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The purpose of this project was to design and produce a lightweight scientific suitcase 

teaching tool that ninth grade high school science educators may implement into their 

curriculum when teaching students the concepts about genetic mutations. Contained 

within the suitcase are an animation, card game, hands-on models, and display posters, 

along with a teacher’s instruction manual.   This scientific suitcase was created in an 

attempt to fill in the apparent lack of information over genetic mutations that is present in 

current Texas high school textbooks and resources.   It may assist students in better 

preparing for standardized testing by giving their educators an all-in-one module that can 

give the classroom extensive information on genetic mutations, all in one easy to carry 
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suitcase.  The suitcase components have been evaluated for their effectiveness and appeal 

by current educators, from 8
th
 grade to college level, who specialize in multiple fields of 

science.  The scientific suitcase’s impact on students’ performance and comprehension 

will be tested by STARS and DISD once it has been fully integrated into the science 

classroom curriculum.    
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Deletion - The loss, as through mutation, of one or more nucleotides from a chromosome. 

Duplication - The occurrence of a repeated section of genetic material in a chromosome. 

Genetics - The branch of biology that deals with heredity, especially the mechanisms of 

hereditary transmission and the variation of inherited characteristics among similar or 

related organisms. 

Genetic Mutation - Any event that changes genetic structure; any alteration in the 

inherited nucleic acid sequence of the genotype of an organism 

Histone - Any of several basic proteins that, together with DNA, make up most of the 

chromatin in a cell nucleus. 

Insertion - The addition, as through mutation, of one or more nucleotides on a 

chromosome. 

Inversion - A chromosomal defect in which a segment of the chromosome breaks off and 

reattaches in the reverse direction. 

Nucleosome - Any of the repeating subunits of chromatin, consisting of a DNA chain 

coiled around a core of histones. 

Point Mutation - A mutation in which one nucleotide is added, deleted, or replaced by 

another. Point mutations include missense, nonsense, frameshift, and silent mutations. 

Silent Mutation - Relating to a mutation that changes a nucleotide in a codon without a 

difference in the amino acid for which it is coded 

Transition - A point mutation in which a purine is replaced by a purine, or a pyrimidine is 
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Translocation - A transfer of a chromosomal segment to a new position, especially on a 

non-homologous chromosome 

Transversion - A point mutation in which a purine is replaced by a pyrimidine, or a 
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CHAPTER ONE 

Introduction 

 

GOAL 

 

The primary goal of this presented thesis project is to create a pragmatic, lightweight and 

portable scientific suitcase module which includes a hybrid card/board game, a short-

length animation, hands-on physical model, demonstration video and full length posters 

that 9th grade science educators can utilize in teaching students basic and advanced 

concepts of genetic mutations.  All components of this suitcase are contained within a 

small, flexible backup and carrying tube case. This suitcase is the sixth in a series of 

seven planned modules, produced for the Science Teacher Access to Resources at 

Southwestern (STARS) Science Triathlon.  This program was developed with 

collaboration from the Department of Biomedical Communication and the University of 

Texas Southwestern Medical Center Graduate School, the Dallas Museum of Nature and 

Science, the Dallas Interdependent School District (DISD), and Advanced Placement 

Strategies (APS) program with funding provided through a sizable grant from the 

Howard Hughes Medical Institute. Additional support has been provided by the 

University of Texas Southwestern Graduate School, and the O’Donnell Foundation 

which specializes in strengthening math and science programs in Texas.  
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OBJECTIVES 

 

The initial objective was to determine what information should be included to be 

presented to the target audience.  To achieve this objective it was necessary to design 

interesting, visually appealing aids that simplified and clearly explained the basic and 

advanced mechanisms of genetic mutations. This led to the second objective of creating a 

dynamic 2-dimensional animation that delineated the known and theoretical mechanisms 

of genetic mutations, in a style that students would find appealing.  The third objective 

was to create a hands-on model of a “nucleosome” that could be extensively manipulated 

by the educator and students.  The purpose of the hands-on model was to teach the 

students the theoretical functions of a nucleosome in the process of genetic mutations, 

with emphasis in super-coiling.  A fourth objective involved the creation of a game that 

would separate students into teams and place them into competition with one another, 

allowing students the opportunity to utilize their knowledge of genetic mutations to 

skillfully defeat the opposing team.  The fifth objective was to create a schematic that 

educators could use to show students the vast difference in size that exists, even at the 

genetic level, between different genetic structures, such as nucleotides and a 

chromosome.  The sixth and final objective involved designing all the individual 

components so they could be stored and carried in a small, lightweight case that could be 

easily moved and carried by an educator. 

 

 

 

 

 



3 

 

Focus 

 
 

Overall, the primary focus was to create a lightweight, engaging scientific suitcase on 

genetic mutations that could assist 9th grade biology educators in enriching their science 

programs, possibly making the educational process more interesting and captivating for 

their biology students. This suitcase concentrates on basic and advanced concepts of 

genetic mutations, going beyond the singular concept of frame-shift mutation that is often 

seen in the TAKS testing samples. With this suitcase, it was my intention to create a 

flexible science module with engaging components that DISD educators could easily 

follow and implement successfully into their science courses through their daily lessons 

and class time.  The potential of this science suitcase lays in the fact that with the 

recommended implementation it may help students better comprehend the different 

mechanism of genetic mutations and their results. 

 

Background 

 

Triathlon 

 

In 2007, the STARS (Science Access to Resources at Southwestern) program designed a 

three-part science-enrichment program titled the STARS Science Triathlon. Currently an 

on-going project, the Triathlon is composed of three sections in which DISD teachers 

may participate.  These events are held either during regular school semesters or over the 

summer months, and the information and activities from one event often tie over into 
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another event. The Triathlon spans a fifteen month period, and includes a twelve day 

summer workshop, mini-symposia held through the academic year and an eight-week 

research project held the following summer break where teachers participate alongside 

University of Texas Southwestern Medical scientists.   

 

The Triathlon is generally offered to 10 participating teachers from DISD each year and 

covers the core scientific topics that are required by the Texas Education Agency. These 

topics are enumerated in the Texas Essential Knowledge and Skills (TEKS).  Currently, 

the 2010-2011 TEKS covers scientific areas in aquatic science, astronomy, biology, 

chemistry, earth and space science, environmental systems, integrated physics and 

chemistry, and physics.  This scientific suitcase, along with the previous five suitcases, 

has been designed to assist in the teaching of biological concepts, such as photosynthesis, 

enzymes, membranes, organelles, evolution, and mutations. The first Triathlon event 

consists of workshops where teachers are guided by specialized educators on how to hone 

their scientific skills for more effective use in the classroom, while emphasizing the core 

science topics listed in the TEKS.  During the academic years, the selected educators will 

attend at least half a dozen mini-symposia that delve further into the core topics. The 

third and final event includes research conducted by the educators, alongside University 

of Texas Southwestern Medical scientists, where they utilize the experience and 

information gained from previous events and laboratories.   

 

Integrated into the laboratory activities taught during the Triathlon are fully functioning, 

portable, scientific modules known as science suitcases. The suitcases have been 
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designed as portable exhibits that explain in-depth one of the core science topics found in 

the TEKS.  The suitcases may contain animations, hands-on physical models, table-top 

and video games, demonstration videos and supplies for wet-lab experiments.    

 

Student Learning Styles  

A widely employed learning style that is currently utilized in educational settings is the 

VARK method.  Proposed by Neil Fleming’s 1992 work titled Not Another Inventory, 

Rather a Catalyst for Reflection, this learning style approaches teaching by proposing that 

teachers should help students find their learn pattern, the method which they learn best in 

an educational setting.   VARK stands for Visual/Audio/Read/Kinesthetic.  According to 

Fleming, students prefer learning through one of four methods.  Some students will either 

prefer learning through a “preference for graphical and symbolic ways of representing 

information” manner, as seen in visual learners.  Some students, the audio learners as 

they are known, will gravitate towards “a preference for "heard" information.”  Other 

students will prefer to learn through “preferences for information printed as words.” 

