations, genetic drift and gene flow were mentioned by 2
teachers as possible expansions for the content. In fact, one teacher mentioned, “I
think both will be tested on the new Biology end-of-course test.” Also mentioned
in one evaluation, is “artificial selection.” Another response generally stated,
“more evidence for evolution needs to be added.” Reviewing the content in the
animation, | cover the fossil record, embryology, phylogeny, and genetic and

anatomical homologies. Natural selection was covered in Chapter 3. However, |
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knew that all the population mechanics in evolution, described in Campbell’s
Biology, could be explained more effectively to provide more concepts that
support evolution.

Considering all these questions, concerns and criticisms of Chapter 3, |
revisited an earlier narrative-based storyboard I created about a giraffe population.
I needed an obvious trait on a recognizable creature to make the content more
accessible to a teenager. Giraffes, with their long necks, are often cited to
illustrate principles in evolution. | chose to make the giraffes in my animation
have human teenager-like personalities. They are angsty, expressive, and
obsessed with sex, which is also convenient because population mechanics in
sexually reproducing organisms has everything to do with sexual reproduction. |
did this to make the content more accessible and interesting to teenagers. | also
designed the chapter to cover more content, based on teacher comments for
possible add-ons and in foresight of the new TEKS objectives. In this expanded
chapter, I included definitions, illustrations, and explanations of the following
concepts: populations, natural selection, sexual selection, gene flow, genetic drift,
artificial selection, genetic variation, mutation, recombination, and speciation
through reproductive isolation. The giraffe storyboard is in Appendix E.

The SA/V ratio part was reduced to an optional lab in the middle of the chapter, to
cover the specific modes of natural selection (directional, stabilizing, and

disruptive) in more detail.



50

No recommendations were made for Chapter 1. However, concerning
Chapter 2, a comment was made that the fossil record illustrated in the animatic
“gives the wrong impression that evolution is ‘goal oriented.”” Regarding the
same section, another wrote, “I like the analogy and making the point that humans
aren’t really *on top.”” These statements referred to this part in the script: “So in
case you’re feeling on top of it all, keep in mind that these ancestral species split
into millions of other lineages, which evolved into all the species alive today.”
The script needed revision to clarify my intentions with the teacher who made the
first comment. However, it needed further revisions later, under the oversight of
my content advisor, to maintain scientific accuracy.

As human beings, we have an intrinsic interest in how we relate to the rest of
life on Earth. One of the implied goals for this project is to show high school
students, not only that evolution is substantial, but also how we are all a part of it.
My intentions in the above mentioned section were to show how we fit in to a
specific branch on a phylogenetic tree, which relates to geological time, and that
this is not any kind of goal-oriented structure, like a “chain” or “ladder.” 1
clarified this in the script and the final animation.

Two comments were made regarding Chapter 4. One said to include a
definition of embryology, in the beginning, which | did. The other, concerning
the section on dog skull morphology, said, “My 9" graders would get lost with

this info, but I like including the latest research. Is there a way to simplify this?”
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| attempted to simplify this part many times in both script and imagery, to make
this research more accessible for the student.

One teacher wrote she “liked the jigsaw puzzle analogy” in Chapter 2, but
regarding the fireworks analogy in Chapter 3, wrote “analogy OK.” Another
teacher commented, “the fireworks analogy didn’t work for me.” So, | took out
the fireworks analogy when | rewrote Chapter 3, but | animated the jigsaw-puzzle
analogy in Chapter 2.

A few things were mentioned in Chapter 5. A label in the phylogenetic tree
was missing, which | corrected. Regarding the part in my script which says, “But
did you know all fish have lungs, or swim bladders, which evolved from lungs,” a
teacher wrote, “would need some explanation.” Considering the amount of
information | had to cover, and the complexity of this particular homology, |
decided to remove the “lungs” section and focus more on limb homologies. This
is a less convoluted example to illustrate to high school students, and the
homologies are easily referenced on their own bodies. One teacher wrote
“vestigial structures — would liked to have seen the word as you pronounced it.”
All of the important vocabulary, in all of the chapters, was included in the final
animation.

One last comment worth mentioning here is “more animations.” The

animatic was like a motion-graphics lecture, almost a slide show in some sections.
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A lot of time was needed to produce the final art, record and revise the final

audio, and animate the imagery for clarity and interest.

Final Animation

First, I made a list of all the assets | needed in Microsoft Excel. Some of the
assets were created, some were downloaded from sites like Creative Commons on
Flickr, and some were purchased through websites like TurboSquid and
3dScience. There was some flexibility in the list and | generally bought assets as
needed, while I worked on specific parts in the animation. So the list was revised,

as the animation progressed, to include the most necessary and least expensive

models. Everything | bought came with a copyright for use in my animations.

FIGURE 7. Asset list in Microsoft Excel
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All assets, initially created by myself or not, were adjusted and manipulated,
in Photoshop and/or Maya, for use in the animation. Texture maps were altered.
Lighting and camera angles were adjusted. Shaders were made or downloaded,
and then adjusted. Rigs were animated. Animations were adjusted through their
rigs. Layers were created for control. Nothing I downloaded or bought remained

“untouched.”

FIGURE 8. Creating Final Assets in Adobe Photoshop
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FIGURE 9. Creating Final Assets in Autodesk Maya
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FIGURE 10. Adjusting Final Assets in Adobe Photoshop
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FIGURE 11. Adjusting Final Assets in Autodesk Maya

All assets were then imported into Adobe After Effects, and put into

compositions to highlight, label and animate in time with the audio.
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FIGURE 12. Final animation in Adobe After Effects

I made separate files for each chapter, except Chapter 3: Mechanisms, which
needed multiple files for the natural selection lab menu. Using Adobe Dynamic
link, the final After Effects compositions were imported in Adobe Premiere for
final editing. Adobe Premiere was used primarily to edit audio and extend or cut
sections in the animation. It was also used to add some transitions between scenes

and images.
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FIGURE 13. Final Editing in Adobe Premiere

Again, using Adobe Dynamic link, files from Premiere and After Effects
were imported directly into Adobe Encore to create the DVD. | created the title
menu, the natural selection lab menu, and motion menus for the end of chapter

quizzes in Photoshop.
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FIGURE 14. Building the DVD in Adobe Encore

Once the flow chart was organized with the correct links for chapters and
questions, | built a final DVD in the NTSC 720 x 480 format, for use in the

classroom.

Producing the Game
Working with the Museum of Nature and Science

First, | created a rough outline for the game on paper.



FIGURE 15. Rough outline of game

Then meetings were held with my thesis committee and the Museum of
Nature and Science for possible revisions to the concept. The game was
simplified; germ cells, mating, and Hardy-Weinberg content were removed, and
the game was revisualized to focus more on fitness, natural selection and
adaptation.

A prototype of paper and foam core was constructed and presented to the

museum to discuss the process and materials for the final product.
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FIGURE 16. Prototype of game FIGURE 17. Early food material

The food used in the prototype consisted of steel nuts (hardware) of different
sizes and weights. Both the food and the depth of the holes in the 2 environments
created selective pressures on the different beak types. Originally, selection was
caused by the weight of the food, and the length of the beak was the only
determining trait for both hole depth and food weight.

The game was slightly reconceptualized to include a large group, and new

plans were drawn.
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FIGURE 18. New plans for game

I held meetings about twice a week with the museum staff for several
months, as they experimented with some new, more durable materials. PVC pipe
was used to create the holes in a base made with MDF, which was chosen to add
weight so the board would not move during game play. Cintra was chosen as a lid

because of its durability.
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FIGURE 19. PVC and MDF FIGURE 20. Cintra lids

FIGURE 21. Printed beak template = FIGURE 22. Plastic coverings

The bird beaks were set in a template in Adobe Illustrator CS4 and printed
on vinyl. A scored and folded plastic covering gives protection to the beaks.

Meanwhile, Satoko Sato began designing the patterns on the beaks.
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FIGURE 23. New materials

It soon became apparent that the new materials did not have the same
functionality as the prototype model. Firstly, the food weight now had no
selective effect with the beaks, so the game was not producing the desirable
results. | tried a number of different things, using different materials for food. |
drilled holes in the beaks. | put tongue “limits” in the beaks. | experimented with
different mouth surfaces. Ultimately, | chose balls made of Delsym (a slick

lightweight plastic), as the new food. Since food weight and beak strength were



64

no longer relevant, the new trait | tried to pass along to the museum was tongue

size.

Tongue Limitations

big seeds little seeds
(deep environment) (shallow environment)
[ ] L [ ]
long beaks
O
success failure
L] L] L ]
med. beaks O o)
success “struggles”

(possible success)

short beaks O O

(doesn’t matter) success

FIGURE 24. Improvising new traits

| created little tongue prototypes out of paper and tape and explained what |
wanted to the museum staff. However, when the museum made the tongues they

all came out the same, thus becoming merely decorative. This required more
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improvisation on my part, and | experimented again with mouth surface and
found that duct tape worked well to pick up the slick Delsym balls. I made more
prototypes, this time with different mouth surfaces. This time the museum staff
produced a working long beak and a working short beak, but the medium beaks
were exactly the same as the short beaks. The mouth surface in the medium beaks

was revised, as per my instructions, to produce the desired results for the game.

Teacher Evaluations of the Game

Two informal evaluations of the game were held with STARS teachers at the
Summer Research Program. In the first meeting, | just wanted to gauge the
emotional response of the teachers and find out if they had any recommendations.
They were very positive about the game. One teacher said the students “will play
with this for hours.” A couple of people mentioned that it was a little like
Hungry, Hungry Hippos. | went through the instructions with them, but no
recommendations were made to improve the game. However, | asked the teachers

to take a copy of the instructions and to email me if they thought of anything.
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FIGURE 25. Teachers playing Beak Niche

At another Summer Research Meeting, a group of STARS teachers played
through the instructions to test the results. The mechanics of the game worked
fine on that group. A few revisions were made to the instructions prior to that
meeting, but both populations evolved through natural selection pretty

convincingly.

List of teacher considerations in the second meeting:

1) One teacher had a great idea, both for expanding the game time and forcing
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participation of the students. Instead of all players going for the food at once
(which could cause problems), have the students take turns (one at a time) trying
to get as much food as possible in about 5-10 seconds. Increase the amount of
food, or replace it each turn, so who goes first is not a factor. And then repeat.
This would force participation via social pressure. And all the teachers seemed to
be in agreement that this was the best idea. So, I included the "one-at-a-time, 10

second rule” in the instructions.

2) Another teacher said she needed 2 sets. Her point was that having half the
class wait to be the next generation would cause issues in the classroom. It was
expressed that all the students need to play the game at once, and not wait to play.
Again, the teachers were in agreement over the” 2 set rule.” So, | included 2 sets

in the suitcase (despite the extra weight).

3) A couple of teachers wanted cups for the food. This became a further

consideration, to possibly include in the future.

4) Some kind of "moat" around the board, which would catch the errant food, was

an add-on considered. This was also a further consideration.

5) A few teachers discussed Hardy-Weinburg, and then asked if the game could
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be used to demonstrate a Hardy-Weinburg population. The answer is yes, and
this idea became a further consideration for the game, as well.

The final game instructions are in the Teacher Guide in Appendix F.

Producing the Fossil Lab

First | searched for fossils on the web, but most were not within budget.
Another possibility was fossil casts and replicas, which allowed for a much
greater variety in materials. The Museum of Nature and Science was considered
as a resource for casting fossils; however, the staff expressed the desire to order
materials online, if that was an option. | searched a number of sites for fossil
casts, including: PaleoScene, Taylor Made Fossils, Skullduggery, The Stone
Company, The Black Hills Institute, Fossil Reproductions, and more.

I chose fossils based on the following criteria:

1) Phylogeny: | chose fossils belonging to major groups in the vertebrate
lineage because this most closely related to the fossil record and

phylogeny discussed in the animation.

2) Interest: The vertebrate fossils, offered in casts online, included some of
the most interesting, and historically important species. | searched for
fossils with interesting narratives in evolution, aside from the lab project,

to supplement the activity if possible. Sometimes the goal became to break
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“stereotypes” associated with species. The tree-climbing dog, the tiny
horse, and the miniature dinosaur fit this strategy. Also, some fossils were
chosen based on their significance in the field, like the Berlin specimen of
the Archaeopteryx (which is one of the most famous fossil discoveries
ever made), and the Placoderm (armored fish), which is one of the earliest
discovered Gnathostomes. Moreover, specific casts were chosen to
illustrate some interesting homologies, which teenagers are likely to

understand, such as: teeth, jaws, wings, symmetry, and limbs.

3) Weight: Fossil casts are available in gypsum cement and resin. When
available, | opted for resin to reduce weight in the suitcase. | also

specifically searched for small, and sometimes juvenile, specimens.

4) Size: Since the cast needed to fit in a portable suitcase, | searched for
fossils under 2’ in length and width, with a preference for very small

fossils.

5) Cost: Some fossil replicas are extremely expensive, and | searched for

ones which fit in my budget.

Based on the phylogenetic trees and homologies observed in my research, |

created a lab activity to reinforce concepts reviewed in the animations, such as:
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phylogeny, most recent common ancestry, major vertebrate groups, homologies,
and taxonomical relationships. | included questions to help the student
understand relationships between the species.

A committee meeting was held to discuss possible revisions. Then a meeting

with STARS teachers was conducted to evaluate the lab.

FIGURE 26. STARS teachers reviewing the fossil lab
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The teachers thought having the fossil casts in class would be great;
however, no recommendations were made to improve the lab. | asked them to
take copies and email me if they thought of any improvements.

The final fossil lab is included in the Teacher Guide in Appendix F.

Teacher Guide

A printed, spiral bound teacher guide was included in the suitcase to help
teachers with the activities. It includes: lesson plans for the activities, the
animation script, student worksheets for the animation, instructions for the game,
and instructions and handouts for the fossil lab. A CD was also included with all

the printable material. The final Teacher Guide is in Appendix F.



CHAPTER THREE
Conclusions

This project shares the general goals of the STARS Triathlon, including: the
provision of resources to underfunded school districts in the surrounding areas,
the development of an educational environment that encourages the successful
completion of Advanced Placement courses, and the strengthening of interest and
enthusiasm for science in the community. The specific goal of this project is to
provide, to high school biology classes in the surrounding school districts,
materials that facilitate the understanding and appreciation of evolution. I intend
for the materials to be comprehensive and cover the major empirical observations
that support evolution. These observations include the fossil record, the
evolutionary mechanisms in populations, embryological development, and genetic
and structural homologies between species. In addition, the goal is to illustrate
the vastness of evolution, provide an example of current research in this
expanding field, explain how we are connected to all life on Earth, and to generate
empathy for this subject.

To accomplish these goals, it was necessary to simply and accurately explain
and illustrate the empirical observations that support evolution to a high school
audience. This required a particular methodology. | conducted surveys from
teachers in the surrounding school districts, researched existing literature on

evolution, engaged with experts and teachers in the field, and observed the use of
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a “science suitcase” in the classroom. From the surveys and interviews, | learned
which materials are most requested and which concepts are most difficult to
teach. From my research into the content of evolution, | developed a conceptual
framework to simplify this complex subject matter. From my discussions with
experts in the field, I uncovered interesting topics in current research. Lastly,
from my classroom observation, | discovered an effective way to engage my
audience.

I designed an animation, a game and a lab. The purpose of the animation is
to guide or supplement classroom lecture and discussion of evolution. The
purpose of the game is to provide a quick and simple in-class demonstration of the
mechanisms of evolution, reinforcing concepts learned in the animation. The
purpose of the lab is to reinforce certain concepts in the animation, specifically
the fossil record, homologies, and the phylogenetic tree.

After creating the script and storyboard for the animation, | developed an
animatic to show for a formative evaluation. From the constructive response of
my audience, | learned both the early successes and failures of the animation.
From the answers to Question 1 in the formative evaluation, it was conclusive that
the teachers felt their students would connect with the material. Establishing a
connection with the student is necessary to facilitate understanding, appreciation
and empathy. So, in this respect, the material was successful. However, a few

teachers expressed a concern that the content went beyond what they teach in the
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class. Perhaps, for these classes some of the material was too advanced; and, in
this respect, the materials demonstrate a certain level of failure. The responses
from Questions 2, 3 and 5 in the formative evaluation show an overwhelming
level of interest and enthusiasm for the material, from the teachers. Again, this
shows how the material succeeded in accomplishing the goals for this project.
Moreover, the responses from Question 4 in the formative evaluation indicate that
the materials will be used; and this also demonstrates a successful step in
achieving this project’s goals.

In the discussion following the formative evaluation, many of the questions,
concerns and failures of the animatic were explained. With these problems in
mind, numerous revisions ensued to produce the final animation, using Adobe
CS4, Autodesk Maya 2009, and other software. The final production included a
simplification of the material, numerous content revisions, and the attempt to
make the animation more dynamic and interesting to high school students.
Ultimately, its effectiveness in accomplishing the goals for this project will be
tested once the materials are used in the classroom.

With the help of The Museum of Nature and Science, the game was designed
to demonstrate the mechanisms of evolution. Once the materials produced the
desired results, | held meetings with STARS teachers to evaluate the game. In the
meetings, the teachers showed interest and enthusiasm for the material; and they

said their students would connect with it. In a run-through of the instructions of
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the game, it successfully demonstrated fitness, adaptation, and natural selection
over successive generations. Some teachers suggested a few rule changes and
considerations for materials to improve the game, but overall, the game was
received favorably. The teacher responses and the successful run-through
indicate that the game is a kinesthetic learning activity that will help reinforce
concepts in the animation. Consequently, it will likely help achieve the goals for
this project. However, like the animation, its true effectiveness in attaining the
goals | set forth will be tested in the classroom over many years.

The fossil lab was developed to reinforce the concepts of phylogeny and
homology. After I researched other fossil labs online, decided on the best fossil
casts to include, and designed the lab, | held a meeting with the STARS teachers
to evaluate it. Their reception of the lab materials was positive; they felt having
the fossil casts in class would add to their discussion and no recommendations
were made regarding the lab instructions. | asked the teachers to take copies of
the lab and contact me if they had any questions or concerns; however I received
no negative feedback. The teacher response to the lab indicates that it is a
kinesthetic learning experience that successfully reinforces the concepts of
phylogeny and homology, which are covered in the animation.

In conclusion, the teacher responses to the animation, game and lab indicate
a strong likelihood that the materials will be used to effectively facilitate the

understanding and appreciation of evolution. The effect on test scores, AP
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enrollment, successful completion of AP classes, and student interest in the
materials and activities, will be observed once the project is used in the
classroom. The effectiveness in achieving the higher goals of creating empathy
and a sense of connectedness in my audience, with both the subject and living
manifestations of evolution, will be observed and evaluated throughout our whole

lives.

FURTHER CONSIDERATIONS OF PROJECT MATERIALS

Game Materials

In consideration of the materials and construction of the game boards, it is
preferable they be remade of lightweight plastic with a bottom surface which
limits movement on the table (e.g. suction cups or other type of material). This
will greatly improve the suitcase’s portability. Cups could be added in which to
place the food during the game, but it is recommended to redesign the game
boards first. The reason for this is that the smallest possible suitcase was ordered
for these supplies to keep the weight down to a reasonable level. The next size up
was about 15lbs more, and adding stacks of cups would need more space. Ideally,
the game boards could be redesigned in plastic, with a trough or moat to catch

stray food, and attached or fold out cups for each individual in the population.



7

This would conserve space and weight, solve the issue of stray food, and the cup
issue. For these reasons, a redesign of the game board is recommended.

Another possible expansion would be to include mutations in the game. This
would involve redesigning the beaks to allow for little add-on pieces (i.e.
“mutations”). Chance would play a part per generation in determining if a beak
had a mutation, and its type. It would be one more way to illustrate the

occurrence of evolution in their population.

Lab Materials

The fossil casts are not indestructible, but in principle, the lab will not need
new supplies. If | were a Biology teacher, | would absolutely love to be able to
check out a suitcase full of random fossils (if only for the purpose of simple show
and tell at the beginning of class). It is my consideration, that if there is no need
for upkeep of any of the existing materials in the suitcases, that the upkeep funds
be used to purchase new fossil casts, or even fossils, each year for the teachers in
the surround school districts. STARS could possibly set up a mini-gallery of
fossils available for teachers to check out and show their students. For instance, if
a particular teacher wanted to discuss only the convergent evolution of flight
among different vertebrate groups they could check out the Archaeopteryx, the

Pterosaur, and the ancient bat fossils. If they want to discuss the specialized teeth
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of mammals they could check out some mammalian teeth or skulls. The museum

staff could make little bags or cases to carry these items, if needed.

Video Game Development

During the spring and summer of 2009, | did concept and storyboard work in
designing an educational video game. It was abandoned, under the foresight of
my thesis committee, due to time, programming, and budget constraints.
However, from my research on educational gaming, I know this would be a
valuable asset in or out of class. | would recommend a further investigation into
forming program-enforced, and coordinated, collaborations between the
Biomedical Communications Program at UT Southwestern and the programming

department at UT Dallas. Possibly, they could pair students for joint projects.
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FIGURE 27. Concept work on video game.

RECOMMENDATIONS FOR FUTURE RESEARCH

The classroom observation was a pivotal point in my research. | encourage
the students working on the new suitcases to contact DISD teachers and observe
how the classes interact with these materials. Bibiana Mendez and her class were
invaluable in establishing the priorities of this suitcase. Also, if completed at
exactly the right time (when the teachers cover the subjects in class), the suitcases

could be evaluated in the classroom.
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There have been several complaints, made by teachers, about the size of the
suitcases. The Enzyme Instigator is too large and too heavy. Organelle
Extravaganza requires two people or two trips because it comprises two suitcases.
The Photosynthesis suitcase, is not as heavy, but | received comments, within
STARS, that it did not “look as professional” as the other suitcases (since it is an
actual suitcase and the materials move around inside). | tried to balance out these
concerns and have one smaller suitcase, like the previous two.

However, there is another overall concern with the suitcases; there is only
one of each to check out and all the schools cover the same subjects at the same
time. This was expressed a number of times at the first teacher meeting | held for
the game. In fact, one teacher mentioned jokingly, while competing for food in
the game, “Great. Now you can sit back and watch us compete for who gets to
check out your suitcase.” So, frustration has been expressed about the suitcases
not being available to all the schools at once.

I am not sure how to solve this particular problem, but | would recommend
more research into virtual labs, and virtual class activities. Perhaps, even a
“virtual suitcase” could be developed. | think an extended interactive flash
program that includes the whole class in some game or class activity with choices
would be ideal for the class room. This might eliminate the need for an actual

“suitcase.”
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As far as interaction with the Museum of Nature and Science, | would
recommend STARS looking into having our program work with the museum staff
to set up interactive displays or exhibits within the museum. The new students in
the Biomedical Communications Program at UT Southwestern already have some
experience doing this; additionally, the museum would have much more of a
vested interest in guaranteeing these projects have some grand, functional and
dramatic presentation. It could be called the STARS gallery. The teachers could
organize field trips, which according to the surveys, they like to do anyway. And

it would be available to all, during museum hours.
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Teacher Survey for Science Suitcases

Do your students have access to computers in class? 6‘2 No

Do they have access to computers and the internet gutside of class? @ No Don't know
Does your class have a Smart Board? @ No

Do your students have interactive SchoolPads? Yes ‘No

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? Yes @

Please list:

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? Yes Qé

Please list :

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? Yes No
L

What kind of labs do you conduct to teach about Evolution?
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- ™

of Evolution and Photosynthesis?i' Yes No

What kind of labs do vou conduct to teach about Evolution?

Please list: W ,,__Ht

P bt

: i foo
{i‘-f'f(—({ f‘»‘«.uk R TE SN S el B s
What kind of labs do you conduct to teqch about Photosynthesis? | !

= ’ - & el 1 ey
Please list: = -Tf (& L*** Liee £ W

Piease feel free to express your ideas about how we can make teaching the subjects of Evolution and

Photosynthesis more fun, interactive and effective: f i
pedel of  ETC.

uéf'/‘ HEN

ﬂ/\' :
Ct'*)w WEr
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Teacher Survey for Science Suitcases

Do your students have access to computers in class? Yes @

Do they have access to computers and the internet outside of class? No Don't know

Does your class have a Smart Board? No

Do your students have interactive SchoolPads? Yes @

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? Yes

Please list:

Da you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? @ No '

Please list :

Seapni

L1
Do you think visual aids, models, animations and games are an effective way to help teach the subjects

of Evolution and Photosynthesis? No

What kind of labs do you conduct to teach about Evolution?

Please list: AL

What kind of labs do you conduct to teach about Photosynthesis?

Please list:

NA-L -

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

6/% Ly e Y SN %")C./\q
A W «5’7""‘?‘;('% Fo P
Aty _




. (ves)
Xﬁo your students have interactive S5choolPads? | YE}‘ Na
ke

':ff’ —\\ What kind of labs do you conduct to teach about Evolution?

. \J._',,,\a e s | s .. \\51

o A s ‘i.). f‘!" .vl_-.nl.l. F’ lren Shydeoi ; i
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Teacher Survey for Science Suitcases i fe /r P
7‘-,1,., e

Do your students have access to computers in class? C"e})
Do they have access to computers and the internet outside of class? No Don’t know

=
Does your class have a Smart Board? Yes / 9

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? Yes Nb)

Please list:

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? es No

D 2 b . T at R I T
Please list : pfe sy Pt ALt d_r, e

{‘f‘."."'-"’ S e :

Do you think visual aids, models, animatjgns and games are an effective way to help teach the subjects 4
of Evolution and Photosynthesis?  { Yes!) No

phoe et

Pleaselist: - T'u' 5w evs oty o

What kind of labs do you conduct to teach about Photesynthesis? . )

. ) e .0 g WA e ] Sl
i Please list: L i,o0 e @i (T T .rf oL -
‘s - ERS wrannat Hag r‘l\.'_'.'.'h’-‘ ATl ah ‘3de
f: i . §oo ‘f‘\l.r..- FY -'*./.
)
Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective: 1 ! Jlﬂ"”; o
l SO ul““ '
et wed 71 veen 7
PP 3'-"\«'.‘ & ) ‘. ? -
oG wherochive sone oy 2valion %
[ ~
S . per
poetits P .\ ? 'rh‘“-u..%k‘:_/_'_ N




Teacher Survey for Science Suitcases

Do your students have access to computers in class? No

Do they have access to computers and the internet outside of class? VEJ No Don’t know

Does your class have a Smart Board? Yes (@
Do your students have interactive SchoolPads? Yes a

Do you currently use ar}k&n‘:\nf visual aids, models, animations or games to teach about
Evolution? Yes No /

Please list:

Please list :

Do you currently use any kind D{»”Hal aids, models, animations or games to teach about
Photosynthesis?

Do you think visual aids, models, animats and games are an effective way to help teach the subjects

! No

of Evolution and Photosynthesis?

What kind of labs do \mu conduct to teach about Evolution?

Please list: Of] / C;K/‘/o, 74“),__) — 45 4/‘..){( c‘ (

. Lt T L ¥
c /(,_gg,é,_;} .. Aj"f(/; S P C/J/AJJ pfu‘“}

What kind of labs do you conduct to teach about Photosynthesis?

Aonse

Please list:

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

Cos> - 7"“,“3 seq /e f/’*u'é"é*’")f
/a/zw{\ = 594/ (',Jfg7 {i{oma—d’fr{c%&«/
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Teacher Survey for Science Suitcases

Do your students have access to computers in class? Yes

Do they have access to computers and the internet outside of class? (Y_e; No Don't know
Does your class have a Smart Board? Yes @

Do your students have interactive SchoolPads? Yes @

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution?  Yes @

Please list:

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? (Ves / No

Please iist,grcu ﬂ?O-PJ ?U‘(PU; (oo

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? @ No

What kind of labs do you conduct to teach about Evolution?
Please list: ~ \/LT e [Hler Jr]l'u.‘:e. 'T‘U-’j
jclo Profosyiiiess N
Mheacte] T tecc i SHy

What kind of labs do you conduct to teach about Photosynthesis?

Please list:

Please feel free to express your ideas about how we can make teaching the subjects of Fvolution and
Photosynthesis more fun, interactive and effective:

The snuclims \ove 1aos ¢ ands on acivih es. Ay iuna-Hicd
Jﬁu) walday mmcwj Qo 10D CONVGLE Lok | \b&kw(.uj QXi’hPﬂ
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Teacher Survey for Science Suitcases

Uy
womp-1dpor
Do your students have access to computers in class? Yes No OP:\N 't o '\&()‘IUP §
(vt lap 9D

Do they have access to computers and the internet outside of class? Don't know ‘Nduild

7 ey
Does your class have a Smart Board? Yes
Do your students have interactive SchoolPads? Yes No

Do you currently use anyl{u,d_plvisual aids, models, animations or games to teach about
~
Evolution? Yes No "

Please list:  \__

Da you currently use any kin visuakgids, models, animations or games to teach about
Photosynthesis? Yes No

Please list

of Evolution and Photosynthesis?