These are the read learners.  And finally, those that prefer a hands-on approach will be 

known as kinesthetic learners (Fleming). 

 

Open Cooperation in the Classroom 

Studies suggest that an environment of open cooperation, where students can support one 

another in the reaching of an academic goal, can be a very beneficial environment that 

may be conducive to the learning of science. Classrooms where learning is through social 

interactions, where there is open cooperation between students of the class while trying to 
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reach an academic goal, produces an environment that “can foster student engagement 

with topics that may not have previously held interest” for them (Olitsky).  An avoidance 

of social interactions during the teaching of lessons could negatively affect the students’ 

achievement and “reduce the likelihood they will seek out professions and/or interests 

that involve science” (Olitsky). 

   

Texas Science Knowledge Requirements for High School Students  

The Texas Education Agency (TEA) has developed an enumerated list of core science 

topics with expanded concepts that students should comprehend by the end of their final 

high school year (Texas Education Agency).  Published as the Texas Essential 

Knowledge and Skills (TEKS), these concepts are tested in a state-wide standardized test 

required by the TEA.  Known as the Texas Assessment of Knowledge and Skills 

(TAKS), students throughout the state of Texas test their knowledge of these core 

scientific concepts by periodically submitting to TAKS testing.   Currently, students are 

given the TAKS test during their tenth, eleventh and twelfth grade school year.  The 

questions are based on the knowledge that students should have acquired in previous 

years of education. As of this time, TEKS requires that students understand the changes 

that mutations can bring about to the existence of an organism, and how these changes 

can impact the affected organism.   
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Scope of the Project 

 

The scope of this thesis was limited to level-appropriate learning materials for ninth 

grade students. The materials incorporated into the suitcase had to be easily replenished, 

with an initial production cost to not exceed $3500 total for fabrication. The cost to 

maintain the individual components for at least ten uses per year could not exceed $1000.   

The written material, such as game guides for educators and students, was made to be 

durable but also to be easily replicated on any black and white copier.   The animation 

had to be formatted to run on a PC or Apple system, and on a DVD player, while still 

retaining a high quality of resolution so it could streamed directly from the internet.  

Optimally, the hands-on models had to be primarily light enough to not weigh down the 

carrying case and still have enough resistance to withstand handling by the students. The 

board game had to be flexible enough to withstand three years of use, and still fit into a 

compact case in a comfortable and easy to install manner.  Lastly, it would be optimal to 

have all individual components within the suitcase resist breaking, tears or rough 

treatment, exposure to extreme temperature variations due to storage or transportation, 

and resist humidity if ever doused or soaked by any liquids.   

 

Significance 

 

The learning materials available to ninth grade students learning biology, specifically 

genetic mutations, have advanced considerably when compared to previous decades.   

Despite these advances, the visual materials often employed are ineffective, many times 
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confusing.  Standardized Texas high school textbooks do not provide extensive, detailed 

animations on genetic mutations.  They also lack updated information on certain 

scientific discoveries, such as the currently accepted functions of nucleosomes in 

epigenetics.  Many classrooms do not have access to hand-on models, specifically models 

that are subject-specific (Carolina).  Students would benefit from having access to hands-

on models since a hands-on learning approach has “a substantial positive effect on 

science achievement.” (Areepattamannil).  Board games are an effective approach to 

teaching, either using a classic board game that has been modified for classroom use, or a 

subject-specific game designed specifically for a particular course.   “New board games 

involve a sophisticated thought process that challenges kids to think critically,” (Harris 

2009) which can lead to greater comprehension of the material being taught.      

 

This scientific suitcase could provide educators with a versatile resource that could aide 

them in teaching students complex biological concepts, while increasing the students’ 

overall chance to retain the knowledge and exhibit a deeper understanding of the 

scientific processes being taught in the high school science classroom.  Educators from 

DISD will have the option to utilize this scientific module, similar to any of the other 

scientific modules in the series, in their classroom and at no extra cost to them.  The 

utilization of this suitcase can help better illustrate complex science concepts in a more 

effective, dynamic and appealing manner than most standardized current teaching 

materials permit.  Specifically, this scientific suitcase can assist educators by providing 

resources that not only dynamically explain the basic and complex notions of genetic 

mutations, but that may in the long run help improve overall understanding of genetics 
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and the newer theories that are being widely accepted in this field of science.  This goal 

may be reached with the components within, which include an animation, a fully 

designed board game, a malleable hands-on model and several full length posters.   

 

As with all of the scientific modules in the STARS program, this suitcase will be 

maintained and distributed by the STARS program. 

 

Evaluations 

 

The scientific suitcase was shown to DISD educators in two separate symposia.  The first 

exhibition of the suitcase showed the conceptual work in progress of the individual 

components, while the second exhibition showed the finished products and the intended 

manner of their use.  Both exhibitions of the suitcase were done in two of the mini-

symposia held during the academic school year.  After each exhibition, educators then 

participated in an informal, non-scientific evaluation of this suitcase which included 

twenty-three questions for the first survey and twenty-eight questions for the second. 

The suitcase’s influence on students’ interest, performance and retention will be tested 

independently by DISD, and evaluated by STARS, once the suitcase has been fully 

incorporated into the DISD science curriculum.  
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CHAPTER TWO 

Review of the Literature 

 

GOAL 

 

The overall purpose of the literature review was to find, with supporting evidence, the 

need for a scientific suitcase based on genetic mutations.  Areas studied included Texas 

Essential Knowledge and Skills (TEKS) and its core concepts, current test results for high 

school science students who were administered the Texas Assessment of Knowledge and 

Skills (TAKS) exams, current educational books that deal with biology, literature based 

on designing animations and games for educational purposes, and informational studies 

on the success of animations, games and hand-on models in the science classrooms.     

 

Relevant Literature 

 

Starting Point 

The previous theses posted by Brenda McArthur (McArthur) and Corbyn Beach (Beach) 

were invaluable initial research tools.  Both projects provided sound and invaluable 

references that could be utilized in this scientific module since they too created scientific 

modules for the STARS program.   

 

TEKS 

 TEKS enumerates the expected concepts that Texas students are expected to learn and 

comprehend.  Under the section for high school biology, references to genetic mutations 



11 

 

are made and the concepts therein expected to be learned.  TEKS states that students must 

“identify and illustrate changes in DNA and evaluate the significance of these changes” 

(Texas 4).  It also states that students must comprehend how mutations can have an 

influence in the concept of evolution.  Yet, examples of previous TAKS exams greatly 

favor questions about frame-shift mutation, an important phenomenon, but only one of at 

least six different basic types of genetic mutations.  Questions over other types of genetic 

mutations are found to be at a minimum throughout recent TAKS examinations.  Also 

noticeable is the lack of questions over histones, nucleosomes or any other genetic 

structure that could influence genetic mutations directly.   

 

This could be an important note of interest should an educator decide to teach only those 

exact points expected to be asked in TAKS examinations, potentially omitting other 

important concepts of genetic mutations. 

   

TAKS 

The Texas Education Agency annually publishes the results of the Texas Assessment of 

Knowledge and Skills (TAKS) administered to Texas elementary, junior high and high 

school students.  TAKS has a set standard goal, or minimum score, which students must 

reach to successfully complete the examination.  The summary review for TAKS 2008 

(Texas 2) test results showed that overall 64% of students had successfully met the 

standard goal set for the science portion of the TAKS.  In the 2009, the summary review 

for TAKS (Texas 3) showed a slight improvement of 2%, with 66% of students 

successfully completing the science portion.  The TAKS 2010 (Texas 4) test has shown a 
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significant improvement of 8%, with 74% of students successfully meeting the standard 

goal of the science portion.  Also of interest, the summary reviews show that for 2008, 

2009 and 2010, only 14%, 13% and 17% of students passed with a high enough TAKS 

science grade to be considered commendable, respectively.  A commendable grade 

implies a higher than average test score.    

 

Despite the large improvement in the latest summary review, state-wide 1 out of 4 

students do not possess the needed scientific knowledge to properly pass the science 

portion of TAKS.  Furthermore, a low percentage of those students actually passing had 

achieved a higher-than-average grade.    

 

Researched Literature 

Part of the motive for low comprehension by the students may be due to the lack of 

effective studying materials.  This may include textbooks with limited information and 

visual aids, animations that have limited scope and quality, and lack of appropriate 

hands-on models or games that are appropriate or specific to the subject being taught. 

 

Textbooks 

Of previous use in Texas schools is the Holt Biology science text book.  Revision of a 

past edition of this science book shows that roughly a page and a half is devoted to 

genetic mutations, with limited information provided for the different mechanisms of 

mutations.  For example, the textbook notes that in “a deletion mutation, segments of a 

gene are lost, often during meiosis” (Johnson).  This sentence is the extent of the text 
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devoted to the mechanism of the genetic mutation for that of deletion.  Half of the known 

basic genetic mutations are mentioned, while others are omitted entirely.   

 

The accompanying artwork for the section is a small series of static images, simple colors 

with arrows to indicate movement or alterations, with no clear flow or graphic legend.  A 

study in which 393 students were shown either non-narrated animations or static graphics 

with or without legends showed that static figures with legends “enhances long-term 

memory retention,” in comparison to those static images that do not provide legends 

(O’Day 2).  This could assist in providing greater retention of information.  Other texts 

dedicated to biological studies, such as Kimball’s Biology (Kimball) online textbook, 

provides greater information on the varying types of genetic mutations, causes, 

mechanisms and consequences.  Yet, the graphics that accompany the information are 

low-quality static images, with unclear legends and confusing orientation.  This online 

book also lacks animations to help explain any of the mentioned processes.   

 

Animations 

The animated visual aids that accompany textbooks tend to be limited in scope or quality. 

“Most current biology textbooks contain CDs with animations that are flat, two-

dimensional (2D) characterizations of complex processes. Because they are flat, 

important spatial relationships of the process are not captured”  (McClean) 

The 2-D animations are done with simple colors, limited dynamic movement and little to 

no accompanying narration.   
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Educational websites often utilize animations to educate.  Learn.Genetics™  provides 

several animations on genetic mutations.  One interactive animation titled “Gene 

Control” allows the viewer to tighten a DNA coil with nucleosomes that twist the DNA 

and eventually come together (Sorenson).  While very well done with excellent graphics, 

the animation utilizes a symbolic representation of nucleosomes.  Instead of a globular 

form with recognizable histones, nucleosomes are shown as cylinders with two small 

tails.  This representation does not accurately portray the general form of a nucleosome.   

 

Another educational website provides scientific animations about genetics, though 

several of the animations are simple 2-dimensional representations with little fluid 

motion, and high complexity in regards to the information presented to the viewer 

(McGraw-Hill).  As an added distraction, these animations are presented with the 

narrated text provided in its entirety below the running animation, causing the viewer to 

read the narration instead of watching the animated sequence.   

 

Researchers have noted that in interactive animations “certain processes in cell biology 

courses are more easily presented through the use of motion than with a static 

illustration,” (Stith) leading to greater comprehension of biological activities. This 

supports the concept that animations do provide a deeper comprehension and greater 

information retention when compared to lectures using static, non-animated images.  

Because of this, animations should be high quality, presenting a mix of 2-D and 3-D 

aspects with a strong emphasis on spatial relations.   
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An important element of the animation is the vocal accompaniment.  Utilizing a narrative 

style that is conventional and easy to understand can re-enforce the information presented 

to the students in the animation.  A “narration is a valuable, if not essential, component in 

biological animations” (O’Day 2) since it may lead to increased student retention of the 

subject matter.  This benefit may be appreciated even over non-vocal animations.  The 

combination of animation and vocalization can be extremely effective.  Research shows 

“that animation and narration lead to deeper learning than a narration in the form of a 

lecture,” (McClean) utilizing only static images. 

 

An age-appropriate animation, with clear narration, high quality images that are theme-

specific help create an effective educational scenario.  “Animations that are well paced, 

stage-appropriate, focused, and narrated verbally with complementary visual text as 

appropriate can help students learn dynamic processes” (O’Day 1) 

 

Hands-On Models 

Hands-on models are considered to be an effective form of improving student education. 

A large scale review of nearly 14,000 fifteen year-old students in Canada showed that 

“science teaching using hands-on activities had a substantial positive predictive effect on 

science achievement” (Areepattamannil).  In a smaller scale study where students were 

required to build model cars and test their movement, by building either a physical model 

or a virtual construct, “children learned equally well with either medium regardless of 

whether they were limited in the number of cars they could build or the amount of time 

they could spend on the task” (Klahr).  From these studies, we may infer that hands-on 
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activities could produce a positive benefit for the science classroom, and that digital or 

virtual models can be just as equally effective as the real objects in educating science 

students.  Unfortunately, educators many times lack access to theme-appropriate models, 

physical or digital, for use in their classroom.  Despite their large selection of teaching 

tools, Caroline (Caroline) and Sargent-Welch (Sargent-Welch) may lack models that 

represent current or newer theories, thus further limiting what science educators may 

show use to educate their students.   

 

Board Games 

Games are often utilized teaching implements employed by teachers in all courses.  But 

games may be limited by their scope, either because they are taken off store-shelves and 

insufficiently modified for the science classroom, or because they are limited in their size 

and flexibility.  Designer games are board- and table top-games that are theme-specific, 

created for a particular classroom course, making them potentially more efficient since 

their subject matter is more closely related to classroom coursework than regular off the 

shelf games.  As noted by an expert, “designer board games can be more effective than 

their digital cousins because they’re often more closely aligned to library and classroom 

instructional needs” (Harris). 
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Conclusion 

 

Ninth grade high school science students require educational elements that go beyond the 

information and visual presentation of actual science material for their age.  Currently 

available material may be lacking on visual strength or information contained within.  By 

contrast, research into other literature on genetic mutations may be too complex to be 

readily understood by high school students since the subject matter is prepared for older 

students.  To assist these students, it would be advantages to provide a module that holds 

age-appropriate material that involves the use of a detailed animation, a theme-specific 

board game, and physical models that students may readily manipulate in order to 

understand difficult genetic concepts.  
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CHAPTER THREE 

Methodology 

 

Planning the Project 

 

Purpose of the Project  

 

As stated, the purpose of this scientific suitcase is to provide 9th grade high school 

science educators with a flexible, light-weight module on genetic mutations with 

innovative tools to utilize in the science classroom, providing up-to-date and current 

theoretical information that may be lacking in current high school science literature.  

Established parameters for the suitcase included being light-weight and easily carried, 

flexible enough to be included in a variety of school curricula and daily plans, produced 

and initially built for 3500 dollars and with a yearly maintenance/replenish cost of 1000 

dollars for all included components. 

 

Initial Project Selection 

A list of open, undeveloped suitcase topics were presented to me.  After reviewing them, 

I had decided on genetic mutations.  My decision was based on several reasons.  Though 

TEKS clearly states that students must understand the concept of changes to DNA and 

the consequences, it did not clearly mention or enumerate what those changes were.  