Do you think visual aids, models, an#d games are an effective way to help teach the subjects

What kind of labs do you conduct to teach about Evolunoqjﬂ
p\ J/UQ—

Please list: B m Eﬂfl_b (6{19 ”L ~t

What kind of fabs do you conduct to teach about Photosynthesis?

Please list:

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:
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Teacher Survey for Science Suitcases

Do your students have access to computers in class? @ No
Do they have access to computers and the internet outside of class? No Don't know

Daes your class have a Smart Board? Yes

Do your students have interactive SchoolPads? Yes @

Do you currently use~any kind of visual aids, models, animations or games to teach about

Evalution?

No
Please list: LMT?‘;Z:_ Wf 9/ /%‘m(&d

Do you currently use any kind of visual aids, models, animations or games to teach about

(7és) o .
W{r&/fgu/gm”fﬁ‘/(*

Photosynthesis?

Please list

Do you think visual aids, models, animatioas and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? No

What kind of labs do you,conduct to teach about Evolution?
Please list: C}]@(_/ q ; W C}/ff‘ Sf_t__ £ 7S (e .QCQC)

What kind of labs do you conduct to teagh about Phato nthems‘r‘ ﬁ
Please list: HF&O l/g (W (G@{;g /féé)/ Ofﬁ' 6{)’

Please feel free to express your ideas about how we can make teaching the subjects of Evelution and
Photosynthesis more fun, interactive and effective:

//W&J G OHahlenes  Sowpf= bots GF S
CiA7 /ff/ﬁo& Sioes CWH Jo I35 /éf#m/f
PVl /fa'&’dé




Teacher Survey for Science Suitcases

Do your students have access to computers in class? {Yes ) Na

MY, ot adl

Do they have access to computers and the internet outside of class? L’Y_e;- No

Does your class have a Smart Board? Yes No,

Do your students have interactive SchoolPads? Yes I\ Ii(L

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? Yes (Pjo‘;

Please list: P),g(i;

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? f.'ﬁ:g‘s:. No

. ) | TRl
Please list: ozugs, f.-,:'-.'r. L adats (:a_'o-’; - fEal P

Do you think visual aids, models, animations and games are an effective way to help teach the subjects

of Evolution and Photosynthesis? < Yes . No
T

What kind of labs do you conduct to teach about Evolution?

Please list:

What kind of labs do you conduct to teach about Photosynthesis?

Please list:

L

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and

Photosynthesis more fun, interactive and effective:

0

e ] ot i i HE asa0 — WYL

N\ Minbe >
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Teacher Survey for Science Suitcases

Do your students have access to computers in class? No

=
Do they have access to computers and the internet outside of class? @ No Don’t know

Does your class have a Smart Board? Yes @

Do your students have interactive SchoolPads? Yes

Do you currently use any kind of visual aids, models, animations or games to teach about
A

i

: Sy / ot

Evolution? Yes N {bl 5! L} v Jrl"d ( \ il T {5 vy 1 ajd
Please list: g M-\ '\\f‘\{_ - E

l\t\,\g Choet Y o
1 o't VRN um Q)(u{;r G m«auﬁm! Lv

Do you currently use any kind of visual aids, mcdels ani matlnps or games to teach about
Photosynthesis? Yes Mo

Plesse st l&vibgck D hes Gnidahant alfo 1("%{
Nonn et

Do you think visual aids, models, animati and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? - Yes i No

A 5o

ycm
What kind of labs do you conduct to teach about Evolution? 1:611/ AP LL/M-'\ 3,
Please Ilst I’j“, {] ]}Wc \’\I\OHV fals o \.\ "j .
nNe vk b Lﬁqm

o "
w AP LI
What kind of labs do you conduct to teach about PthuS‘fntheslsLF_c
- N A N
Please list: ) + ) ]'_]w\‘\; ) ) P{\&“\MJ L]

. Ne) e
\ q.ile:/[“ f""‘_/" _}F\‘}

~L
Pledse feel free to express your ideas about how we can make teaching the subjects of Evalution and

?(o\\““\‘%ﬁ o ¢lodog (a

Photosynthesis more fun, interactive and ef‘fcctlue

Navds b o EALY PRC7 o nd (lean o)
DQ"‘J Lb\"(‘\rv\*" « L({;’\\A;\WH )J{'Mg/(.l-

E@L_P \)N ~nd pc—xf [_ljﬁof{ﬂxﬁi'\_/ﬁ
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Teacher Survey for Science Suitcases

Do your students have access to computers in class? Yes No
Do they have access to computers and the internet outside of class? @ No Don’t know

Does your class have a Smart Board? Yes @)
0.

TN
Do your students have interactive SchoolPads? Yes i No

Do you currently use any kind of visual aids, models, animations or games to teach about
Evolution? G_ _j No

Please list: POV (v ts /Ul o[\.m cli S

rro/bd simulahon - Thdushe!
" Nl i

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? Yes No

Please list : D:;v;;-__'-‘('i) O g / W = fou o LJ(_'-"Y',‘

/

N

-

Do you think visual aids, models, ani%ﬂnd games are an effective way to help teach the subjects
Yes No

of Evolution and Photosynthesis?

What kind of labs do you conduct to teach about Evolution? \

Please list: b\,r'd be&‘-\{‘ C‘.Of Cisd ATl Lo SGEC kN

What kind of labs do you conduct to teach about Photosynthesis?

Pleaselist:  §lari Yhoh Lty
Y

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

QLa\(A] loolcing for wiore cludLar el -y
P S

AR -_‘\.r'\.” RV
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Teacher Survey for Science Suitcases

Do your students have access to computers in class? Yes

Do they have access to computers and the internet cutside of class? No Don’t know
Daes your class have a Smart Board? Yes

Do your students have interactive SchoolPads? Yes (@

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? No

Please list: " cu
Vides seqnuuct from Pes Evolutien ymiuc-sers
Portaits of Dariwi + Mende|

Do you currently use any kind of visual aids, models, animations or games to teach about

Photosynthesis? No

Please list :

Models of plant cell amd X-sec. of chloroplast

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? No

What kind of labs do you conduct to teach about Evolution?
Please list: | . . .
Jariaties withon a speces
O verpepulahen )
Com petrHo '-'-\vrmnj -;,q:»e.mtz,s

What kind of labs do you conduct to teach about Photosynthesis?

Pleas\%gjii mound s1 des of Elodec leayes (el fm’d-?!d.rhﬁ

-sechio. of leaF sl.de - -
xgofr_ of Piomsvmm.sifi Wi leaf diccs o warker[VaNCoy

or clubsad a
Please feel free to express your ideas about how we can make teaching the subjects of Evolution and

Photosynthesis more fun, interactive and effective:




Teacher Survey for Science Suitcases

-
Do your students have access to computers in class? Yes ' No /'

P
Do they have access to computers and the internet outside of class?  * Yes./) No Don't know

Does your class have a Smart Board? Yes Na a

Do your students have interactive SchoolPads? Yes  No.

Do you currently use any kind of visual aids, models, animations or games to teach about
Evolution? yes  No |

Please list:

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? " Yes,  Ne

Please list: | o g

P S o R

47

ool

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis?  * Yes 3 No

What kind of labs do you conduct to teach about Evolution?

Please list: ’Z, . 6‘ J{ / J“ .

o
e X om h pt_

oy

What kind of labs do you conduct to teach about Photosynthesis?

Pleaselistt =, L [ g
(" ?M-u-’ S oai

7

A

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

Uoioid T 07 Aoy s frn Hopania =

¥

g Ao CFEL 4
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Teacher Survey for Science Suitcases

Do your students have access to computers in class? Yes @

Do they have access to computers and the internet cutside of class? [?@ No Don't know
Does your class have a Smart Board? Yes / "I_CD

Do your students have interactive SchoolPads? Yes @

Do you currently use any kind of visual aids, models, animations or games to teach about
Evolution? Yes (Néj

Please list:

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? Yes ﬁ?

Please list :

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? @g;ﬁ‘- No

What kind of labs do you conduct to teach about Evolution?

Please list:

What kind of labs do you conduct to teach about Photosynthesis?

Please list: 'L=,| celfue R i--J g.’;;. Jj || g b s

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

, | -
Frimodsd €D
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Teacher Survey for Science Suitcases

Do your students have access to computers in class? Yes @D

Da they have access to computers and the internet outside of class? @ No Don't know
Does your class have a Smart 8oard? Yes

Do your students have interactive SchoolPads? Yes @

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? Yes

Please list:

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? Yes Noy

Please list :

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? (Yes; No

What kind of labs do you conduct to teach about Evolution? . N . )
Please st Jpi't Jo2t ¥ Gveq 3 e b ,Uu‘iwktr— <« Gapd PL{,LZ,W@

(i S, G0 L

okt e L'_WY-L'-V;{“} :iy»(uu%e..

I
What kind of labs do you conduct to teach about Photosynthesis?
Please list: Iy 1 . _ i _ d pEe
DIRTYE o VP et Sde bstany e
Moo el Rawer prnoflamg 1iecl

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

Yoe 1t bouk




APPENDIX B
Second Survey

Survey for Science Suitcases

Are you a teacher? No

If yes, what grade and subject do you teach? Cof!asf_ - rm’,.,._] "y Sec I.ﬂ'-m%

Do you teach within the DISD? Yes @

Do your students have access to computers in class? Yes @
Do they have access to internet in class? Yes )
Does your class have a Smart Board? Yes
If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution?  Fes> No

Pleaselist: EVOLUTION Video Sewies (PBS)
HAetiv)heg ow EVOLUTION w:«tas'.kJ

Are they effective?
Yes.

What concepts about Evolution are difficult for your students to grasp [or difficult to teach)?
Thet the process s fuct, not Haeory.
Molkcular basic of evolutron,

Do you currently use any kind of visual aids, models, animations or games to teach about

Photosynthesis? No

Please list : Fo&mY m_o:.l_g.'s of chlovoplas+ W Ha ascorie

ﬁoam}' pleces 4o represent pants +mslzcules )
W Light Reachomns, Patter ek afber aw iNushah sa,

™ Campbell's
Are they effective? P BI1OLOQY +ext.

\es,
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What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?
Roh} of Varigus molicules 1w L’:j‘d ReccHibrs +
Caluvip C'jCL‘-‘SG.F-MAS v be 4o absirget.

Do you think visual aids, models, animations and games are an effective way to help teach the subjects

of Evolution and Photosynthesis? No

What kind of labs do you conduct to teach about Evolution?

Please list: \aw 1aH1 & m..'Hu,L\_ a fpecws
Compethor, w it -b@:_r.ﬂr_s (Natueg | s,

Z . le ‘
Du&rpo‘gulct*l% (Wit r_ln\mrj hmﬁ‘h‘-’(;} elech ouy )

What kind of labs do you conduct to teach about Photosynthesis?

Please list: Fas-} Plawt lab
C'MOMQ_hﬁrcbfh.(j

Have you ever used an interactive educational flash game in your class? Yes @

Was it effective (or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? No

If you could do anything to teach a subject in a class, what would you do (i.e. teaching outdoars, field
trips, using models , games, etc.)?

Freld work awnd ;»\vuﬁ‘ga‘h%

Meve mvolued laks ou e me leowlbey leyed

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:
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Survey for Science Suitcases

Are you a teacher? No
If yes, what grade and subject do you teach?
Do you teach within the DISD? Yes
Do your students have access to computers in class? No

Do they have access to internet in class?

Does your class have a Smart Board? @ Ne

If yes, how often do.you use the Smart Board as an interactive tool?
mué&muu is sl ?&lp&h \‘rul%:mch

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? Yes

Please lst: - w WTB\LW

(}\[K)%Vl% 2o B o st

\%}L e %C“—'CM—“—’P'—-{—L_
do deoretn SgiletiA—+ Mo -

What concepts about Evolution are difficult for your students to grasp {or chff cult to teach]? % M""

Cane (\A@W‘“ Ethﬁ 5243%)
og- qui%;&ﬂ ¥y

Do you currently use any kind of %ual aids, models, animations or games to teach ahout

Are they effective?

Photosynthesis? Yes

Please list :

Are they effective?
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What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?

Do you think visual aids, models, animations and games are an effective way {o help teach the subjects
of Evolution and Photosynthesis?  { ‘l"es) No

What kind of labs do you conduct to teach about Evolution?

Please list:

What kind of labs do you conduct to teach about Photosynthesis?

Please list:

Have you ever used an interactive educational flash game in your class? Yes

Was it effective (or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? No

Do you have time in your class o teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? No

If yau could do anything to teach a subject in a class, what would you do {i.e. teaching outdoors, field

trips, using models , games, etc.)?
Quidien. emdiin , Setd W| y Pt
N{eE Py l_a,L a,,\.dl rrodel (svadd ats doe eyedlea

Pleﬂge Tee to express yoar u:Ieas about how"m?%frﬁ&e teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:



Survey for Science Suitcases
Are you a teacher? @ No
If yes, what grade and subject do you teach?
Da you teach within the DISD? Yes @

Do your students have access to computers in class? No
Do they have access to internet in class? No
Does your class have a Smart Board? Yes
If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? @ No

Please list: | 4
Deda projees © 2
Pt v pdints

Are they effective?

/p.‘:

What concepts about Evolution are difficult for your students to grasp (or difficult to teach)?

éf’nel-‘t v dew 5\‘-&«.‘-’""‘-:} "‘v/-/‘*/f"*—'f(} -~

Do you currently use any kind of visual aids, models, animations or games to teach about

Photosynthesis? No

Please list : .

Rowen pont

|,v'1r"+linﬂ M/W» @,L{-‘wm-ﬂ—-

Are they effective?

\f_ﬁb
yd B
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What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?

PoT /P IE

Do you think visual aids, models, animations and games are an effective way to help teach the subjects

of Evolution and Photosynthesis? @ No

wWhat kind of labs do you conduct to teach about Evolution?

Please list:

What kind of labs do you conduct to teach about Photosynthesis?

Please list: P@pﬁ'\ Choomete fﬂ-/? Z fﬁ”"‘i

ﬂ,m*’h“’ b A /aua fﬂﬁ;ﬁ,fv)(ﬂm}} M

Pheketwaph c /7R3

Have you ever used an intersetiveetucational flash game inyour class? ~ Yes  (fl)

Was it effective (or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? XES No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond

the TEKS requirements? No

If you could do anything to teach a subject in a class, what would you do (i.e. teaching outdoors, field
trips, using models , games, etc.)?
ﬁ?‘ chin g ow Lobews,

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

103
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Survey for Science Suitcases

Are you a teacher? No

If yes, what grade and subject do you teach? 3 ENCD, TiaHTH & A i
Do you teach within the DISD?  Yes BlcHARDPS?N (.S =
Do your students have access to computers in class? @ No
Do they have access to internet in class? @ No
Does your class have a Smart Board? Yes @

If yes, how often do you use the Smart Board as an interactive tool?
Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? Fes? No
Please list:
BT VIt e§
Lt T TR AR AV D sk D

Are they effective?
REASOINAELCY So. 1'mM ALWAYE [ s s F o
MomC / el Els-1Rops

What concepts about Evolution are difficult for your students to grasp (or difficult to teach)?

NAtTUEAL ST on]

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? Yes No

Please list :
eeice  Visoos PAACTRANM G
PoNCImEaNT™  ITERETLE N AT AN LATS frr STUpials 1o levme e

STUEENT kA AT 1Ly STRUGTVRES,  (WerVoe o
= BT DY NS g

I-b FRebAm o2

Are they effective?

B azagaLy 2
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What concepts about Photosynthesis are difficult for your students to grasp {or difficult to teach)?

: ‘Df‘fm [ P e Ral N - e 2 F’Lﬂ".—'ﬁ?
e N ALL PIGMENTS AR Aria

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? < Yes) No

What kind of labs do you conduct to teach about Evolution?

Please list:
AN IITTES  MorE TWwaad LAES | ' Ve T [ PRV ETVY
AN TASWLY AccESsiB & LAB Ag,yT TS AR THATT
| e-rend Lan  WITh T Smpasswm D)

What kind of labs do you conduct to teach about Photosynthesis?

Please list:
SCE FeeNT Lo MRS PASL

Have you ever used an interactive educational flash game in your class? (Fes) Mo

Was it effective (or relevant)?

RS slAmSLY S

Are you willing to use an interactive educational game as part of your curriculum?  “Yes  No
Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? zes ) No

If you could do anything to teach a subject in a class, what would you do (i.e. teaching outdoors, field
trips, using models , games, etc.)?

ALL 27 THE EUAMPLUS LISTEp ASNE A4 SoME FoizMm

A SrURCT - A R AT PETTARAY YT (i, £ [LLUSTRATT ANS
fm AT, AR TS0 AT e
Please feel free to express your ideas about how we can make teaching the suh]?gts of Evgfutl'on and gescawsn 7

Photosynthesis more fun, interactive and effective: PAPLRE )



Survey for Science Suitcases

Are you a teacher? Yes, No
tf yes, what grade and subject do you teach? quk- P\"&%\O%
Do you teach within the DISD? Yes @

Do your students have access to computers in class? No

Do they have access to internet in class? No
Does your class have a Smart Board? Yes (2. O& “\“W_ C‘GN'P‘E’ \u‘“‘Xq
i

If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about
A

Evolution? @ No

Please fist: %D Scbmm, 1o mehel~ erms < M,
LSS | o At acure

Are they effective? (¢ W?,u\;s; 1 S coln reaGday”

What concepts about Evolution are difficult for your students to grasp (ar difficult to teach)?

Nodaxol Sedeckhon 3 &ntme of Whae Whoone

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? No

ML@SM S ST T %%'
e e~ M'—“Bb‘“i Oyannesiiong,

Are they effective?

L%;LJD
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What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?

6&3_85.1.“ C}(CQJU('\ @Mﬁo@ﬁﬂjj:&t

Do you think visual aids, models, animatiaas and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? Q No

What kind of labs do you conduct to teach about Evolution?

107

Please list: F’C}r‘&\\ \c,_b \ QQW‘\O-R}@%,/ MUIQ %@Q&U\'

Lo&o\ @eﬂ)u@ e %mwhko\ on
What kind of labs do you conduct to teach about Photosynthesis?

Please list:
Have you ever used an interactive educational flash game in your class? Yes

Was it effective (or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? No

Do you have time in your class to teachrqaterial about Evolution and Photosynthesis that goes beygnd
the TEKS requirements?  Yes @ \co \O'*ﬁl L(S \m%
If you could do anything te teach a subject in a class, what would you do (i.e. teaching Sutdoors, field

trips, using models , games, etc.)? %| Y‘,M% M ‘\1—\
Lo PR (- recp\or) ! i

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

¥ Come e Uhe et imprtont
o cah sludicks

Tort Rackors, £ fects of Prdesinesss |
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Survey for Science Suitcases 9’79) = 93 '/'. g’ fgq‘
Are you a teacher? Yes No ﬁ)[ /D &r (30 C/EJL Ui ?l })
' mes L ma

94 nip -
If yes, what grade and subject do you teach? Q{h - }0 /C 74—P & 0@% U/épﬁf

Do you teach within the DISD? Yes
Do your students have access to computers in class? No LUO(‘ K

Do they have access to internet In class? N(; L/éC?‘ 5Q 3@ / ,_J)

Does your class have a Smart Board? @ No

If yes, how often do you use the Smart Board as an interactive tool? OT?CE_. C? M%%]

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? No
Please lst: y;dc‘o) @//@/@S)?QMCS'
manipolakes, games, animations y )
Are they effective? C?‘/[C C?f / f‘ )Z
e / (9&/7
yf.S .

What cencepts about Evolution are difficult for your students to grasp {or difficult to teach)?

natural seletion
theories

Do you currently use any kind of visual aids, models, animations or games to teach about

Photosynthesis? @ No

Please list : mOn’. (,de?d}vﬁ_')—
e/s
Are they effective?

ves/
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What concepts about Photosynthesis are difficult for your students to grasp {or difficult to teach )?

Calvin cycle ! /0/507105'}/5/5’/0_/,7&
chemistry part 7

Do you think visual aids, models, animatigns and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? No

What kind of labs do you conduct to teach about Evolution?

Please list: A@C/)COP#C/‘)’X ZQA (FOS\W—O

What kind of labs do you conduct to teach about Photosynthesis?

v Lffcfs OF P})OfOJ}m?‘/)CS/S’

Have you ever used an interactive educational flash game in your class? Yes

Was it effective {or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? Yes

Do you have time in your class to teac! rial about Evolution and Photosvnthesls that gnes beynnd
the TEKS requirements? Yes a WC Q[ﬁ USE |l ; ﬁ%
If you could do anything to teach a subjezt‘. Qaq“s, what wuu you do (I aching outdoors, field
?
trips, using models , games, etc.}? )/?L}) //'}_ éUé w/?O_f w_C
Qo

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

)/C’S' / /‘{ang/o‘n) /Qés'

fon ackurie s
mark.,, /'t recr/ 1o r
Hary

Y
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Survey for Science Suitcases

Are you a teacher?

If yes, what grade and subject do you teach? {pﬂ‘ 3 rad.l Saence [ - g 3%6;:3?-: )
Do you teach within the DISD? Yes
Do your students have access to computers in class? No

Do they have access to internet in class? No
Does your class have a Smart Board? Yes

If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution?  Yes Eveluhon net |‘yl. oy i ad un 5*%anda:’ci.s’

‘E’J“fgmd,:- ysed SnC-m‘Hn SeEMinay

Please list:
Are they effective?

What concepts about Evolution are difficult for your §tudent5 to grasp (or difficult to teach)?

shidud are move familiar with the arzdimdisan

1dias / heowus  beoause of r‘elijsus hmg—;%tgvm)

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? ‘ No

Please list :

Ponorr Boink
Cells alive websit has PLw{’r::éﬂmHusis

Are they effective? .
Y l 1FL K;
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What concepts about Photasynthesis are difficult for your students to grasp {or difficult to teach)?

%— Chimtfi?’f) chatwv

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? No

What kind of labs do you conduct to teach about Evolution?

Please list: Mm ZC" ‘IjreSQLj:

What kind of labs do you conduct to teach about Photosynthesis?

Pleaselist: (5 ml.c,raSc'sPes-b Ve Elodea Plasnk LRP
\Jm C}j'\‘AP\aSM.Lc S‘h’cammo-i a*rjam“ff

Have you ever used an interactive educational flash game in your class? Yes

Was it effective {or relevant)? \,& 2

#Se e-1nsiruchon

Are you willing to use an interactive educational game as part of your curriculum? No

Do you have time in your clas@aach material about Evolution and Photosynthesis that goes beyond
Yes

the TEKS requirements? No

If you could do anything to teach a subject in a class, what would you do (i.e. teaching outdoors, field

trips, using models , games, etc.}?
Pl
N~

/

Please feel free to express your ideas about how we can make teaching the subjects n"_ Evclutio;{and
Photasynthesis more fun, interactive and effective:

(NEW Scence )
- ,reiab LextbooKs are o hofd wmhng
for Hhe boavd Yo decids

o Hhe Gnalution !
- Rogarddess of cpyrney b, ii'{cachmq Evulujnmn
+ creatimzlism 1S up to the h%canhq professimalism of fhe
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Survey for Science Suitcases

Are you a teacher? No

If yes, what grade and subject do you teach?

Do you teach within the DISD? Yes
Do your students have access to computers in class? No

Do they have access to internet in class? No

Does your class have a Smart Board? Yes @ T M onl ,'ﬂ‘ f—p j‘gf’ OhE |

If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual alds, models, animations or games to teach about

Evolution? No

Please list: V;M W{A M!‘A L
tnodel ZG/;@- natural Selecten = reld L &
Sichkle ctll anemen v
Are they ffectve? ¢, howewsy, see misconcpfun lewd -

What concepts about Evolution are difficult for your students to grasp (or difficult to teach)?

Heologicak +ime - how long Larth his been fere
Variatons exist- mistoneption #hat ofganisms Change 7o
environment .

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? No

Please list : ,Lh.i?g )}Jaa’ﬁ,’/@iw 0/£ (’é/éf?,ﬂ/“?‘
Visuall - PP on /:{‘;ﬁ réactare

Are they effective? %w
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What concepts about Photosynthesis are difficult for your students to grasp {or difficult to teach)?

(4l C?oﬁz - % Len reduced Sv much fhat
Undter's tindong o Tot Fery mdep
Do you think visual aids, models, animations and games are an effective way ta help teach the subjects
of Evolution and Photosynthesis? Yes No

What kind of labs do you conduct to teach about Evolution?

- 5% Clooryed
Please list: ’(M ﬂm"‘(fe M”HMMMW 'd 'Ff""‘“‘r

What kind of labs do you conduct to teach about Photosynthesis?

Keaf lak- Crossectrn

Pl list:

case ™ é'famm Zﬁé" , .

Have you ever used an interactive educational flash game in your class? Yes

Was it effective {or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? @ No

If you could do anything to teach a subject in a class, what would you do (j.e. teaching outdoors, field
trips, using models, games, etc.)?

T wndd @ angpsf He abore.

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Phatosynthesis more fun, interactive and effective:

ﬁ#—xw codact me ot AY-339-Y667 Pty o
HPHS G 73us

A%MWMA%&W
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Survey for Science Suitcases
)
Are you a teacher? Yes No

If yes, what grade and subject do you teach? 7*13,’.,‘(( e \.Sz/a»-u., W&r—)‘#
Do you teach within the DISD?  Yes @
Do your students have access ta computers in class? Yes _@g?

Do they have access to internet in class? Yes No /

Does your class have a Smart Board? Yes @
If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? ( Ye; / No

Please list: /%Té—a}" S / ﬂm\ 5,‘,,‘_‘,___
Virhet /ot

Are they effective? y< 5

What concepts about Evolution are difficult for your students to grasp (or difficult to teach)?

C%"o/u#nr\ 'Es Gt tadr o pas e

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? (‘Fes " No

Please list : OU f_//‘f-zwlg
Virhel [co

Are they effective? St ke |




What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?

7217 ,5;,[.4&—\ k. Cartin. diom B TR
S

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? @ No

What kind of labs do you conduct to teach about Evolution?

Please list:

What kind of labs do you conduct to teach about Photosynthesis?

Please list afea. 3 lygiT Al Aocke

Have you ever used an interactive educational flash game in your class? Yes (No

Was it effective {or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? @ No

If you could do anything to teach a subject in a class, what would you do {i.e. teaching outdooars, field
trips, using models , games, etc.)?

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis mare fun, interactive and effective:

115
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Survey for Science Suitcases
Are you a teacher? .‘?53) No
If yes, what grade and subject do you teach? (f% = B "’0;{{7’5
Do you teach within the DISD?  (Yes)  No
Do your students have access to computers in class? Yes @
Do they have access to internet in class? Yes @
Does your class have a Smart Board? @ No

If yes, how often do you use the Smart Board as an interactive tool? .&.f{? pﬂzj,

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution?  Yes @

Please list:
Are they effective?

What concepts about Evolution are difficult for your students to grasp {or difficult to teach)?
frtry ey — g A L i L Ane
7‘7" szl-e.ﬁ A - "/waf f_::yé—"—rg“—c(_ 7%8. {.-b'\a()yvr Al
St Flepns ’

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? ‘ No

Please list : Mﬂ\ a_»'f’""'b‘ﬂf )cﬁlw Dt ]pﬂ/
L ; : v .,—\[{Pﬁ Al G
lg/ c?},Jj'] webtfe, > Andand 7 7

J
Are they effective?

‘1(,4/
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What concepts about Photosynthesis are difficult for your students to grasp {or difficult to teach)?

v Cocle
de o jéz

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? @ No

What kind of labs do you conduct to teach about Evolution?

Please list: N(h-u;"_,

What kind of labs do you conduct to teach about Photosynthesis?

Please list: /U"»'_‘\L'

Have you ever used an interactive educational flash game in your class? Yes @)

Was it effective (or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? No

Do you have time in your class tg teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? No

If you could do anything to teach a subject in a class, what would you do {i.e. teaching outdoors, field
trips, using models, games, etc.}?

A e e

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

St fdkondy —gv el pm 7(121/
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Survey for Science Suitcases

Are you a teacher? Yes

{,—\ ; & &‘/ 4 (.
If yes, what grade and subject do you teach? 75 Of a B3
Do you teach within the DISD? ( Yes\ No - l(ftu o % 2

Do your students have access to computers in class? @
Do they have access to internet in class? \Es) No
N

Does your class have a Smart Board? @ No
c‘ ’}/0! fi’?cm

? -
If yes, how often do You use the Smart Board as an interactive tool? . ) bu—‘- j’_ ‘lr, 1, 2

c*f
Do you currently /jrw kind of visual aids, models, animations or games to teach about &.9

Evolution? iYes \- No [g})J( j', (/(/O!JH L_'D_\J_E:_ Wé)

Please list: — M
(Wd—/, - '\‘ \ '[F {.“ -;‘:1 (:D[-“g uS f.n"—'l \0(704-’\ _$)J -
' e -Je‘,:ma.-

Are they effective? \)Sucl_o‘&/lzl j (}aw ‘-Ljdad L/'E'fﬁr‘:'ja’f;-". .