After researching Holt’s Biology, the small amount of information devoted to genetic 

mutations was very apparent.  After reviewing past samples of TAKS, actual and 

representative exams, I found only one question that clearly asked about different types 
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of genetic mutations, with two more questions on the mutation of frame-shift.  Noting the 

lack of information presented as a whole for genetic mutations, and the lack of testing 

emphasis for the material, I put forward my request to build a scientific suitcase upon this 

subject matter.  I wanted to provide educators with a resource tool that could help fill in 

the apparent information gaps on genetic mutations.   

    

Initial Project Meeting  

A meeting between gathered committee members and content specialists was held to 

determine the initial plan for the projected suitcase.  Ideas were put forth as to what the 

scientific suitcase would benefit from the most.  Proposed components included 

classroom labs, quizzes, animations, board games, word games, digital games and hands-

on models.  These options were eventually reduced to a few select components, taking 

into account time restraints, financial limits and the priority that the suitcase must be 

lightweight and easily carried. 

 

Selection of Components  

Before beginning production work of the suitcase, the advisory committee reviewed 

proposed materials for the scientific module.  Chairman of the Biomedical 

Communications Graduate Program at UT Southwestern, Lewis Calver, and program 

associate professor Kimberly Hoggatt Krumwiede, were familiar with the proper 

techniques for focusing materials towards specific audiences.  They also possessed 

extensive knowledge on artistic design and its implementation, effective writing 

techniques, 2-dimensional and 3-dimensional animation, and mixed media production.  
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Joel Goodman, Ph.D, Professor of Pharmacology at the University of Texas 

Southwestern, served as content expert for the suitcase.  Dr. Goodman is also the current 

Director of STARS and coordinator of the Howard Hughes Medical Institute grant that 

supports the project.  He oversaw general development of the suitcase, along with 

reviewing all content for scientific accuracy, and determined the extent of the information 

provided within.  The project’s second content specialist was Lynn Tam, the program 

coordinator of STARS, and an educator.  As such, she provided valuable insight as to 

what teaching tools could be expected to be available in the classroom and which 

educational resources would be most beneficial.  On behalf of the Dallas Museum of 

Nature and Science, Paul Vinson and Bill Smith provided their expert knowledge on 

physical constructs.  Paul Vinson, the museum’s Director of Exhibits and Theater 

Service, and Bill Smith, Exhibit Manager, have both participated in previous STARS 

suitcases.  They have successfully coordinated and built many physical components for 

other modules, such as board games and hands-on models. They have access to a capable 

staff, on-site tools and an extensive workshop.  

 

The advisory committee reviewed potential components and helped narrow the selection 

of components to include into the module.  Due to the acceptance of previous suitcase 

animations, a decision was made to include a detailed animation into this project.  The 

animation needed to include information on DNA, protein functions, genetic mutation 

mechanisms and epigenetics.  For games, different designer game concepts were 

considered.  Ultimately, a hybrid card/board game built around the mechanisms of 

genetic mutations was formulated.  For a hands-on model the advisory committee 
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suggested the creation of a physical, malleable model of the nucleosome, a complex 

genetic structure that is difficult to spatially understand, both in form and function.  A 

secondary hands-on teaching tool was eventually developed, as well.  It would be a series 

of posters that functioned as a display portraying the size differential between a single 

nucleotide, the different stages of super-coiling and a chromosome.         

 

Initial Project Survey 

 

In collaboration with a fellow student Roshni Nelson who was also developing a STARS 

scientific suitcase on cell membranes and transport, I developed an initial project survey 

for educators.  The survey was given to educators who were in attendance at a STARS 

workshop in June of 2010.  Of the questions submitted to the teachers, many were geared 

towards inquiring what tools the educators had at their disposal, how effective they 

perceived these tools to be and what their personal preferences were in regards to 

teaching resources used in the classroom.  Six educators answered the project survey, 

giving useful insight into what would be the most effective presentation for the suitcase 

components (Appendix A).  The following is a sample of the questions asked.     

 

1) Question:  Do your students have access to computers and internet in class? 

     Yes____ No____ Don’t know_____ 

 

 

2) What concepts about Genetic Mutations do you teach?  



22 

 

 If any concepts, which seem to be difficult for the students to understand? 

 

3) Do you currently use any kind of visual aids, models, animations or games to 

teach Genetics, Genetic Mutations or Cell Membranes?  

     Yes____ No____ Don’t know_____ 

 Please list: 

 

With regard to question number 1 we confirmed that all participating educators did have 

classrooms with access to computers and/or internet.   Question number 2 on this sample 

list provided some very helpful insight.  All teachers answered and most confirmed that 

they taught some level of genetic mutations.  Some of the mutations they confessed to 

teaching included insertion, deletion, inversion and frame-shift.  Some also added they 

prepared lessons on chromosomal alterations, such as monosomy, trisomy and genetic 

disorders, like sickle cell anemia.  These answers exhibited the educators’ tendency to 

expose their class to a greater amount of information about genetic mutations than what 

seemed readily available in current high school teaching material.  Question number 3 

provided answers over existing teaching tools.  Though only four educators answered the 

question, most answered that they utilized simple DNA helix models or genetic 

animations since “genetic mutations has very little for models except worksheets.”   
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Case Organization 

 

All components of the science case were designed with economizing weight and spacing.  

A primary goal set for the carrying case was that its overall weight should not exceed ten 

pounds approximately.  This should include the weight allocated for the case and carrying 

tubes.  The case will consist of one central carrying unit and one carrying tube, together 

allowing transport of all flexible elements, such game boards and posters. 

 

Shared Component Characteristics 

 

A common underlying principle meant to be followed was that all components of the 

scientific suitcase share visual characteristics between them.   A universal palette was 

generated utilizing soft-toned, mostly warm colors (Figure 3-1).  These tones would be 

shared across as many components as possible, including the animation, hands-on models 

and card game.  As a preference, highly saturated or vibrant tones were avoided as to not 

make any element of the suitcase appear too childish or visually distracting.   

 

 

 

Figure 3-1.  Sample of Universal Palette. 
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A second unifying concept was that all components be age-appropriate for the target 

audience.  This meant that all elements had to be designed with an artistic style that 

would be perceived as interesting for a ninth grade science classroom, rather than 

appearing too infantile or boring. The final unifying concept stated that visual 

characteristics from one component be used in another.  For example, the card game 

utilizes visual representations of nucleotides, as adenine or guanine.  These exact same 

visual representations were carried over and are currently embedded in the animation.  

This technique would assist in creating an overall unified appearance for the scientific 

suitcase components.      

 

Content Outline 

 

A list of proposed components was generated.  Since many of these elements would be 

designed, developed and produced simultaneously but most likely at different rates of 

speed, this list served as an invaluable key to help keep a smooth, organized work flow.   

1) Card Game 

2) Animation 

3) Nucleosome Model 

4) Posters 

5) Teacher’s Instruction Manual 
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Card Game 

 

Success with previous games in other scientific suitcases, and the existence of literature 

positively favoring games in the science classroom as teaching tools, supported the idea 

of including a game into this project.  The overall subject matter of the game would be 

genetic mutations.  After various committee meetings a game was designed where 

students would have two main objectives.  First, students in teams would attempt to build 

their own DNA helix, while simultaneously inflicting mutations on one another.  This 

would permit students to learn or re-enforce the concepts of nucleotides, nucleotide 

pairing and the DNA helix itself.  Second, it would also permit students to learn and 

practice the mechanical concepts of the different types of genetic mutation and how they 

conceptually alter a DNA helix.   