S
_‘v ‘}Whatoum:eptsaboutEvolutionared1ﬂ”cu’rtfnrynurstudentstoarasp {or difficult to teach)? i J,»!
“NMJ N The t;_)\/\.b‘\-f Lk C[ ci M;_ = - P b:),i Ceptem
NN
~F \[‘ i - P o '.’ _,‘. f'_zp 3"/-/
w0 " f
\‘Q‘ %M qs&wc\ Vot o D F' \-U.Jf

. | ;LD"f
4 o L “lrcegs leve!
\? Uﬂd"/{’)’l«_’j"/lc! 'L[ e EU('J] e L\-ﬂa éu{“’ ArUtAr_mr ( JI{’L-‘U’

¥ _9, Do you currently use any kind of j_gua[ ai § Jmodels, animations or games to teach about
‘:\\\t‘b N J, Photosynthesis? k

w . Loy
Pleaselist: O™ QD_'L !

e

-

\“i“

%f’,

. g . - Jhaa AY . g ¥
. 0 Sopthg
Are they effective? Lo [d O TonE \
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What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?

P cyctes (eop o X n Lot ol |

Da you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? Yeﬂ/ No

What kind of labs do you conduct to teach about Evolution?

Please list: [ \os+Hy \3;’5‘{' OﬁM Qw@uw &

What kind of labs do you conduct to teach about Photosynthesis? S_m(
) ' ! ~ N _
Please list: aﬂpdﬂa ;';:,-\ A &'4;;/3 |C L) ;‘-{—‘{r‘p 11—11_ U+ %a)(,{ u]- -
Ao <ce [/;LL;)LD leo B{) 02 a).‘u.:'r- e z& )

Have you ever used an interactive educational flash game in your class? f\‘res > No

Was it effective (or relevant]? \f,g/) - A ﬁw ¢z ﬁ éldg I (ﬁqvﬂ
o hews -

Are you willing to use an interactive educational game as part of your curriculum? es\ No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
T
the TEKS requirements? Yes No
S

If you could do anything to teach a subject in a class, what would you do {i.e. teaching outdoors, field
trips, using models , games, etc.)? . . 'y _‘_\ﬂ .
. ; Chn
at M a\oove - Q/vwrw\“"‘x A WL/

Please feel free to express your ideas about how we can make teaching the subjects of Evelution and
Photosynthesis more fun, interactive and effective:
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Survey for Science Suitcases
Are you a teacher? Q@ No
If yes, what grade and subject do you teach?
Do you teach within the DISD? Yes; No
Do your students have access to computers in class? No
Do they have access to internet in class? (L@ No
Does your class have a Smart Board? Yes @

If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about
Evolution? Yes

Please list:
Are they effective?

What concepts about Evolution are difficult for your students to grasp (or difficult to teach)?
ﬂa*}—uro( selechon

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? @ No

Please list :

mgual ade ,Q,( {‘J/llnt'aflnfn f QFt’J'mn ‘H'@f'('fm'" (LD"IK"

Are they effective?
VC(;{ somr Sday lii‘




What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?
OX\}jéf\ Fl'oduckon devves mu i zj +hed so f\-f'i'/ fe) Ao
unde csdand < >

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? C@ No

What kind of labs do you conduct to teach about Evolution?

Please list: Nenst

What kind of labs do you conduct to teach about Photosynthesis?

Please list: O?"{ﬂéﬂ Pl"GJJ,‘rL,.(_‘—.‘-\- \)u/ Q,()(ﬁ.ﬂa._.-

Have you ever used an interactive educational flash game in your class? Yes @

Was it effective (or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? @ No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? Yes No ﬁ;.:.- S an Hee Yp‘n «

If you couid do anything to teach a subject in a class, what would you do {i.e. teaching autdoors, field

trips, using models , games, ete.}? M_o&i}‘z p gg,;_; L

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

121
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ué,.ﬂdnﬁt'm ra
yvumt&dwgo

Survey for Science Suitcases

Are you a teacher? No

1
if yes, what grade and subject do you teach? 60P\\‘ Coﬂ{%& micre \olc:‘lloj

j, L
@ W,I-PFLﬂg.a{oeij

Do your students have access to computers in class? Yes @

Do you teach within the DISD? Yes

Do they have access to internet in class? @ No
Does your class have a Smart Board? Yes @
If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? Yes

Please list:
Are they effective?

What concepts about Evolution are difficult for your students to grasp (or difficult to teach)?

o panily earh porlekie

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? Yes @

Please list :

Are they effective?



What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? No

What kind of labs do you conduct to teach about Evolution?
Please list:
What kind of labs do you conduct to teach about Photosynthesis?
Please list:
Have you ever used an interactive educational flash game in your class? Yes (@

Was it effective {or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? @ No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? Yes No fUIPf

If you could do anything to teach a subject in a class, what would you do (i.e. teaching outdoors, field
trips, using modeis , games, etc.)?

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

123



Survey for Science Suitcases

Are you a teacher? No 7
If yes, what grade and subject do you Ieach?q "l'” / , ( Jr” 5% V ¢ ﬁ%ﬂ{% faﬁ/V

Do you teach within the DISD? Yes

Do your students have access to computers in class? No

Do they have access to internet in class? Yes No
Does your class have a Smart Board? Yes
If yes, how often do you use the Smart Board as an interactive tool? Nﬁ

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? No

Please st |||y (QLO (,hﬁlﬂ,g

Are they effective? M k\mﬂsﬁ - hf‘t Wﬂlﬂk ..

What concepts about Evolution are difficult for your students to grasp (or difficult ta teach)?
tocalmlinsy. oo
QA Vi

Do you currently use any kind of | aids, models, animations or games to teach about

Photosynthesis? Yes

Please list :

Are they effective?

124
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Txt(g?ncepts about Photosynthesis are difficult for your students to grasp |or difficult to teach)?

X Lhe c(bﬁ‘&t\(ﬁ’k H\W\ Aoyl the (optdCtian
ekt AV ward ¢ o {ormuiad...

f

X2

e ¥
5

/Th

% Do you think visual aids, models, animat#&Ryand games are an effective way to help teach the subjects
= i of Evolution and Photosynthesis? e No

What kind of labs do you conduct to teach abaut Evalution?

Please nst:p(ﬁﬁmgh( m&ﬂw ‘fﬁﬁ

&

What kind of labs do you conduct to teach about Photosynthesis?

Please list:

Have you ever used an interactive educational flash game in your class? Yes

Was it effective (or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? No

Do you have time in your clas?
.
the TEKS reqUitements?

p-teach material about Evolution and Phomsvmhems that goes hevond

We by, vt Hong I jave/ tino§
ﬁs;)m tgiwlnm art [Ust aerd

If you could do anything to teach a subject in a class, what would you do (i.e. teaching outdoors, field

TSR v i draat =7 ey S gty fhom 9“@“9‘0{ ‘

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:
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Survey for Science Suitcases

Are you a teacher? Yes No

- 1740
If yes, what grade and subject do you teach? ﬁ‘ ‘Zi ‘Zfﬂ"

Do you teach within the DISD? Yes @

Do your students have access to computers in class? Yes @cﬁ\ On \ L( l (V) rbf)ﬂ/}

Do they have access to internet in class? Yes No
Does your class have a Smart Board? Yes [ No}
If yes, how often do you use the Smart Board as an interactive tool? —

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? @E} No

Please list: d,‘x’ anvs O‘F @\/(dbﬂw ‘-—‘?055”‘3} @m!a s,
hma{aﬁgﬂs structues
Are they effective?

Somiehme s

What concepts about Evolution are difficult for your students to grasp {or difficult to teach)?

thekXis a very small Scale & Slow/
4 rocess )
A} R
oesn+ Yapeen in one %@nwa%m
Do you currently use any kind of visual aids, rr(m?els, animations O?Eg\:’mes tL teach about

Photosynthesis? Yes @‘)

Please list :

Are they effective?
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What concepts about Photosynthesis are difficult for your students to grasp (er difficult to teach)?

+he idea ot iam‘% can actvally make thei~
own Fvod W st Hze, €052 50n

kzg Jm-‘- uz/m-s'}v \é-&f' )
Do you think visual aids, models, animatlons and es are an effectwe way to help teach the subjects

of Evolution and Photosynthesis? Yes>

What kind of labs do you conduct to teach about Evolution?

Please list: CQMO‘PIG%&A animals survive ¢ rﬂfﬁ’)a{uté/ (Umﬁ&%

(“t tickers

What kind of Jabs do you conduct to teach about Photosynthesis?

Pieaselist' Mini \abs (/Jqu one \“t@fC’(‘ﬂl’ﬁ" M[‘S’Jpl;"?—QQfg,’?

Wil Hime (snmno s, aseline on leat s
Nao CO’Z)‘

Have you ever used an interactive educational flash game in your class? Yes @ Q'h

Was it effective (or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? Yes

If you could do anything to teach a subject in a class, what would you do {i.e. teaching outdoors, field

trips, using models , games, etc.)? % OJ{_U{ 619(?_; ) N3 "M ag(_@ {5 f% <

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:
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Survey for Sclence Suitcases

Are you a teacher? _&"fe§) No
If yes, what grade and subject do you teach? ? — / 2

Do you teach within the DISD? Yes No

-

Do your students have access to computers in class? @? No
Do they have access to internet in class? @ No
Does your class have a Smart Board? Yes &3
If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about

Evolution? —@ No

Please list: /:; ~p /@/ﬁ/ f

Are they effective?

What concepts about Evolution are difficult for your students to grasp (or difficult to teach)?

Do you currently use any kind of visual aids, models, animations or games to teach about
Photosynthesis? @ No

Please list : /ﬂj M? /&é"/,:{f

Are they effective?



What concepts about Photosynthesis are difficult for your students to grasp (or difficult to teach)?

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? ‘ No

What kind of labs do you conduct to teach about Evolution?

Please list:

What kind of labs do you conduct to teach about Photosynthesis?

Please list:

Have you ever used an interactive educational flash game in your class? Yes

Was it effective {or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? @ No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? Yes @

If you could do anything to teach a subject in a class, what would you do (i.e. teaching outdoors, field
trips, using models , games, etc.}?

FEZe Trey

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:

129



130

Survey for Science Suitcases
—
Are you a teacher? {\._ Ye:s./ No
If yes, what grade and subject do you teach? 7, |« b 3)-1
Do you teach within the DISD?  Yes (Mo )

Da your students have access to computers in class? ({ej:’ No
Do they have access to internet in class? (fey No
Does your class have a Smart Board? Yes ('No:;‘
.
If yes, how often do you use the Smart Board as an interactive tool?

Do you currently use any kind of visual aids, models, animations or games to teach about
Na™,

Evolution? Yes “Noj

Please list:
Are they effective?

What concepts about Evolution are difficult for your students to grasp {or difficult to teach)?

T“'\t‘"& L_lu WO T weead 4o i-hrrl\—-fc \,-1:_',..(_ g K ium gpCS h

. . ) - a P ce T A furm et
Saeme {_"u(r& wand 1o P d e th  Creeren |
aha n .1.“,? 1._.{,\.«.:3 S e may . : . e
'FHIM} cencepte s E‘n‘-_)‘(,;.:ﬁ“.; . h 'r"dldﬁ“"“th\'(-w—\l \-{ ceprret ‘,.fi—L.' t+ te teas
Do you currently use any kind of visual aids, models, animations or games to teach about

\

Photosynthesis? Yes) No
Pleaselist: uniteicirecm iru_g v e s

Fes Vvan g o ud Perey Leds

Are they effective?
Meire than | ¢ g
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What concepts about Photosynthesis are difficult for your students to grasp {or difficult to teach)?

m CT)L,Le,_if\:uu-

Do you think visual aids, models, animations and games are an effective way to help teach the subjects
of Evolution and Photosynthesis? @ No

What kind of |labs do you conduct to teach about Evolution?

Please list:

Pt

s crnadugoac 4 hc-w.load'\(

What kind of labs do you conduct to teach about Photosynthesis?

Please list:

Colored Light L&k i<

Gond #10m &

Have you ever used an interactive educational flash game in your class? Yes No

Was it effective (or relevant)?

Are you willing to use an interactive educational game as part of your curriculum? @ No

Do you have time in your class to teach material about Evolution and Photosynthesis that goes beyond
the TEKS requirements? Yes @

If you could do anything to teach a subject in a class, what would you do (i.e. teaching outdoors, field

trips, using models , games, ete.}?

gl % vhe ohoc ¢

Please feel free to express your ideas about how we can make teaching the subjects of Evolution and
Photosynthesis more fun, interactive and effective:
L"C)( TGL’S— mere Time Cos Leb <
hw{ g M“ﬂj“'J'L hquJ
C"}“ G, et L l,-\ E/L'P



APPENDIX C

Pre Animatic Storyboard

3 million - 100 million species

3 million - 100 million species

[

Viruses?? We still haven't decided If they are
within the confi

of life. They have their own

Scientists have discovered about 2 million living

species, but their for the total number

S0, where did all these species come from?

They didn't just pop into out of no-

entire taxonomic system!

of species living on Earth range anywhere from

where, at least we've never seen that happen.

3million-100 million.

9%

Parent Child

Evolution is the change in the genetic
material [DNA] of a population of organisms
from one generation to the next

This is what we DO know: DNA is a shared trait
of alllife and DNA mutates.

In fact, within a population, we know that DNA

132

Interestingly enough, this is the very definition

of evolution:

tis, change in the genetic ma-_
terial (DNA) of a population of organisms from

one generation to the next.
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Chond AL Ognel  Avgadien Reptie  Meel Primee

ufggw

comparative embryolagy and all the homologles, or shared traits, be-
tween organi
(fantamorph or blend shape) [ ]
L ]

Of course, this can take th

Is the cause for all the variation of life

In fact, the class wouldn't even exist. There

millions, of years in a process called speciation.

on Earth. Without it there would be no reason

wouldn't be chairs, or desks, or walls. This very

for you to have Biology class. Biology would be

meaningless.

animation would cease to be... along with my

fading voice because...

THIS IS AFACT.

is the change in the ge
material (DNA) of a population of organisms.
fram one generation to the next

This s afact. There s no scientific debate on

whether or not evolution exists. It does exist:

We also know why evolution doesn’t expand

in all directions; the envi-

from ti

ina

More on that later... But, does evolution cause_

new species to arise from older species?

~genetic change in a poy

g

selects only for certain

to generation does occur.

process called natural selection.

This is what we know...

‘Again, this is what we do know:

The fossil record

DNA and protein analysis
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you would not exist, either.



Where did we get this idea of Evolution?

So, where did we get this idea of Evolution?

OK, Charles Darwin,
But where did he get the idea of Evolution?

So, Charles Darwin gave us an explanation for

how evolution works, but where did HE get the

idea?

Well, you're standing on it.

(to see the quality | have in mind for this image

see attached jpeq)

The Earth's surface Is composed of layers of
rock.

‘Which is the oldest layer?

Now, if you had to quess, which layer do you
think would be the oldest layer of rock?

It's the layer on the bottom.

It's like a sand bottle, in which you pour one

Then you add another color of sand, which

color of sand that settles to the bottom.

settles on top of the first color.

In general, this is how the Earth's surface is ar-
ranged, with older layers on the bottom, and

newer layers on top.

The data which supports this concept is gath-
ered using a technology called radiometri

radicactive atom
SBBE

J decay
particle @

If they take a sample of rock from one of these

layers

there will be atoms in that sample, which have
been ing particles over time. This Is called

dating (radioactive carbon dating is one such
technique).

decay, Scientists can measure these radioactive
atoms and deduce the age of the rock sample.



Radiometric Dating
- the Earth is 4.5 billion years old
- Oldest layers on bottom
- Newest layers on top

dating has shown that the Earth is

And just like the rocks in the Earth's surface, fos-

In the oldest rocks on the bottom, we find only

about 4 ¥ billion years old, and ing I, the

sils are arranged in c ding layers.

the life forms without a head.

oldest layers are on the bottom, with the

younger layers on top.

l

On top of that we find everything with a head,

~p W&

on top of that we find everything with a head,
jaws, and paired apendages,

on top of that we find everything with a head,
jaws, and paired apendages that walk on land,

on top of that we find everything with a head,

and on top of that we find everything with a

Jjaws, paired apendages that walk on land, and

head, jaws, paired apendages that walk on land

mind that these ancestral species split into mil-

with 2 legs, hair, and a well developed brain,

lions of other li which evolved into all

the species alive today.

‘-ﬂi‘f i

So, we are not “more

d” than other living
species. Just like us, they have been evolving

and they are equally adapted to their respective
i Instead, think of these other

for a very long time _

Mow, tectonic shifts (think massive earthquakes,
volcanic eruptions, continental drift) havein__
specific areas, disrupted the layers, but geolo-
gists can still discern the pattern of rocks

136



and, remember, they can use radiometric This is how scientists are able to create vastand  For instance, if they are searching for dinosaur

dating to confirm the identity of the layer. intricate geological maps, which evolutionary fossils they will know in which layer to look.

biologists can then use to find certain fossils.

However, if they were looking for human fossils Rather, they would know to look in newer rocks In a sense, the entire fiald of Evolution is like a
they wouldn't find any in this layer because the  to find human fossils. glant jigsaw puzzle. We've put enough pieces
rocks are too old and humans hadn't evolved together to know it's there, but there are many
yet. pieces that have yet to be found.

Let’s say we have a population of microscopic When we look more closely at their trait for sur- So let's discuss the different types. One hasa

organi: and they are multicellular, face area to veolume ratio, we discover that low surface area to volume ratio.

there are 3 different types, or 3 different "phe-

In other words, the outer surface is about as for this velume. The type beside it has the same volume, but be-

small as it can get cause the outer surface has expanded, and

folded in a little bit, it has
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more surface area. Therefore it has more sur- per volume. The last one, with a deep invagination, has the

face area most surface area per volume, and therefore

the largest surface area to volume ratio.

'Zhlglyliqht SA/V like in previous 2)

Have you ever left a ball out in your yard just a it deflates a little bit, such that the outer surface Now, since a soccer ball is not a living thing, and
little too long? Let's say you leave out a soccer pinches in some. Or, we could say that it cre- doesn't carry genes that can expand its surface
ball, and over time ates an “invagination®, area during development, what do you think

changes over time in the soccer ball?

It's volume changes; it decreases, right? And Itincreases the surface area to volume ratio. (move and fade in)
thinking about simple division, this does what

to the surface area to volume ratio?

snetic V on n of Phenoty in Population

y of traits in a population.

And because our population has this “diversity” Unless your class has identical twins, probably This variation can be plotted on a distribution
of traits, we say it has genetic variation, Look not. So the population of your classroom has curve, so we can see that most of our popula-
around your classroom, it's a population. Does genetic variation, just like this one. tion has an average 5A/V ratio,

anyone look exactly the same?
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Distributio

But few individuals have a very low or a very high SA/V ratio.

So, now that we've analyzed our 3 phenotypes Choose an environment. You can release food, The food is a positive, life-sustaining environ-
for this trait, and placed them on a distribution biotoxin, both food and biotoxin at the same mental factor for our population.
curve, let's see what happens with selective time, or a predatort.

pressures from an environment.

and the most reproc

type in this er

(these will be the actual phenotypes, ignore the Which type seems to be the most well adapted the volume is the same as the other 2 types, it

small one for now) to getting food? {pause) The one with the high- only needs the same amount that they de. So,
est SA/V ratio will have a higher chance of get- which type would likely be the most successful
ting food because of its larger SA, and since in reproducing offspring in this environment?

Distribution of Phenotypes in Population Distribution of P Y n Population

Yes, the type that is most adapted to getting Now what do you think will happen to our disri- It shifts more towards the individuals with the
food will have a better chance of living long bution curve in the next generation? highest surface area to volume ratio because
enough and having the energy to reproduce they were the best at getting food, and there-

more, and more successfully fore could reproduce maore.
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Distributio

This is a kind of natural selection is called direc- The biotoxin is a harmful molecule produced by
tional selection. In this case the “direction” is to- another organism in this environment. If an in-
wards the phenotype with the highest SA/V dividual in our population gets too much bio-
ratio. toxin, it will die.

So, what organism is most susceptible to the The one with the highest surface area to
biotoxin? volume ratio will likely be most affected by the
biotoxin. But which one will be the most repro-

ductively successful?

Since they all have the same volume, the bio- Therefore, in this environment, it is more likely 50, what happens to our distribution curve in
toxin is equally harmful to all types, but since to survive to reproduce, So, in the next genera-  the next generation?

the one with the lowest SA to volume ratio re- tion there will be more individuals with a lower

ceives less, it is safest from the biotoxin. SA/V ratio,

Distribution ibution of Phenotypes in Population

It shifts towards the individuals with the lowest This kind of natural selection is called direction-
SA/V ratio to reflect that there are more of them al selection, In this case the “direction” is to-

being reproduced in this environment. wards the type with the lowest SA/V ratio.



Releasing both the food and biotoxin, a positive S0, what type is the most adaptive to this envi-
and negative stimulus, respectively, at the same ronment? It's hard to say, and in real life there
time, will create a more complex environment. are often an incredible number of environmen-

tal factors, each balancing the benefits and

Distribution of Phenotypes in Population

costs of an individual's traits, but perhaps we in this envirenment, we find it to be the most But what do you think will happen to our distri-
find that the type with the average SA/V ratio reproductively successful. bution curve in the next generation?
gets just enough food and avoids the biotoxin

Just enough to survive, so that

In this environment our distribution curve will This type of natural selection is called Stabiliz-
be reduced on both sides, showing that in the ing Selection. Think of this as selecting for the
next generation our population will have even maost "stabile” or "balanced” set of traits, in be-
more individuals with an average SA/V ratio. tween the 2 extremes.

The predator is a hydra that has adapted to feed ~ While the hydra can devour any of the pheno-

on our population, types, it is specifically adapted to eat the most
numerable phenotype, which are the ones with

the average SA/V ratio.
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Distribution of Phenotype ulation

And what do you suppose might happen to our

distribution curve in the next generation?

continue —»

They reproduce, and with each generation,

random mutations in DNA cause little develop-
mental changes in the offspring that set them

slightly apart from their parents.

5o, which phenotype will show the least repro-

ductive success in this environment?

Distributio 'opulation

Well, the individuals with an average SA/V ratio
will decrease and the 2 phenotypes at the ex-
tremes will reproduce more. So, our curve

would look something like this,

Now we've seen how different environments
can select for different individuals in a popula-
tion. But what happens if a population splits

into 2 by occupying different environments?

Because the two groups are now in different en-

vironments, they have different selective pres-
sures, As you have seen, these pressures select

different individuals. Then those reproduce,

The one in the middle right? Because that's the

type the predator is most adapted to eat.

istribution of Phenotypes in Poy

This is a kind of natural selection called disrup-
tive selection. 5o, the predator apparently “dis-
rupted” our nice singular curve into 2 smaller

curves,

Let's say one group gets carried off by water
currents, so that they are now geographically

isolated from the other group.

and over millions of years of random mutation

and natural selection,
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many species can evolve from what started as In this way, evolution is sort of like a fireworks ‘When it reproduces, it’s like an explosion of

one population of organisms. display. In fact, it's like one very long, messed DNA with little randem mutations in all direc-
up firework. Let's call our rocket here, the first tions. This would be the 2nd generation. But
generation. the wind has picked up, and there's a little

malsture in the air, so some of the embers dif- which has different shapes and colors that set it In our lineage, one of these populations
fuse and fade away. That's just natural selec- apart from the preceding generation. Thatis
tion, However, some of them create new explo- what evolution is like: one big. continuous, out

sions of DNA, resulting in the 3rd generation, of control, fireworks display,

of little multicellular, microscopic organisms, And what does a gut do in terms of surfacearea  Well a gut can catch and hold even more food,
gradually formed a gut. to volume ratio? right? So, we can say that it increases the SA/V

ratio to maximize the absorption of nutrients.

Over millions of years, one of these populations So, let’s see the human gut in comparison to Well, aside from more specialized digestion, it
of multicellular arganisms with a gut, evolved this worm gut. Now, why do you think our di- REALLY Increases the SA/V ratio, right?! It really
inte little worms, with longer guts. gestive tract has all those twists and turns and increases the amount of nutrients you can get

loops and compartments? from food.
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But that's not the only way your gut has On the tissue level, it has all these all these little Well, these would increase absorption by in-
evolved to increase SA/V ratio. bumps and folds. So, what do you think is the creasing SA/V ratio., right? If we zoom in, we see
function of these little bumps and folds? smaller bumps and folds, and this also increases

absorption by increasing SA/V ratio.

In fact, each individual cell on your digesti tennis court. But evolution of SA/V ratio is not connectivity, or some other function. Again,
surface, also has even smaller bumps and folds, limited to your digestive tract. Many of the tis- think of this as evolution’s way of selecting for
which also increase SA/V ratio! The surface area sues in your body have evolved to increase more and more surface crammed into a limited
of your digestive tract is about the size of a SA/V ratio to increase absorption or volume,

And we also see SA/V ratio showing the macro Did you know that the average human has a Over thousands of years, humans have adapted
effects of evolution on the Earth's geographical higher SA/V ratio the closer you get to the to different environments. Humans nearer the
distribution of humans. equator? It's true. equator generally have longer arms and legs

and smaller torsos and frames. Whereas,

the farther you get from the equator, the more You know it has something to do with SA/V Higher, right? And the stockier humans have a
humans there are that have stockier framesand  ratio. So, do the humans with longer arms and lower SA/V ratio. Can you think of an enviran-
shorter arms and legs. Why do you think that legs and smaller torsos have a higher or lower mental factor, near the equator, that might

is? SA/V ratio? have selected for this trait?



Well, the temperatures are generally much So the environmental factor is the climate,

hotter near the equator. And the farther you which selects for humans with higher or lower
get from the equator, the colder it gets. SANV ratio, depending on where they are rela-

tive to the equator,

People with a higher SA/V ratio are genetically
more adapted to to release heat. This is benefi-

cal in hotter climates nearer the equator.

While people with a lower SA/V ratio are geneti-
cally more adapted to retain heat. This is ben-

eficial in colder climates farther from the equa-

Even with modern dwaellings, transportation, air
conditioning and technology we can observe

the effects of evolution, due to climate, on the

tor. entire human population.

anas

What does embryology have to do with evolution? DMA mutations

I /8

We know that DNA mutations in the germ-line

cells, that is the egg and sperm,

change  Changes morphology
f

and this changes the morphology, or form and and over hundreds of millions of years the

structure, of the adult organism. changes in morphology can gradually become

very great.

DNA mutations
change
development

cause changes in the development of the off-

spring

How does this show relationships
between the species?

But how does this show relationships between

the species?
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Well, did you know our embryology still has a
lot in common with our recent relatives: like all
vertebrates for instance. We all go through very

similar stages of development.

single cell morula

and then many cells in a stage called a morula

gl ol maorula e

And then this develops into a little guy with a
head, eyes, pharyngeal arches (we'll talk about

those later), 4 limbs and a notochord,

g polarity get

segmentation genes

We still have a lot of the same genes with the
same developmental functions. These genes
include egg polarity genes, segmentation

genes, and homeotic genes, or hox genes.

sngle cell

We see the following pattern in all fish, amphib-
lans, reptiles and mammals (including humans).
First there comes a fertilized egg which starts

off as a single cell

tlastuils

This ball of cells forms a cavity, becoming

hollow, and goes through a stage called a blas:

tula.

= e Actincptenygi mos

thyes e [ipnci

ey Amphitian

Sarcopterygian

Tetrapods == IEw i

Amnictes

Mammab

S0, how is it that our development has so much

in common with all these other species?

opmental Genes:

Basically they encode transcription factors

which transcribe the next set of genes in the ge-

netic cascade,

cleavage

tiragle ¢l

That cell divides to form two cells in the cleav-

age stage,

cleavage blastula

gartrula

The blastula develops a little hole, which be-
comes either the mouth or anus, and forms 3
layers of tissue (called endoderm, mesoderm

and ectoderm), thereby becoming a gastrula,

The answer Is that the specific genes, in our

DMA, which control development, are essen-

tially identical to the genes in these other spe-

cles,

This genetic cascade is just like the domino

effect.
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First, egg polarity genes divide the egg
along the anterior pasterior axis

-, +— head

-— tail

First, egg polarity genes divide the egg along
the anterior/posterior axis. This tells the egg
where it will form a head and where it will form

a tail.

'3

50, these developmental genes, in general, are
very “conserved” in nature, meaning they don't
mutate very much at all because when there is a

mutation in one of these genes

“Evo-deva”

‘Well, this is what is currently being researched
on the frontiers of evolutionary developmental

science, called “evo-devo.”