 

Game Research 

 

Researching different game types, a decision was taken to design a card game that 

utilized a game board.  The reasoning for this decision may be predicated on multiple 

points.  The commercial success of games like Pokemon©, Yu-gi-oh©, and Magic: The 

Gathering© has proven that card games are readily accepted.  These games are geared 

towards junior high and high school students, and despite having complex rules, children 

quickly adapt to the system and learn the game in a short time.  Cards are also a well-

known game format that is easy to implement and reproduce.  The standard American 
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poker card is 3.5 x 2.5 inches.  This is a standardized playing card size and thus a nearly 

universal standard size.  Most people recognize and are comfortable playing and holding 

cards of this size.  Other dimensions, or card shapes, can prove to be harder to hold or 

replicate when needed.  For these reasons, the cards for the game were set at 3.5 x 2.5 

inches. 

 

For the purpose of this game, several sets of cards were designed.  The first set of cards 

would represent the four base nucleotides:  adenine, guanine, cytosine and thymine.  The 

second set of cards would be representative of six different types of basic genetic 

mutations.  The third set of cards would indicate movement cards, those cards that allow 

teams to move upon the game board.  And the final set of cards would compromise 

support cards with varying game functions.  

 

Looking into game boards, Paul Vinson and Bill Smith were opposed to the proposed 

ideas of either a rotating DNA helix that would serve as a mat for the cards to be placed 

upon, or a board that could be hung from the wall of a classroom.  The mechanics for the 

DNA helix were estimated to be too complex, and most likely, fragile.  In their expertise 

they believed that a flat board, either a very sturdy board or very flexible, would be the 

best option.  Also, special materials would be needed to create a large board that could be 

hung, and not retain any curvature once rolled up for long periods of time.  The decision 

was made to use a flexible but smaller game board that could be rolled and placed into a 

tube for easy carrying and that could be set up on top of a regular sized table.  The 
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smaller size and flexible construction material could help reduce rolling after periods of 

long storage. 

 

Card Designs 

 

The visual design of the cards required the use of Maya 2009®.  Research was done into 

the configuration of nucleotides and the DNA phosphate-deoxyribose backbone.  This 

information was used to build spatially accurate, 3-dimensional constructs of adenine, 

guanine, cytosine and thymine, as well as a short segment of the phosphate-deoxribose 

backbone (figure 3-2).  Each particular nucleotide was assigned a base color from the 

universal palette, and specific atoms were also assigned their own tone i.e. gray for 

carbon molecules, blue for nitrogen, etc. 

 



28 

 

 

 

Figure 3-2.  Maya constructs of nucleotides and phosphate-deoxyribose. 

 

Nucleotide Cards 

Each nucleotide was oriented into the desired orientation, and then exported as a 300 dpi 

.png file.  The .png files were then used as templates to build the visual components of 

the nucleotide cards in Adobe Illustrator®.  To differentiate nucleotides visually, each 

maintained the original Maya design color.  Arial font was selected for use through all 

nucleotide cards, with a standardized font size for card titles and card name (Figure 3-3). 
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Figure 3-3.  Nucleotide cards Adenine, Cytosine, Guanine and Thymine, respectively. 

 

Mutation Cards 

Every Mutation card shares the same background, a warm gradated color leading to white 

at the top, with color from the universal palette.  The phosphate-deoxyribose backbone 

was scattered and reoriented throughout the background, with opacity between 5 to 30%.  

Arial font was selected for use through all mutation cards, with a standardized font size 

for card title, mutation description text, and card name (Figure 3-4). 
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Figure 3-4.  Mutation cards for Deletion, Duplication, Insertion, Inversion, Silent and 

Translocation, respectively. 

 

Movement Cards 

Movement cards shares the same background, a cool gradated color from the universal 

palette leading to white at top.  The phosphate-deoxyribose backbone is shown as a 

straight structure from front tapering back, from bottom to top.  Arial font was selected 

for use through all movement cards, with a standardized font size for card title and 

movement points and card name (Figure 3-5). 
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Figure 3-5.  Movement Cards for 1, 2 and 3 points Forward, and 1 Back, respectively. 

 

Support Cards 

Support cards like Gene Therapy utilize a pronounced gradation as a background with a 

DNA helix through the middle of the card.  Arial font was selected for use with this card.  

The game component card utilizes Arial text for both sides to list all game components.  

The background of each game card sports a standardized logo for the card game, with a 
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blue and amber tone selected from the universal palette (Figure 3-6).  The official 

STARS logo is also present on the back of all cards.     

 

       

 

Figure 3-6.  Gene Therapy, Game Components and card back. 

 

Game Boards and Guides 

 

Team Boards 

A large game board for each team was developed using Illustrator.  At 40 x 22 inches in 

size, the boards are large enough to fit on top of most standard-sized tables.  Team boards 

are identical expect for the coloring scheme.  Each board has a section for building a 

DNA template strand, a DNA complimentary strand, and a mutation track where 

mutation cards may be played.  All tracks are 14 cards long.  Fourteen cards allow for a 

track short enough to be playable, and still provide enough spaces to visually emphasize 

the consequences of mutations during game play.  (Figure 3-7).  To differentiate visually 
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between team boards the blue and amber tones, taken from the universal palette and 

found in the game logo, have been utilized on the boards.  

 

 

 

 

Figure 3-7.  Team A and Team B game boards, respectively. 
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Deck Board 

Support elements for the game include a deck board, a hard plastic 8.5 x 11 board 

designed to hold 3 different card decks during the game (Figure 3-8).  The color scheme 

is identical to that utilized on both team boards.   

 

 

 

Figure 3-8.  Deck board. 

 

Guides 

Also included are quick guides for both students and educators.  These guides are 5.5 x 

5.5 inches in size, easy to hold and with key concepts printed on them so students and 

educators can quickly look up key goals and the purpose of each cards type (Figure 3-9).  
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The guides contain game information and mechanics on both sides, and are colored 

according to use.  An educator’s guide is identified by text and an amber gradated band 

located at the top of each side, while the student’s guide has a blue gradated band. 

 

 

 

 

Figure 3-9.  Front of quick guides for students and educators, respectively. 
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Simple round colored chips, identical for both teams, have been included to act as team 

tokens for the game. 

 

Card Game Logo 

 

Stamped on the back of all cards, team boards, guides and instruction manual is the game 

logo, a textual logo using tones from the universal palette (Figure 3-10).   

 

 

 

Figure 3-10.  Card game logo. 

 

Game Production 

 

Jorge Escobar, graphic designer for the Dallas Museum of Nature and Science, offered 

multiple options for the lamination and coating of the game cards and boards.  Since the 

game has over 200 individual cards, a simple lamination was chosen that coated both 

sides, was flexible and fully transparent.   It would allow for easy stacking of cards and 

still protect the cards from wear and use.  For the game boards a hard plastic coating was 

considered.  But to manage the large team boards it would have been necessary to create 
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folds and cuts which would have allowed the boards to be folded and stacked in two 

different directions for storage.  This process would have been complex and would have 

compromised the surface of each board.  Instead, a simple, clear laminated coating was 

utilized.  This lamination permits the team boards to be rolled up and stored comfortably 

in a carrying tube while maintain the surface integrity of each board.  The student and 

educator quick guides were also coated in a similar fashion, since these were meant to be 

easily held and shared between teams.  The deck board was the only board coated in a 

hard, transparent plastic on both sides.  This was done since both teams will share the 

deck board during game play and it must support the weight of the card decks.  Paul 

Vinson, Bill Smith and Jorge Escobar printed and laminated the game cards and boards.    

 

A full-color, twenty-one page educator instruction guide for the game has been included 

(Appendix B).  The guide lists all game rules, providing visual examples of game 

mechanics.  The guide has been cold laminated to increase durability and resistance, with 

a spiral backing for easy of reading.  The instruction guide in its entirety has also been 

included in the animation CD in a PDF format, giving educators access to a digital copy 

of the instruction guide (Figure 3-11). 
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Figure 3-11.  Page 14 of the game instruction guide. 

     

Animation 

 

The initial step for creating the animation was to determine its purpose and key principle 

points.  Through meetings with the advisory committee and content specialists, the 

following main points were established. 