Ultimately, what he found in their DNA, were

mutations in the regulatory regions just before,
or upstream, from the hox genes controlling the

skull morphology.

First, egg polarity genes divide the sgg
alang the anterior/posterior axis.

Along this axis, segmentation genes divide
the developing embryo into specific areas.

Along this axis, segmentation genes divide the

developing embryo into specific areas, or seg-

ments.

it affects this critical early development, which
affects everything after that in the genetic cas-
cade, and almost always results in an unsuc

cessful organism.

Dr. Trey Fondon

‘While conducting research at UTSW Medical
Center in Dallas, evolutionary biologist Dr. Trey
Fondon, discovered one possibility for how, or

where, DNA mutates.

First, egg pola =5 divide the egg
along the anterion posterior axis.

Along this axis, 3
the developing embryo into specific areas

Then homeatic ganes give those areas a
spacific identity.

And then homeotic genes, called hox genes for

short, give those areas a specific identity.

But the question remains, what part of DNA
does create successful mutations? If not the
very conserved egg polarity, segmentation, or

hox genes, then what?

(dog skull scans from Trey)

He studied many species of dog skulls and the
wvariation in their morphology. He scanned the
skulls with a 3d laser and found mathematical

relationships in their shapes.

That's the place where all the transcription fac-

tors bind to DNA to transcribe it into mRNA and

make developmental proteins for that hox

gene.

The mutations he found were tandem repeats
of triplet DNA code. This would allow for more
or less transcription of developmental protein,

which would affect skull merphology.
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So over time, what changed was the number of

tandem repeats of DNA code in the regulatory
region upstream to the hox genes that con-

trolled skull development.

ichthyes. *
Sancoptenygian

——

Amniates

[

oo

Hurmans

Meet your extended family tree for the last 400

million years,

ot fshen

Every year, as we uncover more fossils and gain
better technologies science is improving our
understanding of what these ancestor species

looked like. So these are visual estimates which

Evolution almost never takes the simplest path,

but that's what makes it so fascinating!

pterygiam

Tetrapods

At these nodes are all the living species, that

you can go observe today,

Chendrichtyhes
< Actinopteryyi (mest fahes)

S Dl

Sarcopterygiany oy Aemphibans

Tetrapioch, =g e

Amictes =5

Marrsmaly

are becoming more definite over time, Alse

keep in mind that this is an incredibly simplified
version of a phylogenetic tree, If we were to

zoom in on just one of these branches we

(fade to white)

And there's so much more out there left to dis-
cover about how genes mutate and affect evo-

lution,

ryhed
Actinaptenygs (most ke

e Dipra

Sucopts y, Amphis

And at these nodes are representations of our

commaon ancestors with these species.

would see many smaller branches of species.
And these 2 taxa contain all the crocodiles, di
nosaurs, birds, lizards and snakes, so maybe you

can just imagine how many branches there are



extending from just these 2 groups. Phyloge-
netic trees are often just represented like this, to
simplify matters. 50, where would you find our

ians? The node representing Tetrapods is cor- Now can you find the most recent common an-
rect. Your genetic link to a frog or salamander cestor of Reptiles and Dipnoi?
was a four-limbed Tetrapod with air breathing

most recent common ancestor with Amphib lungs.
[blend shapes)
b
A Sarcopterygian fish was the ances- And because this rep a part of our lin-
tor. It was also our ancestor, eage, it means that | are also M I shared trai t us to all life, like trees
Amni Tetrapods, Sarcopterygians, Osteich-  and even bacts
thyes, and Gnathostomes.
g Chondrichtyhes iy Chimdrichiyhes
Oateichthyes ™= S Dipnai Onteichthype "= e Diproi
— Repules nrapods =—EB Repties
! \_’_ ‘/ﬂ’ ! \“ ;41’ A homology is a shared trait between
riccall OF l_.." Amniowes ."’ species that is due to common ancestry.
Mammals g Mammals
> ™~
Human Humars

Which leads to the question, what is this so

Well, a phylogenetic tree like thisone isbased A homology is a shared trait between species

called “phylogenetic tree” based on? In other

on something called homologies. that is due to ancestry. 5 imes bi-

words, how do we know that the puzzle pieces

ologists refer to homologies as “synapomor-

fit together just like this? phies.”
Chondrichigh Chandeichiyhes
_w_ " Hshesd - Actinoptrygd (most fahes)
Onteichthyrs = el e T Dip0i
- —ry, Amph b - <
— g Repies Ahomalogy is a shared trait between "-:\ -
‘:.._/’ species that is due to comman ancestry. -ﬂ'.:/ .
bl 2 q [} Living
N A homologous structura” s an anatomical g s
Mamerals g, homology
e
Humans

Traditionally, these enetic trees were When a homology is structural, we call it a ho- For instance, they can relate all the little nerves
constructed based on anatomy and physiology,  mologous structure, There is long history of and blood vessels and bones in your toall
or structure and function,

‘anatomists who have compared all the little the little nerves and blood vessels and bones in

structures of a vast number of species. _acat’s bedy, or even a shark’s body.
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Chondrichtyhes.
o« Actinoptenygi (most fshes)
Dipnod

, Aenphiblans

_ Pepties

We can label our tree with some homologous
structures like this. These are certainly not all
the homologous structures, but just a few to

glve you an idea of how this works.

This means that all mammals, reptiles, and am-
phibians have lungs. But did you know almost
all fish also have lungs, or swim bladders which

evolved from lungs? It's true,

T

S0 we can say that your arms and legs are “ho-

mclog_ous‘ to the arms and Ie_gscf any amphib-

ian, reptile, or mammal.

We do know, however, that our tetrapod limbs
evolved from fish fins. But how do we know

this?

Chondrichtyhes
. Actinopterygil iment fishes)

Dipnoi
Amphibians
. Peptiles
N Living
X , mammaly
b, il g~
s Mg
posable thumbs”
bipedsiim, large besin  Humans

Now, when we label this with homologous
structures, it means that every group after has
that structure, or something homologous to

that structure.

Chondrichiyhes
& Actinopterygi (most fiuhes)

e
g %,
o -
appendages

teestrial
egs

. Dvpnoi

. Amphitiany

_ Repties
- Living
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£ » -

hage ik g ©
Imidie ear bones

Pt
DR UGB Hurmans

So, looking at the homologous structures on
this phylogenetic tree, which group or groups

have terrestrial legs?

These are homologous structures; our ancestral
tetrapod evolved legs that walked on land and
amphibians, reptiles and mammals continued

to evolve those legs.
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For instance lungs evolved with most fishes, so
we can see that all Osteichthyans have lungs or

structures that evolved from lungs.
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Yes, all tetrapods originally had legs that
evolved to walk on land. That includes mam-

mals, reptiles, and amphibians,

Do you see how in all these limbs there is a very
similar arrangement of bones? But then what
about this fish fin? Pretty different arrangement

right?

How do we know this when both the structure
and function of fish fins are different than the

structure and function of our arms and legs?

This is where current DNA research enters the

picture. Remember those hox genes from the
previous chapter, the ones that control those

critical stages of embryological development?



Well i just so happens that these hox genes
regulate another gene called Sonic Hedgehog
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Gnathostomes

hornok:guus?

{

D hgedain,  begule

o

s

legs.50 we know that even shark fins are geneti-

cally homologous to our arms and legs, which

include everything from sharks to mammals,
have homelogous limbs, OK, so what about

(named after the video game), which controls

makes them homologous structures.So all “Gna-

insect legs or wings? Are they homologous to

devel of both fish fins and our arms and

th * which are jawed b and

all of these other homologous structures.

hnmulogous?

No.

[e——

¥ convergent evolution:

[ vehem shesar bt ot homalogonn,
trait evolves in two or more
BNt inages.

limbs evolved

:.ng(f

limibs evalved

analogous STructunss

convergent evolution:
weher irralar bust ot

Erait evoives in two or more
St lineages.

Actually, no. We can trace our phylogenetic lin-

lived millions of years before this. So, the in-

that’s when a similar, but not h log trait

sects 1 their limbs independently from

evolves in two or more distinct i And

eage back to when our aquatic ancestors had

0o fins... nolimbs ot all. But eur common ances-

tor with arthropods, including all insects,

ours in a process known as "convergent evolu-

tion™

we call that trait an "analogous structure.”

<. analogous structures:
4 have simdar functions but evelved
separately,

limbs evolved

TR

limbs evolved

Vo
x

S

¥

These are structures which have similar func-

Now, 1 said al eptiles have limbs which are ho-

That's right... phylogenetically speaking, the di-

nosaurs are still ing... and er, flying over...

tions but evolved separately, Therefore, insect

I to our limbs, right? And that in-

limbs and vertebrate limbs are called “analo-

cludes birds because they are actually reptiles

the planet. And their wings are analogous to

gous structures.”

that evolved from dinosaurs.

insect wings but homologous to our arms.

A vestighal structure is a homologous structure
which has lost all or most of its original function
through evolution.

But how about snakes? They're reptiles right?

In truth, some snakes, like boas and pythons, do

structure is a h

Now, a

Where are the | I limbs? They don't

still develop little hind limbs when they're em-

structure which has lost all or most of its origi-

appear to have ANY limbs...or do they?

bryos, and the limbs remain as vestigial struc-

tures in the adult.

L.

nal function jon. So do'

have any vestigial structures?



Yeah, lots of "em. First of all you're probably
stitting on one rlg_ht now. That little nubbin of a

bone called a “tail bone” you got back there is

homologous to the tails of all our vertebrate

It closes up during our development and be-

comes, well, a vestigial structure.

cousins, even the ones swimming in the ocean. You even have vestigial blood vessels. Here's

But it's not much use to us any more, kinda like one in your heart, called the ductus arteriousus,
those limbs on snakes, so we call it a vestigial It was useful for delivering blood in our fish an-

structure. cestors, but for human adults... not so much.

There's one more very fascinating human ho- The pharyngeal arches look kinda like little gills,

mology which you should know about: the right? Here's a fish embryo during the same

pharyngeal arches. stage of development

In adult fish the pharyngeal arches develop into

jaws and gills, but since our development has
evolved in another direction, gills not being so

adaptive to breathing air on land,

Chorndnchtyhes
Grathaitomes —= - Actineptenygi imon fishey]
Osteichthyes == S Diproi
— e
Tetiapody =EWS e Repties
Amwiotes T -~
A -~ Uiving
st _ g mamimals

e R

our pharyngeal arches develop into jaws and Qur lower jaw, which forms from the 1st pha-

various structures in your neck, 5o, these bones ryngeal arch, is hemologous also.
and cartilages in your neck and the benes in fish

gills are homologous structures.

Prtagany Basdd on musiociele Serneces 1 P fans b yiscteams ¢

we are able to assemble even more accurate

But

So, phylogenetic trees like this were
ally figured out on the basis of all the homolo-
gous and vestigial structures between the

groups.

g 1 species don't have to

be an anatomical structure. In fact, today by phiyogenetic trees. We have so much informa-

using genetic homologies, like DNA and protein tion on DNA sequences and protein structure

similarities between species, and function that scientists now put all of this
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information into a huge database, and let pow-
erful computer programs run algorithms to
construct the most accurate phylogenetic tree

between species.

This is a field in biology called bioinformatics.

It's where biclogy and math and computer sci-
ence converge, and it’'s at the forefront of evolu-

tionary scientific research.
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APPENDIX D
Formative Evaluation

Please share your thoughts on my animatic for evolution. Eventuaily (this spring), it will be a full-fledged
animation, but your critique on my content and general flow of ideas right now will help direct the final
outceme for this project. Thank you,

What do you think are the most interesting parts in the animatic?
Do you think your students would connect with this content?

Would you be interested and enthused about teaching it, and using this as a discussion aid?
Jtend oy
m ’ ( bﬂ-r-],i—,}
Are there any parts that you would rather me leave out completely? (: 7:& a %ﬁ\

brstloe sprrien
Is there anything that you think shouid definitely be added in terms of content for this animation (i.e,
Benetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, a more
systematic coverage of Darwinism, sexual selection, co-evolution... the list goes on)?

Will you use this when it's done?

Feel free to share any other ideas or concerns:
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Please share your thoughts on my animatic for evolution. Eventually (this spring), it will be a full-fledged
animation, but your critique on my content and general flow of ideas right now will help direct the final
outcome for this project. Thark you.

What do you think are the most interesting parts in the animatic?

; Lhve M# ractrn 1‘"?

2

\Jisuals

Do you think your students would connect with this content? d
L : , 4 P Y]
i . 2] { U_,('f_f ax ¢ 4] )
i/ Hue ¢ CDI?/Q o

Would you be interested and enthused about teaching it, and using this as a discussion aid?

Are there any parts that you would rather me leave out completely?

Is there anything that you think shoutd definitely be added in terms ofﬂent for this animation (i.e.,
genetic drift, gene flow, Hardy Weinberg principle(falaria and sickle cell trai peppered moth, a more
systematic coverage of Darwinism, sexual selection, co-evolution.. T goes on)?

Will you use this when it’s done?

Feel free to share any other ideas or concerns:

' l{ «[c( L\!cu’(,( 'JLO 5,(,@,4/{3 j

& rrshedt P'Odbd“ '
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Please share youwr thoughts on my animatic for evolution. Eventually {this spring), it will be a full-fledged
animation, but your critique on my ¢ontent and general flow of ideas right now will help direct the final
outcome for this project. Thank you.

What do you think are the most interesting parts in the animatic?

Do you think your students would connect with this content?

past b‘\«f

Would you be interested and enthused about teacking it, and using this as a discussion aid?

i

e
S

}{C

Are there any parts that you would rather me leave out completely?

No

" Is there anything that you think should definitely be added in terms of content for this animation {i.e.,
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, a more
systematic coverage of Darwinism, sexual selection, co-evolution... the list goes on)?

?aﬁssz\ﬂj as (,‘&ci»f:j oYy & \"LO\ Qﬁu} ”h) % ;a"\f 1’“\615
sh

Will you use this when it's done?

léﬁi

Feel free to share any other ideas or concerns:

%‘;DX‘ il \kw ; K
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Please share your thoughts on my animatic for evolution. Eventually {this spring), it will be a full-fledged
animation, but your critique on my content and general flow of ideas right now will help direct the final
outcome for this project. Thank you.

What do you think are the most interesting parts in the animatic?

_(E_\)»-t: - O U\D%,\)&alu e | mm\;_u___, INUCURR L
LodpiuesaShoos b, mmb%bw ™

Do you think your students would connect with this content?

MRans Phis G Lome, Dot due B Wdoe Blodink,

. Would you Be 1nter_ested and enthused about teaching it, and using this as a\discussion aid?
.\'K&'j LA U‘\%ﬁmmd\ N C‘QQQ\&’\ S\ S e Wl
C)\ N (NN \J§.m bmu_" B@Q_QAS&S:\X\ [g\l‘&s\w(\ymﬁlm W\LM\ru,b
Ao O AR Lot g o e WDz,
U\/\ M\\q

Are there any parts that you would rather me leave out completely?

Is there anything that you think should definitely be added in terms of content for this animation (i.e.,
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, amore
systematic coverage of Darwinism, sexual selection, co-evolution... the list goes on)?

N (eSany Mm&x \
Will you use this when it’s done?

Nb ‘U&u\m\,

Feel free to share any other ideas or concerns:



Please share your thoughts on my animatic for evolution. Eventually (this spring), it will be a full-fledged
animation, but your critique on my content and general flow of ideas right now will help direct the final

outcome for this project. Thank you.

what do you think are the most interesting parts in the animatic?
—77/"6 Loz w{‘/a;v E - _gf{;_z‘g_q{;,,—/ e

Mzﬁ bt civind e, 5 potdh Arecrmsf

Do you think your students would connect with this content?

Sioeds G Al grathopte

Would you be interested and enthused about teaching it, and using this as a discussion aid?
v/ ALpe A tece lhes ARV T L!A..'?’ &7?9{‘ e
v i i i
6;5 £ /ARE pareeco /fn JETEIFT SN T Y e

. A .
Cfnpeea L et E‘”"#’iﬁ‘j

fAT
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Are there any pérts that you would rather me leave out cofhpletely?

No

Is there anything that you think should definitely be added in terms of content for this animation (i.e.,
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, a more

systematic coverage of Darwinism, sexual selection, co-evolution... the list goes on)?
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Will you use this when it's done? %ﬂﬁ W‘i{y
)

Feel free to share any other ideas or concerns:
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Please share your thoughts on my animatic for evolution. Eventually (this spring}, it will be a full-fledged
animation, but your critique on my content and general flow of ideas right now will help direct the final
outcome for this project. Thank you.

What do you think are the most interesting parts in the animatic?

. — duwt .
- phudents M Cortinn T knos o we

Je -74—’ stied 2plepo Ao o, e quat,

Do you think your students would connect with this content? C'Aw"i n_‘?xbﬂd ZM
44% o dta oy ko we Coe fuom

Would you be interested and enthused about teaching it, and using this as a discussion aid?

7701,

Are there any parts that you would rather me leave out completely?

“Ny

Is there anything that you think should definitely be added in terms of content for this animation {i.e.,
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, a more
systematic coverage of Darwinism, sexual selection, co- evorutlon the list goes on)?

v"a.u_%/k(— AP 3«:/97

Will you use this when it's done?

ﬂﬁw

Feel free to share any other ideas or concerns:
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Please share your thoughts on my animatic for evolution. Eventually (this spring), it will be a full-fledged
animation, but your critique on my content and general flow of ideas right now will help direct the final
outcome for this project. Thank you.

What do you think are the most interesting parts in the animatic?

Do you think your students would connect with this content?

=S T 1 A GPunT \/!‘E\:F\ . P C T ATt
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Would you be interested and enthused about teaching it, and using this as a discussion aid?
Vm\| Moo <nu

Are there any parts that you would rather me leave out completely?

N R T el (.

Is there anything that you think should definitely be added in terms of content for this animation [i.e.,
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered math, a more
systematic coverage of Darwinism, sexual selection, co-evolution... the list goes on)?

Will you use this when it's done? :
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Fee! free to share any other ideas or concerns:
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Please share your thaughts on my animatic for evelution. Eventually (this spring), it will be a full-fledged
animation, but your critique on my content and general flow of ideas right now will halp direct the final
outcome for this project. Thank you.

What do vou think are the most interesting parts in the animatic?

(v e~DhA C o WAL A 02 9|6Uu;/u Q/\),—LQ/V\ Ag, ng@@
u@(&}l—{ A%gff;&ﬁ&)w :Q(ﬂi Q/Mj)lv \C\/\,mxuuftédécéﬂ, B.

Do you think your students would connect With this content? _
e
4\/&/ (j % A (ﬁi?\/ua

Woufd you be |nterested and enthused about teachlng it, and usmg this as a discussion aid?
e I/IO‘?/i ¢ LUULL

Q,g \/Q GANY] a%i
% Laud% AL f)wW‘ N ,ﬂyg

DAL e v

Argj;\tr:%ags%%ygu u@é}che&veleave out completely? I\LO (/D(/LQ/( ﬂ.d (QMJ
. 4
m/\j’ (/’v%u?S - A,

Is there anything that you think should definitely be added in terms of content for this animation (i.e.,
genetic drift, gene flow, Hardy Weinkerg principle, mataria and sickle cell trait, peppered moth, a more
systematic coverage of Darwinism, sexval selection, co-evolution... the list goes on)?

@—b\g—l—xgcf. ; AL Loﬁ,d q‘- )yc[ (JULQI\Mbﬂ-L&
ancwzu, t/W(Cu\/L (O Q&Qudm\/é,
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Feel free to share any r ideas or concerns:



Please share your thoughts on my animatic for evolution. Eventually (this spring}, it will be a full-fledged
animation, but your critigue on my content and general flow of ideas right now will help direct the final
outcome for this project. Thank you

What do you think are the most interesting parts in the animatic? Méc/ﬁfm
A SN At ol _fon o Afpey Prtel
%W?W it v

Do you think your students wouid connect with this content?
Qﬂr—u Lhvg Tt

mth-»)co

Would you be interested and enthused about teaching it, and using this as a discussion aid?
W %& Ths Jr Preate Forned  ppanets

M go At D Aendtd A ,(:& G AnengrT /‘f//
—(7‘122 b Aiired "‘/tvdzca ﬂuhm.
Ar

Tl
e thére that |d rath: [ out comp ? ' “r
any parts that you would rather me eave u etely o , 7
A

Is there anything that you think should definitely be added in terms of ntent r this animation (i.e.,
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, a more

systematic coverage of Darwinism, sexua! selection, co-evoiution... the fist goes on)?
A e

e

fed= o At Pppeci Pects 2
Gt geredd A e

Will you use this when it’s done?
O ot lafe 4

Feel free to share any other ideas or concerns
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Please share your thoughts on my animatic for evolution. Eventually {this spring), it will be a full-fledged
animation, but your critique on my centent and general flow of ideas right now will help direct the final
outcome for this project. Thank you.

o
What do you think are the most interesting parts in the animatic? G v
E]
—_ b\

Da you think your students would connect with this content? y Q
g

Would you be interested and enthused about teaching it, and using this as a discussion aid? >’.a
; T d

Are there any parts that you would rather me leave out completely? Aj

-\

o

Is there anything that you think should definitely be added in terms of content for this animation {i.e.,
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, a more
systematic coverage of Darwinism, sexual selection, co-evolution... the list goes on)?

—ﬁ: fa.m{m_,bo M-A}‘}’L
S\’]S)'L‘N‘LL‘L_‘ Lov“-.::bk bc[ Deyl—u‘.—\
Q—ayl‘ L\JA-\-.\L’&,} P"i“c«'\g”x

Will you use this when it's done?
VAx

feel free to share any other ideas or concerns:
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Please share your thoughts on my animatic for evolution. Eventually (this spring), it will be a full-fledged
animation, but your critigue on my content and general flow of ideas right now will help direct the final
outcome for this project. Thank you.

What do you think are the most interesting parts in the animatic?

1 Hked the miv of ceal {macps, coctoons, ca/waphs'

2:' c‘ﬂm"*& -

Do you think your students would connect with this content? .
Geeat Yo vkl waking deep /A"WCQWHF v b){jg{s
unolersie hc:a ble
—aqpad  1eve |
Wautd you be interested and enthused about teaching it, and using this as a discussion aid?
QJ)/S — T ke 4ot we can pavse %
hocuss Wl class -
Are there any parts that you would rather me leave out completely?
no = exergthing was linked well
% even vevisited

Is there anything that you think should definitely be added in terms of content for this animation (i.e.,
genetic driftfené Ao Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, @ more
Systematic coverage of Darwinism, sexual selection, co-evalution... the list goes on)?
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et

Will you use this when it's done?
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Feel free to share any other ideas or concerns;
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Please share your thoughts on my animatic for evolution. Eventuaily {this spring), it will be a full-fledged
animation, but your critique on my content and general flow of ideas right now will help direct the final
outcome for this project. Thank you.

What do you think are the most interesting parts in the animatic?

Do you think your students would connect with this content?

Would you be interested and enthused about teaching it, and using this as a discussion aid?
Are there any parts that you would rather me leave out completely?

Is there anything that you think should definitely be added in terms of content for this animation (i.e.,
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, a more
systematic coverage of Darwinism, sexual selection, co-evolution... the list goes on)?

Will you use this when it's done?

Feel frae to share any other ideas or concerns:
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Please share your thoughts on my animatic for evolution. Eventuatly (this spring), it will be a full-fledged
animation, but your critique on my cantent and general flow of ideas right now will help direct the final
outcome for this project. Thank you.

What do you think are the most interesting parts in the anlmatuc”

LorPvs Qe clined 5277

Do you think your students would connect with this content? <7 1°¢

‘7’)‘ A s hany (e e Hrvon  frepharmcm /ﬁjﬂrfﬁ;% -
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Would you be interested and enthused about teaching it, and using this as a discussion aid? L}j/aﬂ

A/ PRt ,030 “ /nvﬁfﬁ /4’
Are there any parts that you would rather me leave out completely? 20 ¢n 7' ?j/‘ “nger pranteh ot
cW MJ/{’KM Wﬁ’h J’ZW Qf/"-—()/t 5\( /W /_
/MW/’WJWW e Tt as pebilnsan Ead.

(.%édz a&iﬂ// kot f'//_z/ééu’(z/mn TV // ZQ{(W 4&.5 o
Is there anything that you think should definitely be added in terms of content for this animation (e, W’f & ntﬂﬂvf
genetic drift, gene flow, Hardy Weinberg principle, malaria and sickle cell trait, peppered moth, a more a,b""‘f
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W Dnsenvice: Seisnce Suiteases

Evaluation Form

Thank you for attending this inservice. We hope that the experience has been a useful one. Your input is
extrcmely important to us as we strive to improve the STARS Program. Pleasc take a moment to give us
some feedback on the following topics.

Name {optional) KI—LL—Ll ‘gl‘\})-i,) School (}ch ! c‘é—p__!’ﬁj,_glﬁ

& How did you hear about this event?

[3 STARS Newsletter O Email [ Science Supervisor
\E STARS Calendar 1 Another Tcacher O Other
TSEI STARS Web Page [} Lead Scicnce Teacher

» Grade(s) Taught R L I Subject(s) Taught 51 A

« Years Teaching Experience Z 3 » How many previous STARS events have you attended? %) 2 ;_

* Why did you decide to attend this symposium? (check all that apply) /] 5
\EI Topic sounded interesting o
\Ei Needed professional development hours 4‘/[&\,\
¥ Wanted 1o increase science knowledge base

Looking for some new teaching idcas
0 Other

See Back of Page for Ordering Free DVD of Today’s Presentations.

 Pleasc rate each of today’s presentations with the understanding that these presentations are geared for

teacher content professional development and would necd modification(s) for use in the classroom. Plcase

place an {X) next to the appropriate box.

Strongly Disagree Undecided Agree Strongly
disagree Agree
The presentation was Dr, Wright
appropriate in depth, X
The presentation was clear, Dr, Wright
X
| The presenter keptyour | | | B Dr. Wright
interest. )(
There is a sirong Jevel of Dr. Wright
relevance to the classroom. ><
[T gained knowledge from the | Dr, Wright
presentation. )&
Tistend (o recommend this . Dr, Wright
to other teachers, ><
_ e




¢ Please comment on today’s presentations and activities.
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P2 In what ways do, use_the information presented today in your c]assroo
usefid/i ing¥ i
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* What are some topics that you would like to see covered af future symposia? Please check all that apply.

\EI Mental Disorders/ Neurological Discases Genetics/DNA/Mutations
O Metabolic Diseases ] Biochemistry
O Cardiovascular Disease/Stroke O Cellular Processcs

\Q Body Systems O Other
O Pathogens/Micrabes

» In what ways can we improve the Basic Science Symposia or the STARS Program in general?

] Discussion Panels | Lab Visits
\g Breakout Sessions Demonstrations
Interactive Activities O Other

Request additional information: Pleasc check the boxes that apply and make sure your name and school arc
written below,

\EI DVD of today’s presentation. O STARS Calendar
O Virtual Instrument CD O STARS Newsletter
O Science Suitcases (portable labs) [m] Student Medical Tours
00 Summer Research Program ] Exploring Post
O OGther

* [f you would like additional information or have any other requests, pleasc fili in the information below.

Name T L )
School TZO £ well ]’2 -
school Phone{_€1Y ) 2 7 5 B VAR~ = N
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Let's say we have a population of microscopic
organisms, and they are multicellular. When we
look more closely at their trait for surface area to
volume ratio, we discover that there are 3 differ
ent types, or 3 different “phenotypes” to be
more exact, 5o let's discuss the different types.
One has 2 low surface area to volume ratie. In
other words, the outer surface Is about as small
as it can get for this volume. The type beside it
has the same volume, but because the outer sur-
face has expanded, and folded in a [ittle bit, it
has more surface area. Therefore it has more
surface area pervolume. The last one, witha
deep invagination, has the most surface area per
volume, and therefore the largest surface area to
volume ratio.

And because our population has this “diversity”
of traits, we say it has genetic variation, Look
around your classroom, it's a population. Does
anyone look exactly the same? Unless your class
has identical twins, probably not. 5o the popula-
tion of your classroom has genetic variation, just
like this one. This variation can be plotted on a
distribution curve, so we can see that most of our
population has an average 5A/V ratio. But fewin-
dividuals have a very low or a very high SA/V
ratio. So, now that we've analyzed gur 3 pheno
types for this trait, and placed them on a distribu-
tion curve, let's see what happens with selective
pressures from an environment.
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Mechanisms: Natural Selection and Speciation

(The Natural Selection Menu part).