 



39 

 

1)  Clearly explain basic genetic concepts, such as DNA, nucleotides, histones and 

proteins 

2) Clearly explain the fundamental concepts of histones, nucleosomes, super-coiling 

and epigenetics 

3) Clearly explain basic mechanisms and different types of genetic mutations 

4) Illustrate an example of an illness produced as consequence of genetic mutation 

 

Scientific Script 

 

A crucial step of the animation began with the formulation of a scientific script.  Dr. 

Goodman, assisted by UT Southwestern Medical Center Genetics and Development 

graduate student Robert Borkowski, reviewed the script during its revisions to verify 

scientific accuracy.  This step was essential since it would clearly set down the accuracy, 

and topics, that would be touched upon in the animation.  Once the final version of the 

scientific script was determined and approved (Appendix C), it served as a template for 

the narrative script (Figure 3-12).    
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Figure 3-12.  Page 2 of scientific script. 
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Narrative Script 

 

A key component of the narrative script and animation involved the creation of a 

principal protagonist, a scientist that would narrate the animation and serve as a visual 

key for the target audience.  After multiple discussions with the committee members it 

was determined that for ethnic diversity, a female of Hispanic or ambiguous ethnic 

appearance should be cast in the primary role.  This female scientist would eventually be 

named “Isabella.”             

 

Kim Hoggatt Krumwiede assisted in making the narrative script age-appropriate for the 

target audience of 9th grade high school students, while Dr. Goodman continued to 

review and oversee the script to maintain scientific accuracy and terminology.  Because 

the animation utilizes a central animated narrator, it was important to craft the narrative 

in a format that could be read afterwards, word for word, by a professional actress.  With 

this in mind, the narrative script reads as a monologue given by a presenter.   

 

Below is a sample page of the narrative script (Figure 3-13) 
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Figure 3-13.  Page 2 of narrative script. 

 

With committee approval of a final version of the narrative script (Appendix D), 

storyboarding was begun.  Initial small sketches of selected scenes, highlighting intended 
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flow and an artistic style was created.  These sketches also served to show intended 

animated points of interest, such as interactions between different elements and the visual 

approach to each scene.  Figure character sketches were submitted as well, emphasizing 

different artistic styles ranging from a very comical, unnatural look to a more realistic 

orientation (Figure 3-14).   

 

 

 

Figure 3-14.  Figure character sketches.  

 

After evaluation by program department members, character design number 3 was chosen 

for its partially realistic presentation and assumed appeal for a ninth-grade audience.     

 

Story Board 

 

A digitally-drawn preliminary storyboard was manually generated.  It was directly based 

on the narrative script, visually representing the actions described within.  Lewis Calver 

reviewed the script for artistic flow and style, Kim Hoggatt Krumweidi checked artistic 
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style and age-appropriateness, and Dr. Goodman verified the scientific accuracy.  

Through multiple revisions of the script, a finalized storyboard was created (Appendix 

E).   Adobe Illustrator® proved to be an excellent tool for this purpose since it allowed 

quick changes, was easy to navigate and allowed for object manipulation, such as 

resizing, without loss of color or detail (Figure 3-15).  By exporting .jpg files, inclusion 

of story board images directly into the narrative script provided side-by-side visual and 

textual components. 

 

 

 

Figure 3-15.  Page 21 of narrative script with story board. 
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Animation Elements 

 

Character design for the animation was achieved through implementation of Adobe 

Illustrator®.  The same properties that made the program an excellent choice for the story 

board also applied for creating the visual components of the animation.  Quick 

modifications and different shading techniques were facilitated by the program.   Maya 

2009® was also used for the creation of two key animation elements. 

 

With regard to basic animation components, Illustrator fulfilled all requirements.  Two-

dimensional tonal representations of cellular characters with anthropomorphic traits were 

created.  A standardized cell with a vague humanoid form and mouth was designed for 

multiple uses.  The cell would fulfill several roles, and as such had multiple sets of 

components created for each use.  For example, the cell in one scene would act as a 

sheriff with a flamethrower, while in another scene it would be a mechanized bulldozer 

(Figure 3-16).  Thus, each role utilized different sets of tools.  To facilitate animation, all 

of the visual components created in Illustrator were designed separately and exported as 

their own .png file at 300 dpi.  This would permit each element to be animated on its own 

separate layer and thus allow for a more fluid motion. 
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Figure 3-16.  Cellular sheriff and cellular bulldozer, respectfully. 

 

Other designed components included biological structures, such as amino acids, human 

characters in the form of background scientists, and support elements, such as factories, 

locks and magnifying lenses.  Biological processes were created with no humanlike traits.  

Instead, they were made utilizing organic shapes that they could be readily recognized as 

molecular forms.  Protein strands were built from individual amino acids set into a 

needed configuration, producing any needed protein form (Figure 3-17).  Nucleotides 

were imported as whole figures from the visual sets created for the card game through the 

use of Illustrator. 
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Figure 3-17.  Amino acids and protein strand configurations. 

 

Supporting elements, such as human scientists meant to be active in the background, 

were portrayed as both male and female personas of varying ethnicities.  As with other 

elements of the animation, these scientists were built from individual components to 

allow them to move their heads and arms (Figure 3-18). 
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Figure 3-18.  Background scientists. 

 

Isabella 

The creation of two key elements of the animation required a different method.  Maya 

2009® played a key role in this regard.  First, the protagonist of the animation, Isabella, 

needed to be created.  Isabella is based on The Andy Rig (jdouble), a downloadable Maya 

creation from CreativeCrash.  The Andy Rig, or simply Andy, is a fully rigged, gender-

ambiguous digital construct that may be fully animated.  Kim Hoggatt Krumweidi and 

Dr. Goodman both suggested a female scientist, so Andy fulfilled this requirement since it 

could be redesigned as either a male or female.  Andy also has the appearance of an older 

teenager or young adult with an artistic style similar to that previously chosen for the 



49 

 

animation style, so it was an appropriate choice for Isabella.  Some changes were 

necessary though for full gender and ethnic reassignment, though (Figure 31-9).   

 

 

 

Figure 31-9.  Unmodified Andy Rig. 

 

Andy’s texture map was taken, imported into Adobe Photoshop® and redrawn (Figure 3-

20).  It was given the appearance of wearing a white lab coat, purple blouse and dark 

purple jeans.  Make-up was applied to the face to convey a feminine appearance, and skin 

tone was darkened to appear as of Hispanic descent (Figure 3-21).  The color scheme was 

based on the universal palette. 
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Figure 3-20.  Andy Rig texture map redesigned. 
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Figure 3-21.  Modified Andy Rig now designed as Isabella. 

             

Because of the pre-rigging of Andy, Isabella could be fully animated.  By setting key 

points in Maya, different animations of Isabella were created.  These scenes included 

walking, tilting of the head to both sides, shrugging of the shoulders and movement of the 

hands, swaying of the body and eye movement to the side.  By creating a rotating camera 

in the program, a sequence showing Isabella walking onto the stage from the left hand 

side of the screen, walking to the center and then turning to face the audience was 

programmed (Figure 3-22).  All these motions were animated and exported as a sequence 

of .png files.  
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Figure 3-22.  Sample images of Isabella in different positions. 

 

Isabella’s primary function is to serve as narrator for the animation.  For this purpose, 

Illustrator was used to create a small series of mouths that would be useful in an animated 

sequence to give Isabella the appearance of conversing.  A closed mouth, one partially 

opened and one fully opened were designed (Figure 3-23).  These would then be 

superimposed unto Isabella in a post-production program and timed to a voice track to 

give the appearance of her talking.      

 

 

 

Figure 3-23.  Isabella’s Mouth. 
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Nucleosome 

The second key element to be designed in a 3-dimensional format was the accurate 

scientific representation of a nucleosome.  Utilizing the Protein Data Bank, a .pdb file 

containing the precise molecular configuration of a nucleosome was downloaded.  A 

Maya plug-in titled Molecular Maya Toolkit (Barry) was downloaded and installed.  This 

plug-in allows Maya to directly read a .pdb file and extrapolate a precise molecular 

construct of any given molecule contained by the .pdb file.  For this project, a .pdb of a 

nucleosome was used to generate a particle nucleosome in Maya (Figure 3-24). 

 

 

 

Figure 3-24.  Particle nucleosome in Maya. 

 

Molecular Maya allows for direct manipulation of generated particle constructs, allowing 

different visual representations.  This particle model had been considered as a potential 

template to be used in the creation of a hands-on nucleosome model.  However, several 
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obstacles presented themselves.  Paul Vinson recommended against it because the intense 

spherical nature of the particles present throughout the model would have made it a very 

difficult construct to replicate.  In his estimation, it would have required extensive, and 

expensive, molding and modeling techniques.  For the purpose of the animation, the 

particles would have been harder to animate and manipulate, requiring much more time 

and computational resources.  By utilizing Molecular Maya, the particle model was 

changed.  Going into the main tab in Molecular Maya, under meshing, the check box for 

“mesh vis” was activated.  This turned the particle model into a mesh model.  The 

benefits of this were that the model was more globular in appearance, hence looking 

more organic.  Also, this meant that there were only eight pieces to manipulate, instead of 

the hundreds of individual particles found in the original model.  The mesh model was 

further adjusted by manipulating the “smooths” slider to 7, “blobby rad” value to 1.200 

and the “threshold” value to .0100.   These changes made a smoother, more organic and 

less bumpy mesh model.  Finally, the color of each histone of the nucleosome was 

selected and changed to better reflect the universal palette (Figure 3-25).  The original 

.pdb nucleosome had a DNA helix that wrapped around the histone octamer.  For the 

animation, the DNA helix (the blue and purple strands) were removed, leaving only the 

exposed histones underneath.  
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Figure 3-25.  Mesh model nucleosome with and without DNA strand, respectively. 

 

Animation of the nucleosome was accomplished by selecting a series of vertices and 

applying a bend distorter to a histone tail or keying movement to individual histones. In 

one sequence, histones fly together from the edges of the screen.  This was accomplished 

by keying the 8 individual histones over a 10-second sequence and bringing the histones 

into a central core.  (Figure 3-26).  This animated movement was exported as a sequence 

of .png files. 
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Figure 3-26.  Animation sequence of histones. 

 

Animation Audio 

 

Professional voice actress Brina Palencia provided the voice for Isabella.  Brina has 

worked with the STARS program on past science modules, loaning her voice to those 

projects.  Her energetic and clear-toned voice, along with gentle disposition, 

complimented the Isabella character quite well.  David Bullock, senior producer at 

Medical Television on the UT Southwestern Medical Center campus, coordinated an 

audio session with Brina at his studio.  The recording session was held December 16
th
, 

2010, and yielded roughly an hour and a half of raw audio.  This preliminary track was 

edited afterwards in Adobe Soundbooth®, creating over sixty smaller audio tracks of 

varying lengths.  The total of these newly edited audio tracks was about 40 minutes in 

length.  All audio files were saved as .wav format, at 48 KHz, 16-bit mono (Figure 3-27).  

Due to the professional nature of the equipment studio where the session was initially 

held, there was no need to run any type of audio filter to improve sound quality. 
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Figure 3-27.  Soundbooth editing of audio session with Brina Palencia. 

 

Animation Editing 

 

All files needed for the animation were imported into Adobe After Effects®.   

This included .png files and edited audio tracks.  Scenes were either built singularly or in 

pairs at a dimension of 720 x 480 pixels, 300 dpi and video format NTSC.  The reason for 

building the scenes individually or in pairs was to conserve computer resources since 

post-production audio and animation editing can consume large quantities of computer 

memory.   
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In After Effects a scene would be selected and its corresponding audio track was set 

down first, since the animation would have to be timed to the vocals.  Secondly, all 

respective .png files that correspond to the particular scene are loaded and organized.  

This could involve multiple copies of the same file, depending on the needs of each 

scene.  By carefully timing all movement to the audio track, a fluid, dynamic series of 

motions were created throughout the animation (Figure 3-28).  Texts were also timed to 

the audio track, so key words or concepts would be shown at the moment the word or 

phrase was uttered, and then would quickly fade out.  This was done to re-enforce key 

words and concepts.  Twentieth Century font was the standard font utilized throughout 

the animation scenes.   

 

 

 

Figure 3-28.  Screenshot of After Effects editing. 
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With regards to the character of Isabella and the nucleosome, it was necessary to import 

the animated sequence of stills and time the beginning and ending of their movements to 

the audio tracks.  This was of an upmost importance with regard to the points of the 

animation where Isabella “talked” to the audience.  By importing the .png files of 

Isabella’s mouth created in Illustrator, then embedding them upon her character, the 

mouth was then to change its appearance every so many frames.  This would create the 

appearance of opening her mouth and talking during the moments that speech could be 

heard on the audio track.  By contrast, when there was no speech, Isabella’s mouth was 

keyed to look closed (Figure 3-29). 

 

 

 

Figure 3-29.  Screenshot of After Effects editing of Isabella talking. 
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After each animated scene was constructed, secondary sound effects were embedded into 

them if needed.  These audio snippets came from royalty free websites and included a 

variety of sounds, including a man yelling, flies buzzing, mechanical springs, a hello and 

a wrench closing.  Secondary sound effects were toned down as to not clash with the 

narration.  All finished scenes were exported as Quicktime .mov files, set to H.264 video 

compression.   

 

For final video editing, each individual scene was then imported into Adobe Premier 

Pro®.  In this program each scene was set into a video track, positioned into the correct 

order.  Dissolve transitions were applied between scenes where necessary.  A final movie 

was then exported in a H.264 compression format, with audio compression type ACC 

with 48 hkz, mono, high audio quality.  (Figure 3-30).    
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Figure 3-30.  Screenshot of editing in Premiere Pro. 

 

The final animation was imported into Adobe Encore®.   Within Encore, a Photoshop file 

was imported that served as the principal menu for the Animation DVD (Figure 3-31).   

The DVD background was taken from a portion of the animation itself, portraying a cell 

holding up a sign for the viewing public.   
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Figure 3-31.  Animation DVD background menu image. 

 

The cell’s sign serves as the primary “Play All” button for the animation menu.  The 

animation itself had chapters set at the beginning of each section so educators could skip 

to the beginning of each section.  Jumps to sub-chapter points within each section were 

also generated.  The following chapters and subchapters were created by clicking on the 

timeline at specific points, right clicking and choosing the “Add Chapter Point.”  Access 

to these subchapter points is achieved through the Subchapter and Extra menu found at 

the bottom of the Main Menu. 
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1) Section I:  Proteins, DNA and Codons 

2) Section II:  Supercoiling and Epigenetics 

3) Section III:  Basic Genetic Mutations 

4) Subchapters and Extras 

a. Section I 

i. Proteins 

ii. DNA 

iii. Codons 

b. Section II 

i. Supercoiling 

ii. Epigenetics 

c. Section III 

i. Basic Mutation Mechanisms 

ii. Deletion 

iii. Insertion 

iv. Frame-shift 

v. Point 

vi. Inversion 

vii. Translocation 

d. Extras 

i. Nucleosome Model 

ii. Posters 

iii. Credits 
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Figure 3-32.  Screenshot of editing in Encore.  
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Nucleosome Model 

 

Conceptual Design 

 

Dr Goodman suggested the inclusion of a nucleosome as a hands-on model.  Since 

nucleosomes “modify the activity of the genes that they store” (Goodsell) they are an 

essential component in the mechanisms of genetics, not to mention genetic mutations.  