Comments:

Now we've seen how different environments can
select for different individuals in a population.
But what happens if a population splits inte 2 by
accupying different environments? Let's say one
group gets carried off by water currents, so that
they are now geagraphically isolated from the
other group, They reproduce, and with each gen-
eration, random mutations in DNA cause little
developmental changes in the offspring that set
them slightly apart from their parents. Because
COFTI ments: ) the two groups are now In different environ-
. . : k ments, they have different selective pressures,
T VLA S e Ndlh 1’3(‘) As you have seen, these pressures select differ-
— . . 48 . ent individuals. Then those reproduce, and over
\L-Uu\ ‘}\ \J'\'\MVL’J\NX& :LN\_C- Gig" P millions of years of random mutation and patural

. L Oo mg( 2 selection, many species can evolve from what
e, £8 V=SNG

Al Ade %i’ "“‘me. "H’kcd started as one population of organisms.
(VoW oW iy '
Changes SO rmciﬁ b& S

€ e Ay UndEisiend. .’7
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Mechanisms: Natural Selection and Speciation
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In this way, evolution is sort of [ike a fireworks
display. Infact, it's like one very long, messed up
firework. Let's call our rocket here, the first gen-
eration. When it reproduces, it's like an explosion
of DNA with little random mutations in afl direc-
tions. This would be the 2nd generation. But the
wind has picked up, and there’s a little maisture
in the air, 50 some of the embers diffuse and fade
away. That's just natural selection. However,
some of them create new explosions of DNA, re-
sulting in the 3rd generation, which has different
shapes and colors that set it apart from the pre
ceding generation. That is what evolution Is like:
ane hig, continuous, out of control, freworks dis
alay.

in our lineage, one of these populations of little
multicellufar, microscopic organisms, gradually
formed a gut. And what does a gut do in terms
of surface area to volume ratio? Well a gut can
catch and hold even more food, right? So, we
can say that it increases the SA/V ratio to maxi-
mize the absorption of nutrients. Over millions of
years, one of these populations of multicellular
organisms with a gut, evolved into little worms,
with longer guts. So, let’s see the human gut in
comparison to this worm gut, Now, why do you
think our digestive tract has all those twists and
turns and leops and compartments? Well, aside
from more specialized digestion, it REALLY in-
creases the SA/V ratio, right?! it really increases
the amount of nutrients you can get from food,
But that’s not the only way your gut has evolved
to Increase SA/V ratio, On the tissue level, it has
all these all these little bumps and folds. So, what
dao you think is the function of these little bumps
and folds? Well, these would increase absorp
tion by increasing SA/V ratio,, right? If we zoom
in, we see smaller bumps and folds, and this also
increases absorption by increasing SA/V ratio. In
fact, each individual cell on your digestive sur-
face, also has even smaller bumps and folds,
which also increase SA/V ratio! The surface area
of your digestive tract is about the size of a
tennis court. But evolution of SA/V ratio is not
limited to your digestive tract. Many of the tis-
sues in your body have evolved to increase SA/V
ratio to increase absorption or connectivity, or
some other function. Again, think of this as
evolution's way of selecting for more and more
surface crammed into a limited volume.
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The Fossil Record

Now, tectonic shifts (think massive earthquakes,
volcanic eruptions, continental drift) have in spe-
cific areas, disrupted the layers, but geclogists
can still discern the pattern of rocks and, remem
ber, they can use radiometric dating to confirm
the identity of the layer. This is how scientists are
able to create vast and intricate geological maps,
which evolutionary biologists can then use to
find certain fossils. For instance, if they are
. - searching for dinosaur fossils they will know in
. which layer to look. However, if they were look-
Comments: ing for human fossils they wouldn't find any in
this layer because the rocks are too old and
humans hadn't evolved yet. Rather, they would
know ta look in newer racks to find human fos-
sils. In a sense, the entire field of Evolution is like
1 ¢ agiant jigsaw puzzle. We've put enough pieces
h IGZ ’h'\-lf‘v | to?_]eth :rg;o Imﬁw it's there, b'in there are many
pieces that have yet to be found,

& ‘gJ
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Mechanisms: Natural Selection and Speciation

(The Natural Selection Menu part).
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Now we’ve seen how different environments can
select for different individuals in a population,
But what happens if a population splits into 2 by
occupying different environments? Let’s say one
group gets carried off by water currents, so that
they are now geographically isolated from the
other group. They reproduce, and with each gen-
eration, random mutations in DNA cause little
developmental changes in the offspring that set
them slightly apart from thelr parents. Because

Comments: & the two groups are now in different environ-
.\\ { LC’ o ( e ments, they have different selective pressures,
(. i QA -~ As you have seen, these pressures select differ-
_‘ ‘\ s d ([ ent .indjviduafs. Then those reproduce, and over
O Critn ‘~1| o LALT millions of years of random mutation and natural

. selection, many species can evolve from what
}l}j, started as one population of organisms.
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Irt this way, evolution is sort of like a fireworks
display. In fact, it's like one very long, messed up
firework. Let's call our racket here, the first gen-
eration. When it reproduces, it's like an explosion
of DNA with little random mutations in all direc-
tions. This would be the 2nd generation. But the
wind has picked up, and there's a little moisture
in the air, so some of the embers diffuse and fade
away. That's just natural selection. However,
some of them create new explosions of DNA, re-
sulting in the 3rd generation, which has different
shapes and colors that set it apart from the pre-
ceding generation. That is what evolution is like:
ane big, continuous, out of control, fireworks dis
alay.

In our lineage, cne of these populations of little
multicellular, microscopic organisms, gradually
formed a gur. And what does a gut do in terms
of surface area to volume ratio? Well a gut can
catch and hold even mare food, right? So, we
can say that it increases the SA/V ratio to maxi
mize the absorption of nutrients. Gver millions of
years, one of these populations of multicellular
organisms with a gut, evolved into little worms,
with longer guts. 5o, let’s see the human gut in
comparison to this worm gut, Now, why do you
think our digestive tract has all those twists and
turns and loops and compartments? Well, aside
from more specialized digestion, it REALLY in-
creases the SA/V ratio, right? It really increases
the amaount of nutrients you can get from food.
But that's not the anly way your gut has evolved
to increase SA/V ratio, On the tissue level, it has
alt these all these little bumps and folds. So, what
do you think is the function of these little bumps
and folds? Well, these would increase absorp-
tion by increasing SA/V ratio,, right? If we zoom
in, we see smaller burmps and folds, and this also
increases absorption by increasing SA/V ratio. In
fact, each Individual cell on your digestive sur-
face, also has even smaller bumps and folds,
which also increase SA/V ratio! The surface area
of your digestive tract is about the size of a
tennis court. But evolution of SA/V ratio is not
limited to your digestive tract. Many of the tis-
sues in your body have evolved to increase SANV
ratio o increase absorption or connectivity, or
some other function. Again, think of this as
evolution’s way of selecting for more and more
surface crammed into a limited volume.
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Mechanisms: Natural Selection and Speciation

And we also see SA/V ratio showing the macro
effects of evolution on the Earth's geographical
distribution of humans. Did you know that the
average human has a higher SA/V ratio the closer
you get to the equator? It's true. Over thousands
of years, humans have adapted ta different envi-
ronments. Humans nearer the equator generally
have longer arms and legs and smaller torsos
and frames, Whereas, the farther you get from
the equator, the more humans there are that
Comments: have stockier frames and shorter arms and legs.
- i Why do you think that is? You know it has some-
S}\U'La (i € r“XFS Ol" S \M 0\-?}{1}“.:“\_5 thing to do with SA/V ratio. So, do the humans
with longer arms and legs and snzer tarsos

QKPmngﬁ S ’J]'Y&:’“ 1[13 ‘ have a higher or lower SA/V ratio? Higher, right?

1

“"And the stockier humans have a fower SA/V ratio.
Can you think of an environmental factor, near
the equator, that might have selected for this
trait?

Qrche- oors, hose, bode |
At j"’}'\

rzﬁuﬁln-r " " i

Well, the temperatures are generally much
hotter near the equator. And the farther you get
from the equator, the colder it gets. So the envi-
renmental factor is the climate, which selects for
humans with higher or lower SA/Y ratio, depend-
ing on where they are relative to the equator.
People with 2 higher SA/V ratio are genetically
more adapted to to release heat. This is benefi-
cal in hotter climates nearer the equator. People
with a higher SA/V ratio are genetically more
Comments: {  adapted to to release heat. This is benefical in

hotter climates nearer the equator. While people
with a iower SA/V ratio are genetically more
adapted to retain heat. This is beneficial in
colder climates farther frem the equator, Even
with modem dwellings, transportation, air cond-
tioning and technology we can ohserve the ef-
fects of evolution, due to climate, on the entire
human population,

tem Pa‘: b W e :\.(le,
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What does embryalogy have to do with evoly-
tion? We know that DNA mutations in the
germ-line cells, that is the eqq and sperm, cause
changes in the development of the offspring and
this changes the morphology, or form and struc-
ture, of the adult organism. And over hundreds
of millions of years the changes in morphology
can gradually become very great.

But how does this show relatlonships between
the species? Well, did you know our embryalogy
still has a lot in common with our recent rela-
tives: like all vertebrates for instance. We all go
through very similar stages of development. We
see the following pattern in all fish, amphibians,
reptiles and mammals {including humans). First
there comes a fertilized egg which starts off as a
single cell. That cell divides to form two cells in
the cleavage stage, and then many cells in a
stage called a morula. This ball of cells forms a
cavity, becoming hollow, and goes through a
stage called a blastula. The blastula develops a
little hole, which becomes either the mouth or
anus, and forms 3 layers of tissue (called endo-
derm, mesoderm and ectoderm), thereby be-
coming a gastrula, And then this develops into a
little guy with a head, eyes, pharyngeal arches
(we'll talk about those later), 4 limbs and a note-
chord.
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Evo-devo

But the question remains, what part of DNA does
create successiul mutations? If not the very con
served egg polarity, segmentation, or hox genes,
then what? Well, this is what is currently being
researched on the frontiers of evolutionary de-
velopmental science, called “evo-devo.” While
conducting research at UTSW Medical Centerin
Dallas, evolutionary biclogist Dr. Trey Fondon,
discovered one possibility for how, or where,

e On. TreyFomdant  vovvis DNA mutates. He studied many species of dog
. . skulls and the variation in their morphology. He
Comments‘ é-_ " "scanned the skulls with a 3d laser and found

¢ » hwan (e P‘u‘\f,\o Sj mathematical relationships in their shapes. Ulti-
mately, what he found in their DNA, were muta
tions in the regulatory regions just before, or up-
! stream, from the hox genes controlling the skull
] marphology, That's the place where all the wran-
i scription factors bind to DNA to transcribe it into
\ mRMA and make developmental proteins for that
hox gene. The mutations he found were tandem
repeats of triplet DNA code. This would allow for
more or less transcription of developmental pro-

tein, which would affect skull morphology. So
“’\J\ tandem repeats of DNA code in the regulatory
\ }\ \ D‘{‘}f '\}\.\ region upstream to the hox genes that controlled
vovltl U QN
\J\J ' '('\_ § ‘1\/\\) the simplest path, but that's what makes it so fas
b\){ “f l\\ cinating! And there's so much more out there left
\ 'g\%'o : to discover about how genes mutate and affect

t
M C\'W\ ) U\L\LYL" over time, what changed was the number of
skull development. Evolution almost never takes
Y Q%f_ﬁ“( {,"\ evolution,
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Phylogeny and Homology

T e - - . Meet your extended family tree for the last 400

| - e ' - - million years, At these nodes are ali the living

| Grthidionny = Ahigerypr bl bt :
T N, species, that you can go observe today. And at
oty s L
S these nodes are representations of our common
. — :
i e Pibaad ancestors with these species. Every year, as we
1 e uncaver more fossils and gain better technolo-

gles sclence is improving our understanding of
what these ancestor species lvoked like, So these
! are visual estimates which are becoming more

. definite over time. Also keep in mind that this is
an incredibly simplified version of a phylogenetic
tree. If we were to zoom in on just one of these
branches we would see many smaller branches
of species. And these 2 taxa contain all the croce-
diles, dinasaurs, birds, lizards and snakes, so
maybe you can just imagine how many branches
there are extending from just these 2 groups.

[T, _,Iﬂ_n

]
e

Corhments:
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Phylogenetic trees are often just represented fike

i ¢ |
. o.mw"\-’\" *"’*:1-"*""' ! this, to simplify matters. So, where would you
- e [ ﬁnFI our most recent common arcestor wfth..ﬂm—
P oo j phik ? The node rey ing Tetrapods is
et o i correct. Your genetic link to a frog or salaman-
\\v P ] der was a four-limbed Tetrapod with air breath-
e i ] ing lungs. Now can you find the most recent
Vs i ﬁ commen ancestor of Reptiles and Dipnoi? A Sar-
!  copterygian fish was the common ancestor. It
T L ceamia e e was also our ancestor. And because this repre-
R N . sents a part of our lineage, it means that humans
Comments: fi l \ i{)\ Mw q v 9‘54'\ o\ are also Mammals, Amniotes, Tetrapods, Sarcop-

oL terygians, Osteichthyes, and Gnathostomes, But
! we are also so much more. Our DNA s a shared

)
c)‘( h e '}D (\g{ trait that relates us to all life, like trees and even

'\;{7 -W_S H?" bacteria.
7
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Which leads to the question, what is this so
called “phylagenetic tree” based on? In other
words, how do we know that the puzzle pieces
fit together just like this? Well, a phylogenetic
tree like this one is based on something called
homologies. A homology is a shared trait be-
tween species that Is due to comman ancestry,
Sometimes biologists refer to homologies as “sy-
napornorphies.” Traditionally, these phyloge-
netic trees were constructed based on anatomy
and physiclogy, or structure and function. When
a homology is structural, we call it a hamologous
structure, There is long history of anatomists
who have compared all the little structures of a
vast number of species. For instance, they can
refate all the little nerves and blood vessels and
bones in your body to all the little nerves and
blood vessels and bones in a cat's body, or even
a shark's body.

We can label our tree with some homologous
structures like this. These are certainly not al
the homologous structures, but just a few to
give you an idea of how this works. Now, when
we label this with homologous structures, it
means that every group after has that structure,
or something homelogous to that structure, For
instance lungs evolved with most fishes, so we
can see that all Osteichthyans have lungs or

wres that evalved Trom lungs. This means
that all mammals, reptiles, and amphibians have
lungs. But did you know almost all fish also have
lungs, ar swim bladders which evolved from
lungs? It's true. So, looking at the homologous
structures on this phylogenetic tree, which
group or groups have terrestrial legs? Yes, all tet-
rapods ariginally had legs that evolved to walk
on land. That includes mammals, reptiles, and
amphibians.
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Phylogeny and Homology

50, phylogenetic trees like this were traditionally
figured out on the basis of all the homologous
and vestigial structures between the groups. But
homologies between species don't have to be
an anatomical structure, In fact, teday by using
genetic homologies, like DNA and protein simi-
larities between species, we are able to as-
semble even more accurate phlyogenetic trees,
We have so much infarmation on DNA sequenc-
es and protein structure and function that scien-
. tists now put all of this information Into a huge
Com ments: database, and let powerful computer programs
run algotithms to construct the most accurate
phylogenetic tree between species. This s a

Lou'g Jr»{\Q 0 & ] N t ETOA % field in biology called bioinformatics. It's where

biology and math and computer science con-

i i verge, and it's at the forefront of evolutionary
-‘f{ U‘r\ 'i’l(/\ QQ—JOI scientific research.
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So, how is it that our development has so much
in comman with all these other species? The
answer is that the specific genes, In our DNA,
which control development, are essentially iden-
tical to the genes in these other species, We still
have a lat of the same genes with the same de-
velopmental functions. These genes include egg
polarity genes, seqmentation genes, and

. hormzotic genes, or hox genes. Basically they

m’ﬁﬁiﬁfiﬁﬁaﬁﬁ_g&s which transcribe the
next set of genes in the genetic cascade, This ge-
netic cascade |s just like the domine effect.

First, egg polarity genes divide the egg along
the anterior/posterior axis, This tells the egg
where it will form a head and where It will form a
tail. Along this axis, segmentation genes divide
the developing embryo into specific areas, or
segments. And then homeotic genes, called hox
genes far short, give those areas a specific iden-
tity. So, these devetlopmental genes, in general,
are very “conserved” in nature, meaning they
don't mutate very much at all because when
there is a mutation in one of these genes ht af-
fects this critical early development, which af-
fects everything after that in the genetic cas-
cade, and almaost always results in an unsuccess
ful organism,
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Evo-devo

But the question remains, what part of DNA does
create successful mutations? If not the very con-
served egg polarity, segmentation, or hox genes,
then what? Well, this is what is currently being
researched on the frontiers of evolutionary de-
velopmental science, called "evo-devo,” While
conducting research at UTSW Medical Centerin
Dallas, evolutionary biclogist Dr. Trey Fondon,
0. Trey Fondon discovered one possibility for how, or where,
e ' ik DNA mutates. He studied many species of dog
. skulls and the variation in theimorphology» He
Comments: scanned the skulls with a 3d IasEmft%gﬁg‘
mathematical relationships in their shapes. Ulti-
mately, what he found in their DNA, were muta
tions in the regulatory regions just before, or up-
stream, from the hox genes controlling the skull
morphology. That's the place where all the tran-
scription factors bind to DNA to transcribe it into
mRMA and make developmental proteins for that
, hoxgene. The mutations he found were tandem
* repeats of triplet DNA code. This would aflow for
maore or [ess transcription of developmental pro-
tein, which would affect skull morphaology. Se
over time, what changed was the number of
tandem repeats of DNA cade in the regulatory
region upstream to the hox genes that controlled
skull development. Evolution almost never takes
the simplest path, but that's what makes it so fas
cinating! And there’s so much more out there left
to discover about how genes mutate and affect
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Meet your extendead family tree for the last 400
million years. At these nodes are all the living
species, that you can go observe today. And at
these nades are representations of our common
ancestors with these species. Every year, as we
uncover more fossils and gain better technolo-
gles science is improving our understanding of
what these ancestor species looked like. So these
are visual estimates which are becoming more
definite over time. Also keep In mind that this [s
an incredibly simplified version of a phylogenetic
tree. If we were to zoom in on just one of these
branches we would see many smaller branches
of species. And these 2 taxa contain all the croco
diles, dinosaurs, birds, lizards and snakes, so
maybe you can just Imagine how many branches
there are extending from just these 2 groups.

Phylogenetic trees are often just represented like
this, to simplify matters. So, where would you
find our most recent comman ancestor with Am-
phibians? The node representing Tetrapods is
cofrect. Your genetic link to a frog or salaman-
der was a four-limbed Tetrapod with air breath-
ing lungs, Now can you find the mast recent
comman ancestor of Reptiles and Dipnoi? A Sar-
copterygian fish was the commaon ancestor, It
was also our ancestor, And because this repre-
sents a part of our lineage, it means that humans
are also Mammals, Amniotes, Tetrapods, Sarcop-
terygians, Osteichthyes, and Gnathostomes, But
we are also so much more. Our DNA is a shared
trait that relates us to all life, like trees and even
bacteria,
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Which leads to the question, what is this so
called “phylogenetic tree” based on? In other
words, how do we know that the puzzle pieces
fit together just like this? Well, a phylogenetic
tree like this one is based on something called
homalogies. A homology is a shared trait be-
tween species that is due to common ancestry.
Sometimes biclogists refer to homologies as “sy-_
napomorphies.” Traditionally, these phyloge-
netic trees were constructed based on anatomy
and physiology, or structure and function, When
ahomelogy is structural, we call it a homologous
structure. There is long history of anatomists
who have compared all the little structures of a
vast number of species. For instance, they can
relate all the little nerves and blood vessels and
bones in your body to all the little nerves and
blood vessels and bones in a cat's body, or even
ashark's body.

We can label our tree with some homologous
structures like this, These are certainly not all
the homologous structures, but just a few to
give you an idea of how this works. Now, when
we label this with homologous structures, it
means that every group after has that structure,
or something homologous to that structure. For
instance lungs evolved with maost fishes, so we
can see that all Osteichthyans have lungs or
structures that evolved from lungs. This means
that all mammals, reptiles, and amphibians have
lungs. But did you know almaost all fish also have
tungs, or swim bladders which evolved from
lungs? It's true. So, looking at the homelogous
structures on this phylogenetic tree, which
group or groups have terrestrial legs? Yes, all tet
rapods originally had legs that evolved to walk
on land. That includes mammals, reptiles, and
amphibians.
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50 we can say that your arms and legs are “ho-
Boms s w3 | - molagous” to the arms and legs of any amphib-
i ﬁ'Tl;r lan, reptile, or mammal. These are homologous
f % ui structures; our ancestral tetrapod evolved legs
'

c

that walked on land and amphibians, reptiles
and mammals continued to evolve those legs,
: Do you see haw in all these limbs there is a very
i b similar arrangement of banes? But then what
i abaut this fish fin? Pretty different arrangement
. - right? We do know, however, that our tetrapad
. limbs evolved from fish fins. But how do we
Com ments: know this? How do we know this when both the
structure and function of fish fins are different
than the structure and function of our arms and
legs?

-|

‘ This is where current DNA research enters the
picture. Remember those hox genes from the
[ Ghmd A O

" i previous chapter, the ones that control those
' critical stages of embryological development?

Ty € el o
! Well it just so happens that these h
) i regulate another gene callqf Sonic Hedgeh
s, \L\ J 3 {named after the yidea qaine), which controls

developmenit of both fish fins and our arms and
legs. So we know that even shark fins are geneti-
cally homologous to our arms and legs, which

's . -~ makes them homologous structures.So all “Gna-
Lomments: r,"' thostomes,” which are jawed vertebrates, and

' include everything from sharks to mammals,
Saw his o ything

have homologous limbs,

koumal Planet
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Phylogeny and Homology

Ok, so what about insect legs or wings? Are they
homologous to all of these other homologous
structures? Actually, no. We can trace our phylo-
genetic lineage back to when our aquatic ances-
tors had no fins... no fimbs at afl. But our common
ancestor with arthropods, Including all insects,
lived millions of years before this. So, the insects
developed their limbs independently from ours
in a process known as “convergent evolution™
- . that's when a similar, but not homologous, trait
N evolves in two or mare distinct lineages, And we

com ments: call that trait an "analogous structure.” These are
structures which have similar functions but
evolved separately. Therefore, insect limbs and
vertebrate limbs are called "analogous struc-
tures.”

I ] . Now,Isald all reptiles have limbs which are ho-
H mologous ta our limbs, right? And that includes
\ birds because they are actually reptiles that

’ B evolved from dinosaurs. That's right... phyloge-
i - T L netically speaking, the dinosaurs are still roam-
‘ | ¥oop 61 { ! ing..and er, flying aver... the planet. And their

i ] ( i wings are analogous to insect wings but homolo
| JOUS to our arms,
i
I

Comments:
1

Wed Yhae — hawve QC_T\UI*‘&S
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A semtigial sisus ure 1 @ PoRGROYOUS LRt
which has lost 24 or Mot of Wy ongined function
thacuigh svelution

Comments:

Comments: rec Wj‘ lilced i <

But how about snakes? They're reptiles right?
Where are the homologous limbs? They don't
appear to have ANY limbs... or do they? in truth,
some snakes, like boas and pythons, do still de-
velop little hind limbs when they’'re embryos,
and the limbs remain as vestigial structures in
the adult. Now, a vestigial structure Is a homolo-
gous structure which has lost all or most of its
arlginal function through evolution. So do
hurmans have any vestigial structures? Yeah,
lots of ‘em. First of all you're probably stitting
on one right now. That little nubbin of a bone
called a “tail bone” you got back there is ho-
mologous to the tails of all our vertebrate cous
ins, even the ones swimming in the ocean. But
it's not much use to us any more, kinda like
those limbs on snakes, so we call it a vestigial
structure, You even have vestigial blood vessels.
Here's one in your heart, called the ductus arte-
riousus, It was useful for delivering blood in our
fish ancestors, but for hurman adults... not so
much. It closes up during our development and
becomes, well, a vestigial structure,

There's one more very fascinating human homol-

ogy which you should know about: the pharyn-
geal arches. The pharyngeal arches look kinda
like litthe gills, right? Here's a fish embryo during
the same stage of development In adult fish the
pharyngeal arches develop into jaws and gills,
but since our development has evolved jn an
other direction, gills not being so adaptive to
breathing air on land, our pharyngeal arches de-
velop into jaws and various structures in your
neck 50, these bones and cartilages in your neck
and the bones in fish gills are homologous struc-
tures. Qur lower Jaw, which forms from the 15t
pharyngeal arch, is homologous also.
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5o, phylogenetic trees like this were traditionally
figured out on the basis of all the homologous
and vestigial structures between the groups, But
homologies between species don't have to be
an anatomical structure. In fact, today by using
genetic homologies, like DNA and protein simi-
larities between species, we are able to as-
semble even more accurate phlyogenetic trees,
We have so much information on DNA sequenc-
es and protein structure and function that scien-
tists now put all of this information Into a huge
Comments: database, and let powerful computer programs
run algorithms to construct the most accurate
- phylogenetic tree between species. Thisis a
, o ’ Q——— field in biolagy calle@l_anﬁ’&ﬂﬁ_i_Ej,‘ﬂ‘s where
DoVt (j\ﬂ_’ Cu L]fr? - _ff(}' rettrenu j/ biology and math and CAmputer science con-
P [4 verge, and it's at the forefront of evolutionary

arc jﬁ\f H’LQ 5 n ai h .i S oaree. . scientific research,
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And just like the rocks in the Earth's surface, fos-
sils are arranged in corresponding layers. In the
oldest rocks on the bettom, we find only the life
forms without a head. On top of that we find ev-
erything with a head. On top of that we find ev-
erything with a head, jaws, and paired apend-
ages, On top of that we find everything with a
head, jaws, and paired apendages that walk on
land. On top of that we find everything with a
head, jaws, paired apendages that walk on land,
and hair. And on top of that we find everything
with a head, jaws, paired apendages that walk on

land with 2 legs, hair, and a well developed brain.

But in case you're feeling on top of it all, keep in
mind that these ancestral species split inta mil-
lions of other lineages, which evoived inta all the
species alive today. So, we are not "more
evolved” than other living species. Just like us,
they have been evolving for a very long time

and they are equally adapted to their respective
environments. Instead, think of these other
living species as our very distant cousins.

UV A Womens
{gu\\u\ “on I’W[Sl
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Chapter 3:
How does evolution work?

APPENDIX E
Giraffe Storyboard

Evelving? Adapting?

So, how does Evolution work?

First of all,

works on pop not

individuals. So if you work out and get really fit,

evolving? Are you “adapting” to your environ-

ment? You might become a better person, but

socialize and make a bunch of friends, and

study really hard and get ve

smart, are you

055 &0 ©Ap6 ©
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Causes of Evolution:

Y ]

in terms of Evolution, the answer is no because
you, an individual, do not evolve or adapt. Pop-
ulations evolve and populations adapt over

generations.

Now, a population is a localized group of indi-

viduals that belong to the same biological spe-
cies. This means they can interbreed and pro-

duce fertile offspring.

194

But how do populations evolve and adapt? Well

there are a few ways.
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W

(highlight males/females)

with some males and some females.

The fernal

Let's say we have a population of giraffes,

are watching the males eat leaves

off a tree. And in this activity, we can see some

in traits,

(animate James)

{animate Sam)

Specifically, there's variation in neck length. In James has a very long neck and can easily reach  Sam has an average length neck and can get
fact, we see 3 different pk pes of neck the nutrient rich leaves on the tree tops. Just enough leaves to get by.
length in the males.
{animate Ben) Causes of Evolution:
1. Natural Selection
- Competion
(}
¥ 3 ),
James Ben Sam LB

Ben, however, has a very short neck and can This means, that in this James is 50, this kind of comp (in this case, for

barely get a leaf.

the fittest individual for getting enough nutri-

food) is one environmental factor in something

tious leaves to live long enough to reproduce.

called natural selection.

Causes of Evolution:

Population Causes of Evolution: Populati
Adapts? Adapts?
Natural selection is the dif- 1. Natural Selection /2 1. Natural Selection J
ferential success in the reproduction - Competion :m:lm“
of different phenotypes resulting GELRCLT D)
from the interaction of the organ-
isms with their envirenment.
Natural selection is the differential success in Now natural selection causes the pop to  Another type of natural selection is called
the reproduction of different ph (like adapt, because the next g tion will likely sexual selection.

the 3 giraffes) Iting from the interaction of

look more like James, with longer necks.

the organisms with their environment.
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Girl, look at that neck!

Sexual selection is natural se-

lection for mating success.

¥

Sexual selection is natural selection for mating  There's i I selection, where members  Patricia: "Girl, look at that neck!” :
SUCCess. of one sex are more choosy for members of the
opposite sex.

Mmmm...hmmm. James is
50 fine! He can just have
my babies.

I L b ¥ #
Becky: “Mmmm..hmmm. James i< SO fine, He James: “Thas right.” And then there's selection, or com-
can just have my babies.” petition amaong bers of one sex.

Bankd 7 A Huh? Who's there??
1]
\ l ! \
L ¥ ¥ o S S ) 2 oy J
James: “No ‘necking’ with the ladies! Got it?! But, not all factors in an envi favor the
They're minell” reproductive success of one particular pheno-
type.

Causes of Evolution:  popiiation
Adapts?
1. Natural Selection "4
- Competion
- Sexual Selection
(inter- and intra-)
- Predation
(31 "
Predator: “Yeah, your neck looks the besttome  (gutteral noises) Predation is another factor in natural selection,
too, James. And | can see it a mile away.” and often, in nature, it can go against sexual se-

lection.




OK, | guess Sam will
have to do.

Patricia: 0K, | guess 5am will have to do.”

Causes of Evolution:

Population
Adapts?
1. Natural Selection o
- Competion
= Sexual Selection
(inter- and intra-)
= Predation
2. Gene Flow

While Sam’s babies might not have the long

So, with predation, this is how the lati

But natural selection is just one way popula-

necks that James' babies would've had, they’ll

might adapt. Natural Selection is a balancing of

tions evolve.

be less noticeable to pred And atleast

they'll have more sex | than Ben's babies.

‘many different envi tal factors with

many different physical traits of

nisms.

Patricia: *| don’t know Becky, Sam’s OK, but..”

Becky: “Uh... hold your estrous Patricia! Who is

THAT?”

f()hd-

(animate Gene)

Gene flow refers to the genetic
additions or subtractions from a pop-
ulation resulting from the movement

of fertile individuals or gametes.

Gene: “Who me? The name's Gene. I'm from

Gene: “gene flow.”

Gene flow refers to the genetic or

the ather I

and | came to spread my

subtractions from a populati Iting from

genes, with a little bit uh._.mmm...

the of fertile individuals or gametes.
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Causes of Evolution:  popyiation
Adapts?

1. Natural Selection J

- Competion

- Sexual Selection

(inter- and intra-)

- Predation

2. Gene Flow X

&

Gene flow is another way a population can

evolve, But gene flow alone rarely causes a

But wait, let’s not forget about genetic drift.

to adapt.

E9P

Genetic driftisa change in
the gene pool of a population that
takes place strictly by random
chance alone.

Causes of Evolution: Populati
Adapts?
1. Natural Selection J
- Cempetion
= Sexual Selection
{inter- and intra-)
- Predation
2. Gene Flow X
3. Genetic Drift X

Ben: "AAAAAHHAHAHAH! YESII YESIN®

Genetic drift is a change in the gene pool of a

Ben: “THANK YOU, GENETIC DRIFTII" The next

lation that takes place strictly by rand

will NOT be more adapted to mete-

chance alone. Also unlike natural selection, it

does not cause a population to adapt.

ors falling on them. That was just a random

event that changed our population’s gene pool.

I think we just got
bottlenecked.

Therefore, it evolves, without adapting. Patricia:

“I think we just got bottlenecked.”

Yeah, and by the looks of it,
we're headed for extinction,

Causes of Evolution: Populati
Adapts?
. Natural Selection J
- Competion
- Sexual Selection
(inter- and intra-)
- Predation

2. Gene Flow X
3. Genetic Drift X
4. Artifical Selection

-

Becky: “Yeah, and by the looks of it, we're

headed for extinction.”

Oh, | almost forgot. There's one more cause for

evolution, and it's something that farmers and
ranchers and animal breeders do for a living.

Artificial Selection is the
selective breeding of domesticated
plants and animals to encourage the

occurence of desirable traits.

Artificial Selection
We are the environment.

We select the individuals.

Artificial Selection
We are the envirenment.

We select the individuals.

Artificial Selection is the selective breeding of

In other words, in artifical selection we're the

You see these ir when you cruise the

ated plants and animals to encourage

environment and we select the Is who

produce section at the grocery store or your

the occurence of desirable traits.

will make it to the next generation.

local pet shop.
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Causes of Evolution: Populati
Adapts?

1. Natural Selection
- Competion
- Sexual Selection
(inter- and intra-)
- Predation
2. Gene Flow
3. Genetic Drift

X
X
4. Artifical Selection v

But do populations which evolve through artifi-

cial selection adapt? Yeah sure, they adapt to us

and the environments we create,

Who do you think I
am? White Fang??

199

Take your little puppy and put him outin the

Alaskan arctic and he probably won't fit in so

Plop him on a sofa in front of a warm fireplace,
however, and he will seem perfectly adapted.

well,

so yeah

Modes of (Natural or Artificial) Modes of (Natural or Artificial)
Selection Selection
-Directional Selection
(Laboratory) -Stabilizing Selection
-Disruptive Selection
We'll come back to the giraffes in a little bit, but Populations can adapt in different ways to dif- So, in general, there are 3 different modes of se-
for now, let's go into the lat ysowecan  ferent environments, i depending on which phe-  lection. There's directional selection, stabilizing
manipulate the environment to observe chang-  notype is selected. selection and disruptive selection.

£sin a population under the microscope.

So... back to our population of giraffes.

I'm not mating with that,
Ben vs. extinction? The
choice is clear.

Becky: "I'm not mating with that. Ben vs. extinc:

tion? The choice is clear.”

Alright, I guess Tl
take one for the team.

Patricia: "Alright, | guess Il take one for the

team.

Alright, dude.
Let's go... into
the forest where
no one can see,

Patricia: "Alright, dude. Let’s go... into the forest

Little did Patricia and Becky know, and you

‘Well, to be honest these sperm were more like

where no one can see.”

had a few germ cells tucked away that were car-

Tying some really awesome mutations.

the golden gods of Mount Testicula. In fact, you
might call them super sperm!



Causes of Evolution: pumuistien
t

Adapts’
1. Natural Selection ./
- Competion
- Sexual Selection
{inter- ond infre-)
? | -Predation
2. Gene Flow X
3. Genetic Drift x

4, Artifical Selection

bk

You see, while there are many causes of evolu-

Let's think about this. What if we had started

tion, there is one cause which rules them all, So

out with just a population of only “Bens?*

duce? Ben, right? But he can only reproduce

what is it that all 4 of these mechanisms needin ~ When they compete, get sexually rejected or with more Bens (which is kind of probl ic).
order to work? eaten dators
h‘hlhh' hh‘ I
* * * a ¥ o o . 4 s ¥
Ben Ben Ben Ben Ben Ben Ben Ben
* - w ¥ 4 - - . #
Ben Ben Ben Ben Ben Ben Ben Ben

And if more Bens show up from a neighbaoril

Nor will genetic drift have any real effect if

And if we wanted to artificially select to breed

[ there won't be much Gene flow.

some of the Bens survive whatever rand

giraffes from this popul. well, you got your

thing happens.

choice of Ben... or Ben.

Causes of Evolution: sepuiation Causes of Evolution: popustion Causes of Evolution: popuanion
Adapts? Adepts? Adepts?
1. Matural Selection ./ 1. Matural Selection ./ 1. Matural Selection ./
- Competion = Competion - Competion
-t'mmm -Waidﬂr‘ : 'Wé‘”ﬁ"
? ian - Predation vse', '“;" ! - Predation
2. Gene Flow X 2. Gene Flow X ariation’ | 5 Gene Flow x
3. Genetic Drift x 3. Genetic Drift x 3. Genetic Drift x
4, Artifical Selection J 4. Artifical Selection /' 4, Artifical Selection Jf
We need hing to get these mect The answer of course, is paprika. Paprika is the Wait a minute, what is the “spice of life?” GE-

of evolution to cause... well... evolution. What is
it?!

cause of all.... wait, did | rika? | mean ci-

lantro... no, ginger... or was it garlic? No,it'sa

NETIC VARIATION!! THAT'S Tl THAT'S THE
SECRET TO EVERY LIVING THING!!! The little dif-

spice... spice in general?... the “spice of life.”

ferences that make us all unique! NO ONE... NO
ONE IS NORMAL!

Couses of Evolution: p.piren Couses of Evolution: pi. Couses of Evolution: s
Adete? Adegis? Adgtsd
1 Natural Selection  f 1 Natural Selection  f 1 Natural Selection  f
- Competion - Competion - Competion
? Genetic e m(u:}u Genetic e m(nu}v Geretic e
Variationl | ; Gene Fiew x watations | VM| 5 cone Fiow x wutations | "M | 5 Gone Fiow x
3. Genetic Brift x (new genes) 3. Genetic brift X (mew genes) 3. Genetic brift x
4. Artifical Selection 4. Artificdl Selection 4. Artificl Selection
OK, ahem. Now... what causes this genetic varia-  Well, your comes in 2 different variet- In ather words, sex, which recombi isting
tion? ies. You got new comt of genes and genes into new genetic flavors, and
new genes. which are little changes in DNA that create new

alleles and new genes.
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[ 1 Naturel Selection o/
- Campetion.

= Sexuel Selection
- | faetc |
matations | "I | o e Flow
(new genes)

x
3. Genetic Drift x
L 4 Artifical Selection

Causes of Evelution: suere.
Adapts?

So, sexual recombination and mutation create

variation, which allow these mechanisms of

evolution to work.

with rare but awesome mutations, will re-

combine genetically with Patricia's eggs, to

201

Well, these new guys take off through natural _

selection, and over many generations they

adapt to the forest, With each new generation

make some really fit offspring. they get new mutations and sexual recombina-
tion,
.% q }‘h Gene's Population
Reproductive Isolation T
:":lu- Lamg perady
P e of tme Mew
=) e +1 £ Specied
Vool | 2 e e X - eeadarite
new gener) Yewectet K
LA At Selecten  J
Population
which leads to more variation, which allows And Ben and Patricia's poj is reproduc-  When evolution works like this over long peri-
natural selection and genetic drift to cause evo-  tively isolated from other giraffe popul ods of time (a matter of hundreds of th i

lution. We're not around so there's no artificial

selection.

such as Gene's. Meaning, no gene flowand

ta millions of years), coupled with reproductive

rafies from these_ Isolation, you get new species.
other populations.
Mmm... you just ain't goin” The Recipe for Evolution g
with our flow ne more, .
Cames of L J——
ey
LNt Scctn
saxlnem r—_ Lony pariedds e
o T e
ooy Fro R S
[ goser] 1 et bty x
L drndesd Selesnen )
# 4
Gene progeny: "Mmm... you just ain’t goin’ with  And if you can understand just this much by the
our flow no more.” time you get to college, you'll be
-
The End.

(chasing after)

{dancing)
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Suitcase Materials

\

1 Teacher Guide
1 Animation DVD

= e 1 Printable Materials CD
- 8 Fossil Casts
4 Game Boards
3 Bags of Food
39 Beak Finger Puppets
(13 of each type)




Proposed Schedule

Day 1: Watch Chapter 1:
(3:41 minutes)

Watch Chapter 2:
(4:42 minutes)

Watch Chapter 3:
(19:28 minutes)

Play Beak Niche
Day 2. Watch Chapter 4.
(4:42 minutes)

Watch Chapter 5:
(8:40 minutes)

Do the Fossil Lab

Introduction

The Fossil Record

Mechanisms

Embryology

Phylogeny
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Animation

The animation script and the end of chapter quizzes are available for you and
your students. If needed, the students can follow along with the script while
watching the animation, and then take the quizzes at the end of each chapter.

Following the script, is an answer key to the questions.

Also available are two student worksheets. The Evolution Concepts worksheet
has the basic terminology found throughout the entire animation; and the
students should use this to write down definitions. The Recipe for Lvolution
worksheet is a flow chart designed specifically to accompany Chapter 3:
Mechanisms; so when the class watches this section, the students should fill out

this worksheet.
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Animation Script

Chapter 1: Introduction (3:44 minutes)

If you were assigned the task to collect individuals from every living species on Earth, how
would you do it? Well, for starters, don’t quit your day job. Or you might want to consider
staying in school, because this task would be completely impossible. Not just for you alone, but
if every person on the planet worked in unison to gather members from every living species,
the task would still not get done. Why is this?

Not only do we not know all species on Earth, we have absolutely no idea how many species
there are on Earth. We don't even have a good estimate. Every time a team of biologists goes
into, say a tropical jungle, they wind up cataloguing hundreds of new species of insects. This
happens every year. But those are organisms that we can see with the naked eye. What about
all the microorganisms out there? Viruses?! We still haven’t decided if they are within the
confines of life. They have their own entire taxonomic system! Scientists have discovered
about 2 million living species, but their estimates for the total number of species living on Earth
range anywhere from 3 -100 million. So, where did all these species come from? They didn’t

just pop into existence out of nowhere, at least we've never seen that happen.

This is what we DO know: DNA is a shared trait of all life and, within a population, not only do
gene frequencies change, but DNA recombines and mutates from generation to generation.
Interestingly enough, this is the very definition of Evolution: thatis, change in the genetic
material (DNA) of a population of organisms from one generation to the next. This is o foct.
There is no scientific debate on whether or not Evolution exists. It does exist: genetic change

in a population from generation to generation does occur.

We also know why Evolution doesn’t expand populations limitlessly in all directions; Evolution
works through mechanisms, such as Natural Selection. More on that later... But, does
evolution cause new species to arise from older species? Again, this is what we do know: the
fossil record, DNA and protein analysis, comparative embryology, and all the homologies (or
shared traits between species) show that new species do arise from older species. Of course,
this can take thousands, sometimes millions, of years in a process called speciation.

Evolution is the cause for all the variation of life on Earth. Without it there would be no reason
for you to have Biology class. Biology would be meaningless. In fact, the class wouldn’t even
exist. There wouldn’t be chairs, or desks, or walls. This very animation would cease to be, along

with my voice, because... you would not exist, either.



Chapter 1 Quiz (correct answers are in red)

1. (TRUE or FALSE) We've known for a long time exactly how many species there are on

Earth.

2. All of the following are based on empirical observations which support evolution,

except:

A

moo®

The Fossil Record

DNA and protein analysis
Comparative Embryology

All the shared traits between species.
One’s personal religious faith.

3. Evolution is

A

B.
C.
D

m

the same thing as Natural Selection.
a theoretical fringe science of Biology.
kind of interesting, but not that useful.

. the change in the genetic material of a population of organisms from one

generation to the next.
adapting to your environment to become the superior organism.

4. (TRUE or FALSE) Evolution is “just a theory,” and there are other theories out there
which can explain the same biological phenomena.

Chapter 2: The Fossil Record (4:42 minutes)

So, where did we get this idea of Evolution? Charles Darwin gave us an explanation for how

evolution works, but where did HE first get the idea? Well, you're standing on it.

The Earth’s surface is composed of layers of rock. And some of that is sedimentary rock, in
other words, rock formed from sediment. Now, if you had to guess, which layer do you think

would be the oldest layer in this sedimentary rock? Well, it's the layer on the bottom. Think of
a sand bottle, in which you pour one color of sand that settles to the bottom. We're depositing
“sediment” here. Then you add another color of sand, which settles on top of the first color. In

general, this is how the sedimentary rock of the Earth’s surface is arranged, with older layers on

the bottom and newer layers on top.

The data which support this concept is gathered using a technology called radiometric dating

(radioactive carbon dating is one such technique). If they take a sample of rock from one of
these layers... there will be radioactive atoms in that sample, which have been releasing
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particles over time.  This is called decay. And using the rate of decay, scientists can measure
the amount of certain elements to deduce the age of the rock sample. Radiometric dating has
shown that the Earth is about 4 ' billion years old, and in sedimentary rock, the oldest layers

are generally on the bottom, with the newer layers on top.

And just like the rocks in the Farth’s surface, certain fossils are found in corresponding layers. If
we focus on the tiny branch of Evolution that is our own vertebrate lineage, this is what we find
in the fossil record. In the oldest rocks on the bottom, we find only life forms without a head.
On top of that we find everything with a head. On top of that we find everything with a head,
jaws, and paired appendages. On top of that we find everything with a head, jaws, and paired
apendages that walk on land. On top of that we find everything with a head, jaws, paired
apendages that walk on land, and hair. And on top of that we find everything with a head,

jaws, paired apendages that walk on land with 2 legs, hair, and a well developed brain.

This fossil record supports evolution because it shows how adaptations expand upon
preexisting structures over time. This is NOT how things were destined to evolve; it's just how
they did evolve. Evolution is not goal oriented. 5o in case you're feeling on top of it all, keep in
mind that these ancestral species split into millions of other lineages, which evolved into all the
species alive today. Now Evolution does not support the idea that any species is “superior” to
any other species. So, we are not like the highest rung of a ladder. There’s no ladder and
there’s no chain of being. We are only one tiny little branch on an ever expanding tree of life.
Instead, you can think of these other living species as our very distant cousins, who are equally

adapted to their respective environments.

Now, tectonic shifts (think massive earthquakes, volcanic eruptions, continental drift) have, in
specific areas, disrupted the layers. But geologists can still discern the pattern of rocks. And
remember, they can use radiometric dating to confirm the identity of the layer. This is how
scientists are able to create vast and intricate geological maps, which evolutionary biclogists
can then use to find certain fossils. For instance, if they are searching for dinosaur fossils they
will know in which layer to look. However, if they were looking for human fossils they wouldn't
find any in this layer because the rocks are too old, and humans had not evolved yet. Rather,
they would know to look in newer rocks to find human fossils.

In a sense, the entire field of Evolution is like a giant jigsaw puzzle. We've put enough pieces
together to know it's there, but there are many pieces that have yet to be found.



Chapter 2 Quiz (correct answers in red)

1. Fossils are

A.
B.

C. inlayers, just like the rocks in the Earth’s surface, with the newer fossils on top

D.

randomly scattered in the Earth’s surface.

in layers, with the newer fossils beneath the older fossils.

of the older fossils.

in layers of no chronological significance.

2. Which of these statements is true about the Earth’s surface?

A.
B
C.
D.
E.

F.
G.

The older layers of sedimentary rock are generally under the newer layers.

The newer layers of sedimentary rock are generally under the older layers.

It’s been disrupted by tectonic shifts so much that we cannot discern its history.

It’s been disrupted by tectonic shifts, but geologists can still discern the pattern

of rocks and their history.
Both A and D are true.
Both A and C are true.
Both B and Care true.

3. Radiometric dating

A,
B.
C.

m

uses the compounds of radioactive atoms to prove the existence of fossils.
has shown that the Earth is about 4.5 billion years old

uses the rate of decay in certain radioactive atoms to determine the age of a
rock sample.

Both A and B are true,

Both B and C are true.

Both A and C are true.

4. (TRUE or FALSE) In the fossil record, mammals can be found in any geological layer.

5. In the fossil record

A

monNnp

organisms with heads are not found below a certain geological layer.
organisms with jaws are not found below a certain geological layer.
organisms with hair are not found below a certain geological layer.

All of the above are true.

None of the above are true.
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6. (TRUE or FALSE) Some organisms without heads evolved after the first organisms with
heads.

7. (TRUE or FALSE) Humans are the superior species on the planet because they are so

intelligent. In a sense, they are the highest rung on the evolutionary ladder.

8. In the fossil record
A. creatures with hair evolved before the first creatures with jaws.
B. creatures with jaws evolved before the first creatures that walked on land.
C. creatures that walked on land evolved before the first creatures evolved with
heads.
creatures with jaws evolved after the first creatures with heads.
B, Cand D are correct.

B and D are correct.

b mmo

None of the above are correct.

Chapter 3: Mechanisms (19:28 minutes)

S0, how does Evolution work? First of all, Evolution works on populations, not individuals. So if
you work out and get really fit, socialize and make a bunch of friends, and study really hard and
get very smart, are you “evolving”? Are you “adapting” to your environment? You might
maximize your genetic potential to become a sharper, better looking giraffe. But in terms of
Evolution, the answer is no because you, an individual, do not evolve or adapt. Populations
evolve and populations adapt over generations.

Now, a population is a localized group of individuals that belong to the same biological species.
This means they can interbreed and produce fertile offspring. Also, populations are kind of a
relative concept (meaning it depends on what you're looking at and how closely you're zooming
in). You might be comparing 2 giraffe populations within one region in Africa. Or, you could he
comparing all the giraffes in that region with all the giraffes in another region. Or, you might
even be observing all the interbreeding giraffes in Africa, and comparing them to a population
of an entirely different species, like: the population of Homo sapiens in your city, country or
planet.

But how do populations evolve and adapt? Well there are a few ways. Let’s say we have a
population of giraffes, with some males and some females. The females are watching the males
eat leaves off a tree. And in this activity, we can see some variation in traits. Specifically,

there’s variation in neck length. In fact, we see 3 different phenotypes of neck length in the



males. James has a very long neck and can easily reach the nutrient rich leaves on the tree
tops. Sam has an average length neck and can get just enough leaves to get by. Ben, however,
has a very short neck and can barely get a leaf. This means, that in this environment, James is
the fittest individual for getting enough nutritious leaves to live long enough to reproduce. So,
this kind of competition (in this case, for food) is one environmental factor in something called
natural selection.

Natural selection is the differential success in the reproduction of different phenotypes (like the
3 giraffes) resulting from the interaction of the organisms with their environment. Now natural
selection causes the population to adapt, because the next generation will likely look more like
James, with longer necks. Another type of natural selection is called sexual selection. Sexual
selection is natural selection for mating success. There’s intersexual selection, where members
of one sex are choosy for members of the opposite sex. And then there’s intrasexual selection,

or competition among members of one sex.

But, not all factors in an environment favor the reproductive success of one particular
phenotype. Predation is another factor in natural selection, and often in nature, it can go
against sexual selection. While Sam’s babies might not have the long necks that James’ babies
would’ve had, they'll be less noticeable to predators. And at least they'll have more sex appeal
than Ben’s babies. So, with predation, this is how the population might adapt. Natural
Selection is a balancing of many different environmental factors with many different physical
traits of organisms. But natural selection is just one way populations evolve,

Gene flow refers to the genetic additions or subtractions from a population resulting from the
movement of fertile individuals or gametes. Gene flow is another way a population can evolve.
But gene flow alone rarely causes a population to adapt. But wait, let’s not forget about
genetic drift.

Genetic drift is a change in the gene pool of a population that takes place strictly by random
chance alone. Soin the case of meteor shower... (kaboom!). Also unlike natural selection, it
does not cause a population to adapt. The next generation will NOT be more adapted to

meteors falling on them. That was just a random event that changed our population’s gene

pool.

Oh, l almost forgot. There's one more cause for evolution, and it's something that farmers and
ranchers and animal breeders do for a living. Artificial Selection is the selective breeding of
domesticated plants and animals to encourage the occurrence of desirable traits. In other
words, in artificial selection we are the environment and we select the individuals who will
make it to the next generation. You see these individuals when you cruise the produce section
at the grocery store or your local pet shop. But do populations which evolve through artificial
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selection adapt? Take your little puppy and put him out in the Alaskan arctic and he probably
won't fitin so well. Plop him on a sofa in front of a warm fireplace, however, and he will seem

perfectly adapted. So yeah, sure, they adapt to us and the environments we create.

We'll come back to the giraffes in a little bit, but for now, let’s go into the laboratory so we can
manipulate the environment to observe changes in a population under the microscope.

Chapter 3 Quiz, Part 1 (correct answers are in red)

1. Evolution works on

A.
B.
C.
D.

individuals
communities

ecosystems

populations

2. A population is a localized group of individuals that

A

mp oD

belong to the same species.

belong to different species.

can interbreed and produce fertile offspring.

do not migrate and are not part of any other group.
Both B and Care correct.

Both A and C are correct.

None of the above are correct.

3. Natural selection is the differential success in the of different phenotypes

resulting from the interaction of the organisms with their

A,
B.
C.

competition, species
attraction, sexual selection

avoidance of predators, population

D. regrcduction, environment

4. Two rams butting heads for the female sheep (ewes}is an example of

A,
B.
C

intersexual selection.

intrasexual selection.

primitive male bonding.

D. true love.



5. Sexual “choosiness” for members of the opposite sex is

A,

B.
C.
D.

intersexual selection.
intrasexual selection.
good fashion sense.

completely random.

6. Natural selection might involve all the following, except:

A, competition for food
B. predation
C. sexual selection
D. genetic drift
7. A few fertile members of one population move to another population
example of
A. heterozygous advantage

B
C.
D.

genetic drift
gene flow

. the founder effect

8. Genetic drift causes evolution strictly by

A.
B.
C.
D.

meteor showers
random chance
surprise
adaptation

9. Which of these causes a population to adapt?

A,
B.
C.
D.

genetic drift
natural selection
gene flow

all of the above

10. An example of artificial selection is

A.
B.
C.

humans breeding dogs from wolves.
bacteria having antibiotic resistance.
humans growing Gala apples to eat.

D. bothAandC

. This is an
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In the lab...

Let's say we have a population of microscopic, multicellular organisms. When we look more
closely at their trait for surface area to volume ratio, we discover that there are 3 different
phenotypes. So let’s discuss the different types. One has a low SA/V ratio. In other words, the
outer surface is about as small as it can get for this volume. The type beside it has the same
surface area, but its volume has decreased, so it has a higher SA/V ratio. The last one, with a
deep invagination, has the most surface area per volume, and therefore the largest SA/V ratio.
And because our population has this variation of traits, we say it has genetic variation. Look
around your classroom; it's a population. Does anyone look exactly the same? {Unless your
class has identical twins, probably not) So the population of your classroom has genetic
variation, just like this one. This variation can be plotted on a distribution curve, so we can see
that most of our population has an average SA/VY ratio. But few individuals have a very low or a
very high SA/V ratio. So, now that we've analyzed our 3 phenotypes for this trait, and placed
them on a distribution curve, let’s see what happens with selective pressures from an
environment. Choose an environment. You can release food, biotoxin, both food and biotoxin
at the same time, or a predator.

The food is a positive, life-sustaining environmental factor for our population. Which type
seems to be the most adapted to getting food? The one with the highest SA/V ratio will have a
higher chance of getting enough food because of its larger SA. So, which type would likely be
the most successful in reproducing offspring in this environment? Yes, the type that is most
adapted to getting food will have a better chance of living long enough and having the energy
to reproduce more, and more successfully. Now what do you think will happen to our
distribution curve in the next generation? It shifts more towards the individuals with the
highest SA/V ratio because they were the best at getting food, and therefore could reproduce
more, This is a kind of natural selection called directional selection. In this case the “direction”
is towards the phenotype with the highest SA/V ratio.

The biotoxin is a harmful molecule produced by another organism in this environment. If an
individual in our population gets too much biotoxin, it will die. So, what organism is most
susceptible to the biotoxin? The one with the highest SA/V ratio will likely be most affected by
the biotoxin. But which one will be the most reproductively successful? Well, since the one
with the lowest SA/V ratio receives less, it is safest from the biotoxin. Therefore, in this
environment, it is more likely to survive to reproduce. 5o, in the next generation there will be
more individuals with a lower SA/V ratio. So, what happens to our distribution curve in the next
generation? It shifts towards the individuals with the lowest SA/V ratio to reflect that there are
more of them being reproduced in this environment. This kind of natural selection is called
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directional selection. In this case, the “direction” is towards the type with the lowest SA/V
ratio.

Releasing both the food and biotoxin, a positive and negative stimulus, respectively, at the
same time, will create a more complex environment. So, what type is the most adaptive to this
environment? It's hard to say, and in real life there are often an incredible number of
environmental factors, each balancing the benefits and costs of an individual’s traits. But
perhaps we find that the type with the average SA/V ratio gets just enough food and avoids the
biotoxin just enough to survive, so that in this environment, we find it to be the most
reproductively successful, But what do you think will happen to our distribution curve in the
next generation? In this environment, our distribution curve will spike in the middle and be
reduced on both sides, showing that in the next generation our population will have even more
individuals with an average SA/V ratio. This type of natural selection is called stabilizing
selection. Think of this as selecting for the most “stabile” or “balanced” set of traits, in

between the 2 extremes.

The predator is a hydra that has adapted to feed on our population. While the hydra can
devour any of the phenotypes, itis specifically adapted to eat the most numerous phenotype,
which are the ones with the average SA/V ratio. So, which phenotype will show the least
reproductive success in this environment? The one in the middle right? Because that’s the type
the predator is most adapted to eat. And what do you suppose might happen to our
distribution curve in the next generation? Well, the individuals with an average SA/V ratio will
decrease and the 2 phenotypes at the extremes will reproduce more. 50, our curve would look
something like this. This is a kind of natural selection called disruptive selection. 5o, the

predator apparently “disrupted” our nice singular curve into 2 smaller curves.
Back to the giraffes...

So... back to our population of giraffes. Little did Patricia and Becky know, and you wouldn't
know it from looking at him, but Ben had a few germ cells tucked away that were carrying some
really awesome mutations. In fact, you might call them super sperm! You see, while there are
many causes of Evolution, there is one cause which rules them all. So what s it that all 4 of
these mechanisms need in order to work? Let’s think about this. What if we had started out
with just a population of only Bens? When they compete, get sexually rejected or eaten by
predators, who, if anyone, will survive to mate and reproduce? Ben, right? But he can only
reproduce with more Bens (which is kind of problematic). And if more Bens show up from a
neighbaring population, there won't he much gene flow. Nor will genetic drift have any real
effect if some of the Bens survive whatever random thing happens. And if we wanted to
artificially select to breed giraffes from this population, well, you got your choice of Ben... or
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Ben. We need something to get these mechanisms of Evolution to cause... well... Evolution.
What is it?! The answer is genetic variation. Now... what causes this genetic variation? Well,
your variation comes in 2 different varieties. You got new combinations of genes and new
genes... in other words, sex, which recombines existing genes into new genetic flavors, and
mutation, which are little changes in DNA that create new alleles and new genes. So, sexual
recombination and mutation create variation, which allow these mechanisms of evolution to
work.

Now, here in the forest, same of Ben’s sperm, with very rare but awesome mutations, will
recombine genetically with Patricia’s eggs, to make some really fit offspring. Well, these new
guys take off through natural selection, and over many generations they adapt to the forest.
With each new generation they get new mutations and sexual recombination, which leads to
maore variation, which allows natural selection and genetic drift to cause Evolution. We're not
around so there’s no artificial selection. And Ben and Patricia’s population is reproductively
isolated from other giraffe populations, such as Gene's. Meaning, no gene flow and they're not
mating with giraffes from these other populations. When evolution works like this over long
periods of time (a matter of hundreds of thousands to millions of years), coupled with
reproductive isolation, you get new species. And if you can understand just this much by the
time you get to college, you'll be... awesome].

Chapter 3 Quiz, Part 2 (correct answers are in red)

11. The mode of natural selection represented in the
population distribution curves below is

generation 1 generation 2
phenotype phenotype

A) directional selection
B) stabilizing selection
C) disruptive selection
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12.The mode of natural selection represented in the
population distribution curves below is

generation 1 generation 2
phenotype phenotype

A) directional selection
B) stabilizing selection
C) disruptive selection

13.The mode of natural selection represented in the
population distribution curves below is

generation 1 generation 2
phenotype phenotype

A) directional selection
B) stabilizing selection
C) disruptive selection

14. The mechanisms of natural selection, gene flow and genetic drift are dependenton a

population’s to cause evolution.

a. genetic substitution
b. genetic variation

c. dominant phenotype
d. adaptation
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15. Genetic variation in a population is generated by
a. mutation
b. sexual recombination
c. adaptation
d. natural selection
e. Both A and B are true.
f. None of the above are true.

16. For a new species to evolve, a population needs
a. genetic drift
b. gene flow
c. adaptation
d. reproductive isolation

Chapter 4: Embryology (4:42 minutes)

Embryology is the science which studies the development of embryos, from the fertilization of
the ovum to the fetus stage. What does embryology have to do with Evolution? We know that
DNA mutations in the germ-line cells {that is, the egg and sperm) cause changes in the
development of the offspring. And this changes the morphology, or form and structure, of the
adult organism. And over hundreds of millions of years the changes in morphology can

gradually become very great. But how does this idea show relationships between the species?

Well, did you know our embryology still has a lot in common with our recent relatives? Like all
vertebrates, for instance, go through very similar stages of development. We see the following
pattern in all fish, amphibians, reptiles and mammals (including humans). First there comes a
fertilized egg which starts off as a single cell. That cell divides to form two cells in the cleavage
stage, and then many cells in a stage called a morula. This ball of cells forms a cavity, becoming
hollow, and goes through a stage called a blastula. The blastula develops a little hole, which in
all vertebrates becomes the anus, and forms 3 layers of tissue (called endoderm, mesoderm
and ectoderm), thereby becoming a gastrula. And then this develops into a little guy with a

head, eyes, pharyngeal arches (we’ll talk about those later), 4 limbs and a notochord.

So, how is it that our development has so much in common with all these other species? The
answer is that the specific genes, in our DNA, which control development, are essentially
identical to the genes in these other species. We still have a lot of the same genes with the

same developmental functions. These genes include egg polarity genes, segmentation genes,
and homeotic genes (or Hox genes). Basically they encode transcription factors which
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transcribe the next set of genes in the genetic cascade. This genetic cascade is just like the
domino effect.

First, egg polarity genes divide the egg along the anterior/posterior axis. This tells the egg
where it will form a head and where it will form a tail. Along this axis, segmentation genes

divide the developing embryo into specific areas, or segments. And then homeotic genes, called

Hox genes for short, give those areas a specific identity.

So, these developmental genes, in general, are very “conserved” in nature, meaning they don't
mutate very much at all. Because when there is a mutation in one of these genes, it affects this
critical early development, which affects everything after that in the genetic cascade, and

almost always results in an unsuccessful organism.

But the question remains, what part of DNA does create successful mutations? If not the very
conserved egg polarity, segmentation, or hox genes, then what? Well, this is what is currently
being researched on the frontiers of evolutionary developmental science, called “evo-devo.”
While conducting research at UTSW Medical Center in Dallas, evolutionary biologist Dr. Trey
Fondon, discovered one possibility for how, or where, DNA mutates. He studied many breeds
of dog skulls and the variation in their morphology. He scanned the skulls with a 3d laser and
found mathematical relationships in their shapes. The mutations he found in their DNA were
tandem repeats of triplet DNA code upstream from the Hox genes controlling the skull
morphology. This would allow for more or less transcription of the developmental protein,
which would affect skull morphology. Evolution almost never takes the simplest path, but
that's what makes it so fascinating. And there’s so much more out there left to discover about
how genes mutate and affect Evolution.

Chapter 4 Quiz (correct answers are in red)

1. Mutations in the cells change which changes in the adult

organism .

A. somatic, morphology, development

B. germ, embryological development, morphology
C. stem, ontogeny, phylogeny
D

single, recombination, selection

2. (TRUE or FALSE) All vertebrates (mammals, reptiles, amphibians and fish) go through

very similar stages of embryological development.
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3. Species have similarities in development with other species because of the conservation

of similar developmental

A.
B.
c.
D

embryos.
cells.

EENEs.
patterns.

4. Developmental genes include all the following, except:

A

B.
C.
D.

homeotic genes
egg polarity genes

segmentation genes
m-transcoder genes

5. Hox genes are very conserved among the species because

A.

B
C.
D.

they are responsible for critical stages in embryological development.

. they mutate more than other genes.

they are the “genetic blueprint” for all the higher species.

. they determine where the single cell embryo will form a head and where it will

for a tail.

6. Current research has shown that the evolution in dog skull morphology has occurred

mostly because of

A

B.
C.
D

translocations in maternal effect genes.
duplications in segmentation genes.

tandem repeat mutations of triplet DNA code in cis-regulatory regions.
embryological conservation.

Chapter 5: Phylogeny (8:40 minutes)

Phylogeny is the evolutionary history of a species or group of related species. Meet your

extended family tree for the last 400 million years. At these nodes are all the living species that

you can go observe today. And at these nodes are representations of our common ancestors

with these species. Every year, as we uncover more fossils and gain better technologies science

is improving our understanding of what these ancestor species looked like. So these are visual
estimates which are becoming more definite over time. Also keep in mind that this is an
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incredibly simplified version of a phylogenetic tree. If we were to zoom in on just one of these
branches we would see many smaller branches of species.

Phylogenetic trees are often just represented like this, to simplify matters. So, where would
you find our most recent common ancestor with Amphibians? The node representing Tetrapods
is correct. Your genetic link to a frog or salamander was a four-limbed Tetrapod with air
breathing lungs. Now can you find the most recent common ancestor of all Chondrichthyes and
all Reptiles? A fish with jaws and paired fins was the common ancestor between these two
groups. It was a Gnathostome, and this fish was also our ancestor. And because this
represents a part of our lineage, it means that humans are also Mammals, Amniotes,
Tetrapods, Gnathostomes, Craniates, and Deuterostomes. But we are also so much more. Our
DNA is a shared trait that relates us to all life, like trees and even bacteria.

Which leads to the question, what is this so called “phylogenetic tree” based on? In other
words, how do we know that the puzzle pieces fit together just like this? Well, a phylogenetic
tree like this one is based on something called homologies. A homology is a shared trait
between species that is due to common ancestry. Sometimes biologists refer to homologies as
“synapomorphies.” When a homology is structural we call it a homologous structure.

We can label our tree with some homologous structures like this. These are certainly not all the
homologous structures, but just a few to give you an idea of how this works. Now, when we
label this with homologous structures, it means that every group after has that structure, or
something homologous to that structure. So, looking at the homologous structures on this
phylogenetic tree, which group or groups have terrestrial legs? Yes, all tetrapods originally had
legs that evolved to walk on land. That includes mammals, reptiles, and amphibians.

So we can say that your arms and legs are “"homologous” to the arms and legs of any
amphibian, reptile, or mammal. These are homologous structures; our ancestral tetrapod
evolved legs that walked on land and amphibians, reptiles and mammals continued to evolve
those legs. Do you see how in all these limbs there is a very similar arrangement of bones? But
then what about this fish fin? Pretty different arrangement right? We do know, however, that
our tetrapod limbs evolved from fish fins. But how do we know this? How do we know this
when both the structure and function of fish fins are different than the structure and function
of our arms and legs?

This is where current DNA research enters the picture. Remember those hox genes from the
previous chapter, the ones that control those critical stages of embryological development?
Well it just so happens that these hox genes regulate another gene called Sonic Hedgehog
(named after the video game), which controls development of both fish fins and our arms and
legs. So we know that even shark fins are genetically homologous to our arms and legs, which
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makes them homologous structures. So all “Gnathostomes,” which are jawed vertebrates and
include everything from sharks to mammals, have homologous limbs.

OK, so what about insect legs or wings? Are they homologous to all of these other homologous
structures? Actually, no. We can trace our phylogenetic lineage back to when our aguatic
ancestors had no fins... no limbs at all. But our common ancestor with arthropods, including all
insects, lived millions of years before this. So, the insects developed their limbs independently
from ours in a process known as convergent evolution: that's when a similar, but not
homologous, trait evolves in two or more distinct lineages. And we call that trait an analogous
structure. These are structures which have similar functions but evolved separately. Therefore,

insect limbs and vertebrate limbs are called analogous structures.

Now, | said all reptiles have limbs which are homologous to our limbs, right? And that includes
birds because they are actually reptiles that evolved from dinosaurs. That's right.
Phylogenetically speaking, the dinosaurs are still roaming... and er, flying over... the planet.

And their wings are analogous to insect wings but homelogous to our arms. But how about
snakes, they're reptiles right? Where are the homologous limbs? They don't appear to have
ANY limbs... or do they? In truth, some snakes, like boas and pythons, do still develop little hind
limbs when they're embryos, and the limbs remain as vestigial structures in the adult.

Now, a vestigial structure is a homologous structure which has lost all or most of its original
function through Evolution. So do humans have any vestigial structures? Yeah, lots of them.
First of all you're probably sitting on one right now. That little nubbin of a bone called a
“tailbone” you got back there is homologous to the tails of all our vertebrate cousins, even the
ones swimming in the ocean. But it's not much use to us any more, kind of like those limbs on
snakes, so we call it a vestigial structure. You even have vestigial blood vessels. Here's onein
your heart, called the ductus arteriosus. It was useful for delivering blood in our fish ancestors,
but for human adults... not so much. It closes up during our development and becomes, well, a
vestigial structure.

There’'s one more very fascinating human homology which you should know about: the
pharyngeal arches. The pharyngeal arches look kind of like little gills, right? Here's a fish
embryo during the same stage of development. In adult fish the pharyngeal arches develop
into jaws and gills. But since our development has evolved in another direction, gills not being
so adaptive to breathing air on land, our pharyngeal arches develop into jaws and various
structures in your neck. So, these bones and cartilages in your neck and the bones and
cartilages in fish gills are homologous structures. Our lower jaw, which forms from the 1st
pharyngeal arch, is homologous also.
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Chapter 5 Quiz (correct answers are in red)

1. Where would you find the most recent common ancestor of
Agnathans and Primates?

Echinoderms Primates H
(starfish) An:ﬁg;g]}ans (humans)
Agnathans Reptiles
(lampreys) c (lizards) G

2. Amphibians are all of the following, except:

Monotremes
Repliles Primates ‘DIH[?UUSJ
(lizards)  (humans)

Echinogerms

(starfish) . . Amphibians
Chondricthyes {frogs)

Agnathans  (sharks)

(lampreys)

Mammals

Tetrapods
A) Amniotes

Gnathostomes B) Gnathostomes

C) Tetrapods

D) Deuterostomes

Craniates

Deuterostomes

3. Ahomologyis a between species that is due to
A. branch, random chance
B. relationship, natural selection
C. shared trait, common ancestry
D. convergence, environmental pressures
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4. In this phylogenetic tree we can see that isfare a

homology for all tetrapods .

Echinoderms. Amphibians

Monotremes
Repliles

Primates

hair and
mammary

ardy Mammals

Chendricthyes

Agnathans amniotic

lungs and Amnictes

terrastrial
legs
Tetra s

Pk A) the amniotic egg

B) hair
Gnathostomes C) lungs
D) jaws

Craniates E)A and B
FYCand D

Deuterostomes. G) all of the above

5. Your arms are homologous to the forelimbs of all

A

B.
G
D.
E.
F.

Reptiles

Primates
Mammals
Amphibians

All of the above
None of the above

6. (TRUE or FALSE) Shark fins are homologous to our limbs.

7. Bird wings are analogous to

OO >

human arms

bat wings

vestigial snake limbs
insect wings

8. The evolution of bat wings and insect wings is an example of

=Rl A 4

homologous evolution
convergent evolution
speciation

divergent radiation
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9. One example of a vestigial structure in your body is your
lungs

limbs

jaws

. tailbone

ribs

brain

mmo 0wy

10. (TRUE or FALSE) Your jaws, earbones, and various bones and cartilages in your neck are
homolgous to the fish gill arches.
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Beak Niche

A Game of Adaptation




Lesson Plan for Beak Niche

Learning Objectives

1. The student will understand the concept of population.

2. The student will understand what genetic variation is and its effect on observable traits
in a species.

3. The student will know the process of natural selection, which works, through the
environment, on populations with genetic variation.

4. The student will understand how an individual’s fitness is dependent on the
environment. If the environment changes, so might fitness.

5. The student will understand how natural selection causes a population to adapt
differently to different environments.

6. The student will understand the effect of gene flow on a population.
7. The student will understand the effect of genetic drift on a population.

8. The student will know why variation is important to a population’s survival (i.e. because
the environment can change).

Scenario

The game is designed to reinforce the concepts illustrated in Chapter 3: Mechanisms, in the
animation. So, after watching this chapter, the class will pretend to be a population of birds
competing for food in two different environments. There is a shallow-hole environment with
big seeds and a deep-hole environment with small seeds. The population has “genetic
variation” as indicated by the 3 different phenotypes: a green long beak bird with a slick mouth
surface, a blue medium beak bird with an average mouth surface, and a yellow short beak bird

with a rough mouth surface.
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Logistics and Points of Discussion during the game

Conceptually, the game mimics what you would find in nature; that is, it's based on probability.
There are environments with selective pressures and individuals in populations with varying
degrees of fitness, so it is very likely that (A) the populations will evolve and (B) the mechanism
for that evolution will be natural selection. As in nature, the dice are heavily loaded for this
scenario. Also, asin nature, the game does not produce black and white results; it is not
absolute. It is possible your population may not evolve, And it is possible your population may
evolve, but more through genetic drift, and not natural selection (i.e. if the group with the least
fitness somehow manages to be the most reproductively successful - it would be genetic drift
as a result of that particular sample — it is possible, but very unlikely]. The point of the game is

to have some physical object to use to review these concepts and see how they relate.

1. Set up both environments and have 6 students at each environment.

2. Each of the 12 students at an environment will get a phenotype. Start off with 2 of each
phenotype at each environment.

3. The teacher will explain to the class that they are a population of birds and ask the class
if they remember, from the animation, the definition of a population.

4. The teacher will ask the class how they know their population has genetic variation (the
answer is that there are different phenotypes).

5. The students will now take turns (one at a time) trying to get as much food as possible.
They each get two, 10-second turns. Record the food score on the board for each
player, and replace the food after each turn.

6. After they compete for food, the teacher will explain that if they got enough food they
can support reproductive offspring.

7. The teacher tallies the food score on the board and determines the number of offspring
each individual gets:

0 food =0 offspring
1-6food =1 offspring
7-13 food = 2 offspring
14-20food = 3 offspring
21-25food =4 offspring
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T

12.

13.

14,

15.

16.

1.,

18.

19.

Those 12 students replace the food, sit down and the new generation gets up. They get
the same phenotype as their parent. If the class is small they can recycle students.

If needed, the teacher can explain that, while this is a very simplified version of genetics,
it's useful in this demonstration to quickly show a basic selective inheritance of traits.

The new generation will repeat the game. The teacher can repeat this as much as
necessary to demonstrate how different environments, with different selective
pressures can cause populations to evolve and adapt differently.

The teacher will ask the students if their population is adapting to the environment. If
they didn't already go extinct, the answer will likely be yes, in both environments.

The teacher will also ask the students, “For which traits are the environments
selecting?” (answer: beak length and mouth surface)

At some point, the teacher will tell two random students from each environment, in one
generation, to migrate to the other environment. The teacher will ask, “What just
happened? Remember from the animation?” (The answer is gene flow). “Does this
cause the population to adapt? (Most likely it does not).

Then play the game again.

Now, after competing, instead of tabulating offspring in one environment, the teacher
explains how a number of human corporations, motivated solely by profit, begin a vast
wave of deforestation, obliterating an entire ecosystem. All the students at that
environment sit down. No offspring for them. The teacher will ask, “What just
happened? Remember something like this from the animation? Something very
random, and not usually part of the natural environment, causes what??” (answer:
genetic drift). “Did it cause the population to adapt?” (answer: no, they all died)

Play the game again, only for the other environment.

Now the teacher will switch the environments, and asks “So what happens if the
environment changes?”

Play again.

The teacher will ask, “So why do you think genetic variation is so important for a healthy
population?” (answer: because the environment can change)
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Materials Included

1) « population with genetic variation (3 phenotypes) 3) 2 different environments

5w

e

2) a limited resource (food)

large food x25 small food x25

deep environment

Evenly Distribute 25 Food In Each Environment

(5-6 food in larger holes and 2-3 food in smaller holes)

large food N small food
goesin N goes in
shallow environment deep environment

Spawn First Generation

2 of each phenotype at each environment

M.




234

First Generation Competel!

Take turns competing for food one-at-a-time. Each individual gets two,
10-second turns to gather as much food as possible. Keep track of the amount
of food each player gets. Replace the food after each turn.

No Cheating, Pleasel! Reproduce!

You must get the food ¥ The total amount of food
in your mouth. ' you aquired in both turns
determines the number of
offspring you can support.

Tally the results for each individual.

0 food = 0 offspring
cScoobina® d : - 1-6 food = 1 offspring
cooping” does not count. 3 . :
Replace any food that 7-13 food =2 offspr'!ng
flies out by accident. 14-20 food = 3 offspring

21-25 food = 4 offspring

Spawn Next Generation
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Fossil Lab (Teacher Version with Answers)

Lesson Plan for Fossil Lab

Learning Objectives

1.

2.

The student will gain hands-on experience working with tossil casts and replicas.
The student will understand the phylogenetic tree, which is based on homologies.

The student will understand homologies and how they show common ancestry between
species.

The student will use deductive reasoning to discover how these fossil species evolved and
how they are all related.

Instructions

1.

0.

Adier watching the video, place the [ossils on a table (the [ossils are numbered).
Have the students come up with a hypothetical phylogenetic tree, based on what they
think shows the relationships between the species. Allow the students to pick up and

observe the fossil casts.

After forming their hypothesis, have the students read the descriptions of the species and

then match them to the fossils.
Go over the correct answers with the class.

Then have the students fill out the blanks with the correct species in the phylogenetic tree
worksheet. and place the listed homologies in the appropriate spots on the tree.

Have the students complete the post-lab questions.

Have the students evaluate their hypothetical tree and make changes to correct it, 1f’

needed.
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Hypothetica | Tree {take a guess and fill in the blanks with the number lzbels on the species)

Commen Ancestor

7 (or 5)

34



Now observe the fossils and images, and match the description to the correct number of the fossil.

Species descriptions:

1) Coccoderma barvaricum

This Sarcopterygian (“fleshy-finned”) Coelacanth fish, with both pectoral and pelvic fins, was found in
rocks dated 155 million years old. Qlder Sarcopterygians had similar fleshy fins which evolved into the

terrestrial limbs of Tetrapods.

2) Actinocrinites gibsons

This Deuterostome with radial symmetry was discovered in rocks dated at 340 million years old.
3) Bothriolepis canadensis

This ancient fish, known as a Placoderm (“armored fish”) had an extensive dermal skeleton, an
adaptation that functioned as a protective armor, and well-developed spine-like pectoral fins.
Placoderms are some of the earliest known Gnathostomes (jawed vertebrates).

4) Hesperocyon gregarious

This early Canidae species, found in rocks dated over 30 million years old, was an early ancestor to dogs
and it climbed trees. Like modern canid species, it had prominent canine teeth.

5) Archaeopteryx lithographica

This reptile is regarded as an intermediate species between dinosaurs and modern birds. It was found in

rocks dated at 150 million years old.
6) Mesohippus bairdi

This tiny horse species stood only 60cm, and was found in rocks dated about 30 million years ago. Like
the modern horse, it had an interdental region, or space between the front and back teeth.

7) Liaoceratops yanzigouensis

This newly discovered dinosaur species was found in 130 million year old rocks. While being relatively
close in relation to the familiar Triceratops, Liaoceratops was in fact a very tiny dinosaur, stood abeout
one foot off the ground, and weighed about 7lbs.

8) Diplocaulus magnicornis

This amphibian species was found in rocks over 250 million years old. Like other early Tetrapods, it had
a flattened skull with eyes on top of its head.
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Now fill in the in the blanks with the correct species on the phylogenetic tree.

Modern Modern Modern Modern Modern Modern Moderm  Modern Medern
sharks  coelacanths  birds lizards crocodiles  horses dogs frogs sea lillies

Mesohippus
bairdi

Hesperocyon
greqarious

Liacceratops
yanzigouensis

Archaeoptery
lithographica
Coccoderma
barvaricum

Diplocaulus
magnicomis

Actinocrinites

gibsons

Bothriolepis
canadensis

1) After you place the species on the tree, label it with the following homologies:
terrestrial limbs (for walking on land), wings, specialized teeth (hint: look at the skulls!),
radial symmetry, hair, jaws. fleshy fins, paired fins

2) Label the most recent common ancestor of frogs and dogs with the name Tetrapods.

3) Label the most recent common ancestor of crocodiles and all jawed fishes with the name
Gnathostomes.

4) Label the most recent commeon ancestor of all mammals and all reptiles with the name
Amniotes. Also add the homology of the amniotic egg in the correct spot.
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Was your hypothesis correct? Make any necessary corrections.

Common Ancestor

7 (or5)
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Student Handouts

(available on Printable Materials CD)

STARS Evolution

printable materials
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Animation Script

Chapter 1: Introduction

If you were assigned the task to collect individuals from every living species on Earth, how
would you do it? Well, for starters, don’t quit your day job. Or you might want to consider
staying in school, because this task would be completely impossible. Not just for you alone, but
if every person on the planet worked in unison to gather members from every living species,
the task would still not get done. Why is this?

Not only do we not know all species on Earth, we have absolutely no idea how many species
there are on Earth. We don’t even have a good estimate. Every time a team of biologists goes
into, say a tropical jungle, they wind up cataloguing hundreds of new species of insects. This
happens every year. But those are organisms that we can see with the naked eye. What about
all the microorganisms out there? Viruses?! We still haven't decided if they are within the
confines of life. They have their own entire taxonomic system! Scientists have discovered
about 2 million living species, but their estimates for the total number of species living on Earth
range anywhere from 3 -100 million. So, where did all these species come from? They didn't
just pop into existence out of nowhere, at least we've never seen that happen.

This is what we DO know: DNA is a shared trait of all life and, within a population, not only do
gene frequencies change, but DNA recombines and mutates from generation to generation.
Interestingly enough, this is the very definition of Evolution: that is, change in the genetic
material (DNA) of a population of organisms from one generation to the next. This is a fact.
There is no scientific debate on whether or not Evolution exists. It does exist: genetic change
in a population from generation to generation does occur,

We also know why Evolution doesn’t expand populations limitlessly in all directions; Evolution
works through mechanisms, such as Natural Selection. More on that later... But, does
evolution cause new species to arise from older species? Again, this is what we do know: the
fossil record, DNA and protein analysis, comparative embryology, and all the homologies (or
shared traits between species) show that new species do arise from older species. Of course,
this can take thousands, sometimes millions, of years in a process called speciation.

Evolution is the cause for all the variation of life on Earth. Without it there would be no reason
for you to have Biology class. Biology would be meaningless. In fact, the class wouldn't even
exist. There wouldn't be chairs, or desks, or walls. This very animation would cease to be, along
with my voice, because... you would not exist, either.
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Chapter 2: The Fossil Record

S0, where did we get this idea of Evolution? Charles Darwin gave us an explanation for how
evolution works, but where did HE first get the idea? Well, you're standing on it.

The Earth's surface is composed of layers of rock. And some of that is sedimentary rock, in
other words, rock formed from sediment. Now, if you had to guess, which layer do you think
would be the oldest layer in this sedimentary rock? Well, it's the layer on the bottom. Think of
a sand bottle, in which you pour one color of sand that settles to the bottom. We're depositing
“sediment” here. Then you add another color of sand, which settles on top of the first color. In
general, this is how the sedimentary rock of the Earth's surface is arranged, with older layers on
the bottom and newer layers on top.

The data which support this concept is gathered using a technology called radiometric dating
(radioactive carbon dating is one such technigue). If they take a sample of rock from one of
these layers... there will be radioactive atoms in that sample, which have been releasing
particles over time,  This is called decay. And using the rate of decay, scientists can measure
the amount of certain elements to deduce the age of the rock sample. Radiometric dating has
shown that the Earth is about 4 % billion years old, and in sedimentary rock, the oldest layers
are generally on the bottom, with the newer layers on top.

And just like the rocks in the Earth’s surface, certain fossils are found in corresponding layers. If
we focus on the tiny branch of Evolution that is our own vertebrate lineage, this is what we find
in the fossil record. In the oldest rocks on the bottom, we find only life forms without a head.
On top of that we find everything with a head. On top of that we find everything with a head,
jaws, and paired appendages. On top of that we find everything with a head, jaws, and paired
apendages that walk on land. On top of that we find everything with a head, jaws, paired
apendages that walk on land, and hair. And on top of that we find everything with a head,
jaws, paired apendages that walk on land with 2 legs, hair, and a well developed brain.

This fossil record supports evolution because it shows how adaptations expand upon
preexisting structures over time. This is NOT how things were destined to evolve; it’s just how
they did evolve, Evolution is not goal oriented. Soin case you're feeling on top of it all, keep in
mind that these ancestral species split into millions of other lineages, which evolved into all the
species alive today. Now Evolution does not support the idea that any species is “superior” to
any other species. So, we are not like the highest rung of a ladder. There’s no ladder and
there’s no chain of being. We are only one tiny little branch on an ever expanding tree of life.
Instead, you can think of these other living species as our very distant cousins, who are equally

adapted to their respective environments.
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MNow, tectonic shifts (think massive earthquakes, volcanic eruptions, continental drift) have, in
specific areas, disrupted the layers. But geologists can still discern the pattern of rocks. And
remember, they can use radiometric dating to confirm the identity of the layer. This is how
scientists are able to create vast and intricate geological maps, which evolutionary biologists
can then use to find certain fossils. Forinstance, if they are searching for dinosaur fossils they
will know in which layer to look. However, if they were looking for human fossils they wouldn't
find any in this layer because the rocks are too old, and humans had not evolved yet, Rather,
they would know to look in newer rocks to find human fossils.

In a sense, the entire field of Evolution is like a giant jigsaw puzzle. We've put enough pieces

together to know it's there, but there are many pieces that have yet to be found.

Chapter 3: Mechanisms

So, how does Evolution work? First of all, Evolution works on populations, not individuals. So if
you work out and get really fit, socialize and make a bunch of friends, and study really hard and
get very smart, are you “evolving”? Are you “adapting” to your environment? You might
maximize your genetic potential to become a sharper, better looking giraffe. Butin terms of
Evolution, the answer is no because you, an individual, do not evolve or adapt. Populations

evolve and populations adapt over generations.

Now, a population is a localized group of individuals that belong to the same biological species.
This means they can interbreed and produce fertile offspring. Also, populations are kind of a
relative concept (meaning it depends on what you're looking at and how closely you're zooming
in). You might be comparing 2 giraffe populations within one region in Africa. Or, you could be
comparing all the giraffes in that region with all the giraffes in another region. Or, you might
even be observing all the interbreeding giraffes in Africa, and comparing them to a population
of an entirely different species, like: the population of Homo sapiens in your city, country or
planet.

But how do populations evolve and adapt? Well there are a few ways. Let's say we have a
population of giraffes, with some males and some females. The females are watching the males
eat leaves off a tree. And in this activity, we can see some variation in traits. Specifically,
there’s variation in neck length. In fact, we see 3 different phenotypes of neck length in the
males. James has a very long neck and can easily reach the nutrient rich leaves on the tree
tops. Sam has an average length neck and can get just enough leaves to get by. Ben, however,
has a very short neck and can barely get a leaf. This means, that in this environment, James is
the fittest individual for getting enough nutritious leaves to live long enough to reproduce. So,
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this kind of competition (in this case, for food) is one environmental factor in something called
natural selection.

Natural selection is the differential success in the reproduction of different phenotypes (like the
3 giraffes) resulting from the interaction of the organisms with their environment. Now natural
selection causes the population to adapt, because the next generation will likely look more like
James, with longer necks. Another type of natural selection is called sexual selection. Sexual
selection is natural selection for mating success. There's intersexual selection, where members

of one sex are choosy for members of the opposite sex. And then there’s intrasexual selection,
or competition among members of one sex.

But, not all factors in an environment favor the reproductive success of one particular
phenotype. Predation is another factor in natural selection, and often in nature, it can go
against sexual selection. While Sam’s babies might not have the long necks that James’ babies
would've had, they'll be less noticeable to predators. And at least they'll have more sex appeal
than Ben's babies. So, with predation, this is how the population might adapt. Natural
Selection is a balancing of many different environmental factors with many different physical
traits of organisms. But natural selection is just one way populations evolve.

Gene flow refers to the genetic additions or subtractions from a population resulting from the
movement of fertile individuals or gametes. Gene flow is another way a population can evolve.
But gene flow alone rarely causes a population to adapt. But wait, let's not forget about
genetic drift.

Genetic drift is a change in the gene pool of a population that takes place strictly by random
chance alone. 5o in the case of meteor shower... (kaboom!). Also unlike natural selection, it
does not cause a population to adapt. The next generation will NOT be more adapted to
meteors falling on them. That was just a random event that changed our population’s gene
pool.

Oh, | almost forgot. There's one more cause for evolution, and it's something that farmers and
ranchers and animal breeders do for a living. Artificial Selection is the selective breeding of
domesticated plants and animals to encourage the occurrence of desirable traits. In other
words, in artificial selection we are the environment and we select the individuals who will
make it to the next generation. You see these individuals when you cruise the produce section
at the grocery store or your local pet shop. But do populations which evolve through artificial
selection adapt? Take your little puppy and put him out in the Alaskan arctic and he probably
won't fit in so well. Plop him on a sofa in front of a warm fireplace, however, and he will seem
perfectly adapted. So yeah, sure, they adapt to us and the environments we create.



We'll come back to the giraffes in a little bit, but for now, let's go into the laboratory so we can
manipulate the environment to observe changes in a population under the microscope.

In the lab...

Let's say we have a population of microscopic, multicellular organisms. When we look more
closely at their trait for surface area to volume ratio, we discover that there are 3 different
phenotypes. So let’s discuss the different types. One has a low SA/V ratio. In other words, the
outer surface is about as small as it can get for this volume. The type beside it has the same
surface area, but its volume has decreased, so it has a higher SA/V ratio. The last one, with a
deep invagination, has the most surface area per volume, and therefore the largest SA/V ratio.
And because our population has this variation of traits, we say it has genetic variation. Look
around your classroom; it's a population. Does anyone look exactly the same? {Unless your
class has identical twins, probably not) So the population of your classroom has genetic
variation, just like this one. This variation can be plotted on a distribution curve, so we can see
that most of our population has an average SA/V ratio. But few individuals have a very low or a
very high SA/V ratio. So, now that we've analyzed our 3 phenotypes for this trait, and placed
them on a distribution curve, let's see what happens with selective pressures from an
environment. Choose an environment. You can release food, biotoxin, both food and biotoxin
at the same time, or a predator.

The food is a positive, life-sustaining environmental factor for our population. Which type
seems to be the most adapted to getting food? The one with the highest SA/V ratio will have a
higher chance of getting enough food because of its larger SA. So, which type would likely be
the most successful in reproducing offspring in this environment? Yes, the type that is most
adapted to getting food will have a better chance of living long enough and having the energy
to reproduce more, and more successfully. Now what do you think will happen to our
distribution curve in the next generation? It shifts more towards the individuals with the
highest SA/V ratio because they were the best at getting food, and therefore could reproduce
maore. This is a kind of natural selection called directional selection. In this case the “direction”
is towards the phenotype with the highest SA/V ratio.

The biotoxin is a harmful molecule produced by another organism in this environment. If an
individual in our population gets too much biotoxin, it will die. So, what organism is most
susceptible to the biotoxin? The one with the highest SA/V ratio will likely be most affected by
the biotoxin. But which one will be the most reproductively successful? Well, since the one
with the lowest SA/V ratio receives less, it is safest from the biotoxin. Therefore, in this
environment, it is more likely to survive to reproduce. So, in the next generation there will be
more individuals with a lower SA/V ratio. So, what happens to our distribution curve in the next
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generation? It shifts towards the individuals with the lowest SA/V ratio to reflect that there are
more of them being reproduced in this environment. This kind of natural selection is called
directional selection. In this case, the “direction” is towards the type with the lowest SA/V
ratio.

Releasing both the food and biotoxin, a positive and negative stimulus, respectively, at the
same time, will create a more complex environment. 5o, what type is the most adaptive to this
environment? It's hard to say, and in real life there are often an incredible number of
environmental factors, each balancing the benefits and costs of an individual's traits. But
perhaps we find that the type with the average SA/V ratio gets just enough food and avoids the
biotoxin just enough to survive, so that in this environment, we find it to be the most
reproductively successful. But what do you think will happen to our distribution curve in the
next generation? In this environment, our distribution curve will spike in the middle and be
reduced on both sides, showing that in the next generation our population will have even more
individuals with an average SA/V ratio. This type of natural selection is called stabilizing
selection. Think of this as selecting for the most “stabile” or “balanced” set of traits, in
between the 2 extremes,

The predator is a hydra that has adapted to feed on our population. While the hydra can
devour any of the phenotypes, it is specifically adapted to eat the most numerous phenotype,
which are the ones with the average SA/V ratio. So, which phenotype will show the least
reproductive success in this environment? The one in the middle right? Because that’s the type
the predator is most adapted to eat, And what do you suppose might happen to our
distribution curve in the next generation? Well, the individuals with an average SA/V ratio will
decrease and the 2 phenotypes at the extremes will reproduce more. So, our curve would look
something like this. This is a kind of natural selection called disruptive selection. So, the
predator apparently “disrupted” our nice singular curve into 2 smaller curves.

Back to the giraffes...

So... back to our population of giraffes. Little did Patricia and Becky know, and you wouldn't
know it from looking at him, but Ben had a few germ cells tucked away that were carrying some
really awesome mutations. In fact, you might call them super sperm! You see, while there are
many causes of Evolution, there is one cause which rules them all. So what is it that all 4 of
these mechanisms need in order to work? Let's think about this. What if we had started out
with just a population of only Bens? When they compete, get sexually rejected or eaten by
predators, who, if anyone, will survive to mate and reproduce? Ben, right? But he can only
reproduce with more Bens (which is kind of problematic). And if more Bens show up from a
neighboring population, there won't be much gene flow. Nor will genetic drift have any real
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effect if some of the Bens survive whatever random thing happens. And if we wanted to
artificially select to breed giraffes from this population, well, you got your choice of Ben... or
Ben. We need something to get these mechanisms of Evolution to cause... well... Evolution.
What is it?! The answer is genetic variation. Now... what causes this genetic variation? Well,
your variation comes in 2 different varieties. You got new combinations of genes and new
genes... in other words, sex, which recombines existing genes into new genetic flavors, and
mutation, which are little changes in DNA that create new alleles and new genes. So, sexual
recombination and mutation create variation, which allow these mechanisms of evolution to
waork,

Now, here in the forest, some of Ben's sperm, with very rare but awesome mutations, will
recombine genetically with Patricia’s eggs, to make some really fit offspring. Well, these new
guys take off through natural selection, and over many generations they adapt to the forest.
With each new generation they get new mutations and sexual recombination, which leads to
more variation, which allows natural selection and genetic drift to cause Evolution. We're not
around so there's no artificial selection. And Ben and Patricia’s population is reproductively
isolated from other giraffe populations, such as Gene's. Meaning, no gene flow and they're not
mating with giraffes from these other populations. When evolution works like this over long
periods of time (a matter of hundreds of thousands to millions of years), coupled with
reproductive isolation, you get new species. And if you can understand just this much by the
time you get to college, you’ll be... (awesome).

Chapter 4: Embryology

Embryology is the science which studies the development of embryos, from the fertilization of
the ovum to the fetus stage. What does embryology have to do with Evolution? We know that
DNA mutations in the germ-line cells {that is, the egg and sperm) cause changes in the
development of the offspring. And this changes the morphology, or form and structure, of the
adult organism. And over hundreds of millions of years the changes in morphology can
gradually become very great. But how does this idea show relationships between the species?

Well, did you know our embryology still has a lot in common with our recent relatives? Like all
vertebrates, for instance, go through very similar stages of development. We see the following
pattern in all fish, amphibians, reptiles and mammals (including humans). First there comes a
fertilized egg which starts off as a single cell. That cell divides to form two cells in the cleavage
stage, and then many cells in a stage called a morula. This ball of cells forms a cavity, becoming
hollow, and goes through a stage called a blastula. The blastula develops a little hole, which in
all vertebrates becomes the anus, and forms 3 layers of tissue (called endoderm, mesoderm
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and ectodermy}, thereby becoming a gastrufa. And then this develops into a little guy with a
head, eyes, pharyngeal arches (we’'ll talk about those later), 4 limbs and a notochord.

So, how is it that our development has so much in commaon with all these other species? The
answer is that the specific genes, in our DNA, which control development, are essentially
identical to the genes in these other species. We still have a lot of the same genes with the
same developmental functions. These genes include egg polarity genes, segmentation genes
and homeotic genes (or Hox genes). Basically they encode transcription factors which
transcribe the next set of genes in the genetic cascade. This genetic cascade is just like the
domino effect.

First, egg polarity genes divide the egg along the anterior/posterior axis. This tells the egg
where it will form a head and where it will form a tail. Along this axis, segmentation genes
divide the developing embryo into specific areas, or segments. And then homeotic genes, called
Hox genes for short, give those areas a specific identity.

S0, these developmental genes, in general, are very “conserved” in nature, meaning they don't
mutate very much at all. Because when there is a mutation in one of these genes, it affects this
critical early development, which affects everything after that in the genetic cascade, and
almost always results in an unsuccessful organism.

But the question remains, what part of DNA does create successful mutations? If not the very
conserved egg polarity, segmentation, or hox genes, then what? Well, this is what is currently
being researched on the frontiers of evolutionary developmental science, called “evo-deve.”
While conducting research at UTSW Medical Center in Dallas, evolutionary biologist Dr. Trey
Fondon, discovered one possibility for how, or where, DNA mutates. He studied many breeds
of dog skulls and the variation in their morphology. He scanned the skulls with a 3d laser and
found mathematical relationships in their shapes. The mutations he found in their DNA were
tandem repeats of triplet DNA code upstream from the Hox genes controlling the skull
maorphology. This would allow for more or less transcription of the developmental protein,
which would affect skull morphology. Evolution almost never takes the simplest path, but
that's what makes it so fascinating. And there's so much more out there left to discover about
how genes mutate and affect Evolution.

Chapter 5: Phylogeny

Ehylogeny is the evolutionary history of a species or group of related species. Meet your
extended family tree for the last 400 million years. At these nodes are all the living species that
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you can go observe today. And at these nodes are representations of our common ancestors
with these species. Every year, as we uncover more fossils and gain better technologies science
is improving our understanding of what these ancestor species looked like. So these are visual
estimates which are becoming more definite over time, Also keep in mind that thisis an
incredibly simplified version of a phylogenetic tree. If we were to zoom in on just one of these
branches we would see many smaller branches of species.

Phylogenetic trees are often just represented like this, to simplify matters. So, where would
you find our most recent common ancestor with Amphibians? The node representing Tetrapods
is correct. Your genetic link to a frog or salamander was a four-limbed Tetrapod with air
breathing lungs. Now can you find the most recent common ancestor of all Chondrichthyes and
all Reptiles? A fish with jaws and paired fins was the common ancestor between these two
groups. It was a Gnathostome, and this fish was also our ancestor. And because this
represents a part of our lineage, it means that humans are also Mammals, Amniotes,
Tetrapods, Gnathostomes, Craniates, and Deuterostomes. But we are also 50 much more, Qur
DNA is a shared trait that relates us to all life, like trees and even bacteria.

Which leads to the guestion, what is this so called “phylogenetic tree” based on? In other
words, how do we know that the puzzle pieces fit together just like this? Well, a phylogenetic
tree like this one is based on something called homologies. A homology is a shared trait
between species that is due to common ancestry. Sometimes biologists refer to homologies as
“synapomaorphies.” When a homaology is structural we call it a homologous structure.

We can label our tree with some homologous structures like this. These are certainly not all the
homologous structures, but just a few to give you an idea of how this works. Now, when we
label this with homologous structures, it means that every group after has that structure, or
something homologous to that structure. So, looking at the homologous structures on this
phylogenetic tree, which group or groups have terrestrial legs? Yes, all tetrapods originally had

legs that evolved to walk on land. That includes mammals, reptiles, and amphibians.

S0 we can say that your arms and legs are "homologous” to the arms and legs of any
amphibian, reptile, or mammal. These are homologous structures; our ancestral tetrapod
evolved legs that walked on land and amphibians, reptiles and mammals continued to evolve
those legs. Do you see how in all these limbs there is a very similar arrangement of bones? But
then what about this fish fin? Pretty different arrangement right? We do know, however, that
our tetrapod limbs evolved from fish fins, But how do we know this? How do we know this
when both the structure and function of fish fins are different than the structure and function
of our arms and legs?
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This is where current DNA research enters the picture. Remember those hox genes from the
previous chapter, the ones that control those critical stages of embryological development?
Well it just so happens that these hox genes regulate another gene called Sonic Hedgehog
(named after the video game}, which controls development of both fish fins and our arms and
legs. So we know that even shark fins are genetically homologous to our arms and legs, which
makes them homologous structures. So all “Gnathostomes,” which are jawed vertebrates and
include everything from sharks to mammals, have homologous limbs.

OK, so what about insect legs or wings? Are they homologous to all of these other homologous
structures? Actually, no. We can trace our phylogenetic lineage back to when our aguatic
ancestors had no fins... no limbs at all. But our common ancestor with arthropaods, including all
insects, lived millions of years before this. So, the insects developed their limbs independently
from ours in a process known as convergent evolution: that’s when a similar, but not
homologous, trait evolves in two or more distinct lineages. And we call that trait an analogous
structure. These are structures which have similar functions but evolved separately. Therefore,
insect limbs and vertebrate limbs are called analogous structures.

Now, | said all reptiles have limbs which are homologous to our limbs, right? And that includes
birds because they are actually reptiles that evolved from dinosaurs. That's right.
Phylogenetically speaking, the dinosaurs are still roaming... and er, flying over.., the planet,

And their wings are analogous to insect wings but homologous to our arms. But how about
snakes, they're reptiles right? Where are the homologous limbs? They don’t appear to have
ANY limbs... or do they? In truth, some snakes, like boas and pythons, do still develop little hind
limbs when they're embryos, and the limbs remain as vestigial structures in the adult.

MNow, a vestigial structure is a homologous structure which has lost all or most of its original
function through Evolution. So do humans have any vestigial structures? Yeah, lots of them.
First of all you're probably sitting on one right now. That little nubbin of a bone called a
“tailbone” you got back there is homologous to the tails of all our vertebrate cousins, even the
ones swimming in the ocean. But it's not much use to us any more, kind of like those limbs on
snakes, so we call it a vestigial structure. You even have vestigial blood vessels. Here's onein
your heart, called the ductus arteriosus. It was useful for delivering bload in our fish ancestors,
but for human adults... not so much. It closes up during our development and becomes, well, a
vestigial structure.

There's one more very fascinating human homology which you should know about: the
pharyngeal arches. The pharyngeal arches look kind of like little gills, right? Here's a fish
embryo during the same stage of development. In adult fish the pharyngeal arches develop
into jaws and gills, But since our development has evolved in another direction, gills not being
so adaptive to breathing air on land, our pharyngeal arches develop into jaws and various
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structures in your neck. So, these bones and cartilages in your neck and the bones and
cartilages in fish gills are homologous structures. Our lower jaw, which forms from the 1st
pharyngeal arch, is homologous also.
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Chapter 1 Quiz

2

(TRUE or FALSE) We've known for a long time exactly how many species there are on

Earth.

All of the following are based on empirical observations which support evelution,

except:
A. The Fossil Record
B. DNA and protein analysis
C. Comparative Embryology
D. Allthe shared traits between species.
E. One’s personal religious faith.
Evolution is
A. the same thing as Natural Selection.
B. atheoretical fringe science of Biology.
C. kind of interesting, but not that useful.
D. the change in the genetic material of a population of organisms from one
generation to the next.
E. adapting to your environment to become the superior organism.

(TRUE or FALSE) Evolution is “just a theory,” and there are other theories out there
which can explain the same biological phenomena.



Chapter 2 Quiz

1. Fossils are

A
B.
[

randomly scattered in the Earth’s surface.
in layers, with the newer fossils beneath the older fossils.
in layers, just like the rocks in the Earth’s surface, with the newer fossils on top

of the older fossils.

. in layers of no chronological significance.

2. Which of these statements is true about the Earth's surface?

A,
B.
E
D. It's been disrupted by tectonic shifts, but geologists can still discern the pattern

- om

The older layers of sedimentary rock are generally under the newer layers.
The newer layers of sedimentary rock are generally under the older layers.
It's been disrupted by tectonic shifts so much that we cannot discern its history.

of rocks and their history.
Both A and D are true.
Both A and C are true.

. Both B and C are true.

3. Radiometric dating

A,
B.
E.

uses the compounds of radioactive atoms to prove the existence of fossils.
has shown that the Earth is about 4.5 billion years old

uses the rate of decay in certain radioactive atoms to determine the age of a
rock sample.

D. Both A and B are true.

Both B and C are true.
Both A and C are true.

4. (TRUE or FALSE) In the fossil record, mammals can be found in any geological layer.

5. In the fossil record

A,

mono®m

organisms with heads are not found below a certain geological layer.
organisms with jaws are not found below a certain geological layer.
organisms with hair are not found below a certain geological layer.

. All of the above are true.

None of the above are true.
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(TRUE or FALSE) Some organisms without heads evolved after the first organisms with
heads.

(TRUE or FALSE) Humans are the superior species on the planet because they are so
intelligent. In a sense, they are the highest rung on the evolutionary ladder.

In the fossil record
A. creatures with hair evolved before the first creatures with jaws.
B. creatures with jaws evolved before the first creatures that walked on land.
C. creatures that walked on land evolved before the first creatures evolved with
heads.
. Creatures with jaws evolved after the first creatures with heads.
B, Cand D are correct.
B and D are correct.

G mmo

. None of the above are correct.

o
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Chapter 3 Quiz (Part 1)

1. Evolution works on
A. individuals
B. communities

C. ecosystems

D.

populations

2. A population is a localized group of individuals that
A. belong to the same species.
belong to different species.
can interbreed and produce fertile offspring.
. do not migrate and are not part of any other group.
Both B and C are correct.
Both A and C are correct.

o mMmmon®m

. None of the above are correct.

3. Natural selection is the differential success inthe _ of different phenotypes

resulting from the interaction of the organisms with their ___
A. competition, species
B. attraction, sexual selection
C. avoidance of predators, population
D. reproduction, environment

4, Two rams butting heads for the female sheep (ewes) is an example of
A. intersexual selection.
B. intrasexual selection.
C. primitive male bonding.
D. true love.

5. Sexual “choosiness” for members of the opposite sex is
A. intersexual selection,
B. intrasexual selection.
C. good fashion sense.
D. completely random.

6. Natural selection might involve all the following, except:
A. competition for food
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B. predation
C. sexual selection
D. genetic drift

7. Afew fertile members of one population move to another population. This isan
example of
A. heterozygous advantage
B. genetic drift
C. gene flow
D. the founder effect

8. Genetic drift causes evolution strictly by
A. meteor showers
B. random chance
C. surprise
D. adaptation

9. Which of these causes a population to adapt?
A. genetic drift
B. natural selection
C. gene flow
D. all of the above

10. An example of artificial selection is
A. humans breeding dogs from wolves,
B. bacteria having antibiotic resistance.
C. humans growing Gala apples to eat.
D. bothAandC
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Chapter 3 Quiz (Part 2)

11. The mode of natural selection represented in the
population distribution curves below is

generation 1 generalion 2
pheralype phenobype

A directional selection
B stabilizing selaction
C) disruptive selaction

12.The mode of natural selection represented in the
population distribution curves below is

generation 1 generation 2
vherolype phenolype

A directional selaction
B) stabllizing selection
C) disruptive salaction

13. The mode of natural selection represented in the
population distribution curves below is

generation 1 generation 2
pherotype phenotype

A directional selection
B) stabilizing selection
C) disruptive selection

@
@
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14. The mechanisms of natural selection, gene flow and genetic drift are dependent on a
population’s , to cause evolution.

a.

b
c
d

genetic substitution
genetic variation
dominant phenotype
adaptation

15. Genetic variation in a population is generated by

a.

mo oo o

mutation

sexual recombination
adaptation

natural selection

Both A and B are true.
None of the above are true.

16. For a new species to evolve, a population needs

a.

b.
[
d.

genetic drift

gene flow

adaptation
reproductive isolation

o

@
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Chapter 4 Quiz

1. Mutationsinthe _ cellschange __ ,whichchanges_____ inthe adult
organism .
A. somatic, morphology, development

B.
C.
D. single, recombination, selection

germ, embryological development, morphology
stem, ontogeny, phylogeny

2. (TRUE or FALSE) All vertebrates (mammals, reptiles, amphibians and fish) go through
very similar stages of embryological development.

3. Species have similarities in development with other species because of the conservation

of similar developmental

A.
B.
[ o
D

. patterns.

embryos.
cells.

genes.

4. Developmental genes include all the following, except:

A,
B.
C.
D. m-transcader genes

homeotic genes

egg polarity genes
segmentation genes

5. Hox genes are very conserved among the species because

A.
B.
C.
D. they determine where the single cell embryo will form a head and where it will

they are responsible for critical stages in embryological development.
they mutate more than other genes.
they are the “genetic blueprint” for all the higher species.

for a tail.

6. Current research has shown that the evolution in dog skull morphology has occurred

maostly because of

A,
B.
=8
D. embryological conservation.

translocations in maternal effect genes.
duplications in segmentation genes.
tandem repeat mutations of triplet DNA code in cis-regulatory regions.
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Chapter 5 Quiz

1. Where would you find the most recent common ancestor of
Agnathans and Primates?

Echinoderms i Primates H
(starfish) ""}5{,‘;‘;‘,’ e (husmans)
Agnathans F\'Ie_gtrl‘lﬁa
(lampreys) c (lizards) G
/l F
E

2. Amphibians are all of the following, except:

Manstremes

Frhinamams Neptites  panaws  (DIEVDUS)H

(starfinh)

Amghibians
Chondrictes  4ir

y (hzarde)  (humans)
35} -
Agrathars  (sharks)
{lamprays) Mammals
Telrapods
A) Amniotes
Gnathostomes B} Gnathostomes
Cramates ChTekanads
D) Deutzrostomeas
Dauterosiomeas

3. Ahomologyisa between species that is due to
A. branch, random chance

B. relationship, natural selection
C. shared trait, common ancestry
D. convergence, environmental pressures
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4. In this phylogenetic tree we can see that isiare a

homology for all tetrapods .

Ecvnadarms

5. Your arms are homaologous to the forelimbs of all
A,

Agnathans

B
[
D.
E
F

Monolremss

Fepiles  primates

hair ang
mammary

Ampribiana

Shandricthyes Mammals

glance

Amnintic
L]

\

tegs
\ Telrepoda ) e amniotic egg
B} hair
Gnathostomes C) lungs
D) iaws
Craniates E)A and B
F)y ¢ and D

lunge and Amnioles

Deuterostemes G) all of the above

Reptiles

Primates
Mammals
Amphibians

All of the above
None of the above

6. (TRUE or FALSE) Shark fins are homologous to our limbs.

7. Bird wings are analogous to

onw®p

8. The evolution of bat wings and insect wings is an example of __
A.
B.
C.
D. divergent radiation

human arms

bat wings

vestigial snake limbs
insect wings

homologous evolution
convergent evolution
speciation
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9. One example of a vestigial structure in your body is your ___
lungs

limbs

jaws

. tailbone

ribs

mmono®erP

brain

10. (TRUE or FALSE) Your jaws, earbones, and various bones and cartilages in your neck are

homaolgous to the fish gill arches.
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Materials Included

1) a population with genetic variation (3 phenotypes) 3) 2 different environments

g

2) alimited resource (food)

large food x25 small food x25

deep environment

Evenly Distribute 25 Food In Each Environment

(5-6 food in larger holes and 2-3 food in smaller holes)

large food ] small food
goesin 7 AN goes in
shallow environment deep environment

Spawn First Generation

2 of each phenotype at each environment
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First Generation Competel!

Take turns competing for food one-at-a-time. Each individual gets two,
10-second turns to gather as much food as possible. Keep track of the amount
of food each player gets. Replace the food after each turn.

W ¥
A

-

No Cheating, Please! Reproducel!

You must get the food a8 The total amount of food
e you aquired in both turns

determines the number of
offspring you can support.

in your mouth.

Tally the results for each individual.

0 food = 0 of fspring

.s e > . 1-6 food =1 offspring
cooping” does not count. : - .

Replace any food that 7-13 food = 2 offspr!ng

flies out by accident. 14-20 food = 3 offspring

21-25 food = 4 offspring

Spawn Next Generation
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Fossil Lab
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Hypothetical Tree (take a guess and fill in the blanks with the number labels on the species)

Common Ancestor

G



Now observe the fossils and images, and match the description to the correct number of the fossil.

Species descriptions:
Coccoderma barvaricum

This Sarcopterygian {“fleshy-finned") Coelacanth fish, with both pectoral and pelvic fins, was found in
rocks dated 155 million years old. Older Sarcopterygians had similar fleshy fins which evolved into the
terrestrial limbs of Tetrapods.

Actinocrinites gibsons
This Deuterastome with radial symmetry was discovered in rocks dated at 340 million years ald.
Bothriolepis canadensis

This ancient fish, known as a Placoderm ("armored fish"”) had an extensive dermal skeleton, an
adaptation that functioned as a protective armor, and well-developed spine-like pectoral fins.
Placoderms are some of the earliest known Gnathostomes (jawed vertebrates).

Hesperocyon gregarious

This early Canidae species, found in rocks dated over 30 million years old, was an early ancestor to dogs
and it climbed trees. Like modern canid species, it had prominent canine teeth.

Archaeopteryx lithographica

This reptile is regarded as an intermediate species between dinosaurs and modern birds. It was found in
rocks dated at 150 million years old.

Mesohippus baird!

This tiny horse species stood only 80cm, and was found in rocks dated about 30 million years ago. Like
the madern horse, it had an interdental region, or space between the front and back teeth.

Liooceratops yanzigouensis

This newly discovered dinosaur species was found in 130 million year old rocks. While being relatively
close in relation to the familiar Triceratops, Liaoceratops was in fact a very tiny dinosaur, stood about
one foot off the ground, and weighed about 7lbs.

Diplocaulus magnicornis

This amphibian species was found in rocks over 250 million years old. Like other early Tetrapods, it had
a flattened skull with eyes on top of its head.
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MNow fill in the in the blanks with the correct species on the phylogenetic tree.

Madern Modern Madern Modern Maodern Modem Madern Madern Modern
sharks  coelacanths  birds lizards  crocodiles  horses dogs frogs sea lillies

1) After you place the species on the tree, label it with the following homologies:
terrestrial limbs (for walking on land), wings, specialized teeth (hint: lock at the skulls!),
radial symmetry, hair, jaws. fleshy fins, paired fins

2) Label the most recent common ancestor of frogs and dogs with the name Tetrapods.

3) Label the most recent common ancestor of crocodiles and all jawed fishes with the name
Gnathostomes,

4) Label the most recent common ancestor of all mammals and all reptiles with the name
Armniotes. Also add the homology of the amniotic egg in the correct spot.

G



Was your hypothesis correct? Make any necessary corrections.

Common Ancestor
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