After multiple revisions, it was determined that an octamer should be shown interacting 

with a DNA helix through the use of their tails.  This is an important concept, since 

enzymes “chemically modify these tails to weaken their interactions” (Goodsell) with 

DNA, allowing DNA to be used in protein synthesis.  This concept was brought to Paul 

Vinson and Bill Smith at the Dallas Museum of Nature and Science.  They were 

presented with a digital model of a particle nucleosome (Figure 3-24) and asked if a 

hands-on model could be constructed.  Initial meetings concluded with the belief that the 

particle model of a nucleosome would be too difficult to replicate.  Its multi-spherical 

nature would require great expense and time to properly model the form.  An attempt was 

made to create a nucleosome from scratch, by building via Maya 2009 a ribbon 

nucleosome, where the histones are represented by plastic coils and held in place by 

acrylic rods (Figure 3-33) surrounded by a thick plastic tube representing DNA.  This 

idea was rejected because the sheer weight of the plastic and base to hold the entire 

structure together would have been excessive.  Moreover, it could not properly show how 

the histone tails interact with DNA.     
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Another noted point was whether or not to make the model separable, such that 

nucleosome could be taken apart into its individual histones.  This proved to be a difficult 

concept to manage because the original histones in the .pdb file are so integrated that it 

would have been extremely difficult to create anything that would have meshed as 

perfectly as the original digital construct.  Also, it was determined that to make the 

histones integrate properly, they would have to be solid components.  This would mean 

no flexibility and as such we would not be to show how the histone tails move to interact 

with a DNA strand.  As such, flexibility was a more important point in this model.  

 

 

 

Figure 3-33.  Ribbon nucleosome. 
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Paul suggested a globular form instead, which would be easier to construct and 

manipulate since it would only be 8 pieces, and could be fabricated quickly with a simple 

mold.  For these reasons, the mesh nucleosome used in the suitcase animation was also 

utilized as a template to create a hands-on model (Figure 3-34.) 

 

Figure 3-34.  Mesh nucleosome. 

 

Production of Model 

 

Managing to get the tails of the histone to be readily flexible, while still being sturdy 

enough that it could resist wear and use by a classroom greatly, limited the available 

options for constructing the nucleosome.  This was further complicated by the fact that it 

would have been much more difficult to build the model out of two or more different 

materials, or having the tails built out of a flexible component while the body of the 
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nucleosome was rigid.  The model would have to be produced as one piece.   Kenneth 

and George Mecca, proprietors of Mecca Design, were called in as specialists for this 

project.  The technique for creating the nucleosome required the use of individual images, 

where each individual histone of the octamer was separated (Figure 3-35) from the others 

and then viewed from six different orientations.    

 

 

Figure 3-35.  Left view of histone H2A.  

 

From these images Ken and George Mecca then hand carved a block model from 

specialized memory foam.  This form may be compressed to a paper-thin thickness 

between the fingers, and will recover its shape once released.  To help identify the 

individual histones, and to add a stronger, sturdier shell to the model, the nucleosome was 
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coated in a strong, flexible rubber coating.  This coating permits the user to twist and 

bend virtually any portion of the model and have it return to its original position (Figure 

3-36).   The model is extremely light-weight, flexible in virtually all directions, and is 

resistant to liquid spills since it is coated in rubber.  The final product is 12 inches along 

its longest axis, weighs less than a pound and sports colors derived from the universal 

palette.  For DNA, it was determined that smooth, flexible tube or nylon rope would work 

well, since it would be easy manipulate when tying around the nucleosome center.  Also, 

a smooth rope or flexible tube would not scrape the rubberized surface of the model. 

 

 

 

Figure 3-36.  Nucleosome model squeezed and relaxed, respectively. 
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Posters 

 

Conceptual Design 

 

After meeting with members of my advisory committee, it was decided that a display 

showing the size difference from a nucleotide, through super-coiling, to a chromosome 

would benefit a students in a science classroom.   Taking into account that students 

apparently struggle with size differentials at a genetic level, it was felt that these posters 

could help them better understand.  For example, a common misconception is that a gene 

is the same size as a chromosome, or that DNA is not that much smaller than gene.  The 

scientific truth is that a nucleotide is 50,000 smaller in size than a chromosome.  If a 

nucleotide were as thick as a 1 millimeter pen stroke, the chromosome would have the 

height of a fifteen story building.   

 

Poster Design 

 

First, the nucleotides designed for the card game were opened in Illustrator, and slightly 

modified to remove any text or identifying markers.  Utilizing the 3-dimensionsal 

nucleosome created via Maya 2009®, it was imported as an octamer into Illustrator 

where a 2-dimensional DNA strand surrounding it was created (Figure 3-37).  A straight 

DNA strand was also created to associate with the nucleosome.  The nucleosome was 

then imported into Adobe Photoshop®.  One of the primary components created in 
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Photoshop is the tetramer, a four-nucleosome structure that is involved in super-coiling 

(Figure 3-38).      

 

 

 

Figure 3-37.  Nucleosome with DNA strand. 

 

  

 

Figure 3-38.  Tetramer. 
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Three posters were created in Photoshop.  Poster 1 begins by showing the accumulation 

of nucleotides in the upper left corner, where it slowly turns into DNA.  From here, it 

begins to wrap around octamers forming nucleosomes, which in turn tighten in formation.  

Near the bottom, the nucleosomes have formed the tetramer formations (Figure 3-39).  

Poster 2 shows the wavy, tightened and irregular form of DNA during super-coiling 

(Figure 3-40).  In this poster, a small red dot located to the left center of the poster is 

projected.  This red dot is instead to show the area that is displayed by all of Poster 1.  In 

Poster 3, we see the lower arms of a chromosome.  Just as in Poster 2, a small red dot 

highlighted by an arrow may be seen.  This red dot symbolically shows the area that 

would be occupied by Poster 2.   At the bottom left of each poster is a number, 1, 2 or 3.  

These numbers are meant to help the educators put the posters up in the right order.  All 

text is Arial font, set to opacity of 10%.  Posters 2 and 3 have arrows designed to 

highlight red dots present on each.  These arrows have both been set to an opacity of 

10%, so as to not clash with the imagery of the poster.   

 

Originally, the posters were designed with multiple areas of text and magnified images of 

key points along the DNA strand.  But I decided the principal point of highlighting the 

differences in size was more important.  Unnecessary text and any enlarged images were 

removed, so as to not add any unnecessary distractions.   
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A short sixteen-second animated video was also designed to show the integration of these 

posters within one another (Figure 3-42).   This short poster animation may be found on 

the Animation DVD.    



74 

 

 

 

Figure 3-39.  Poster 1. 
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Figure 3-40.  Poster 2, with red dot showing the area of Poster 1. 
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Figure 3-41.  Poster 3, with red dot showing the area of Poster 2. 
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Figure 3-42.  Screenshot of poster animation. 

 

Teacher’s Instruction Manual 

 

Included within the suitcase is a hard-copy and digital copy of the Teacher’s Instruction 

Manual, an instruction manual on how to properly utilize the components within the 

suitcase.  The guide covers the use of the animation, nucleosome and posters and a quick 

overview on how to setup the card game.  The instruction manual does not address the 

card game mechanics itself, since that one has its own guide.  A digital copy of the 
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Teacher’s Instruction Manual will be present on the Guide DVD.  Arial font was used for 

this guide, following the font style used in the card game manual.  Both Adobe 

Illustrator® and Microsoft Word® were used in conjunction to create the guide.  As with 

all other components, this manual also follows the color scheme set down by the 

universal palette.  In this case, it follows the card game manual in design, even applying 

the gradated amber toned band in the upper edge of each page, with the section name in 

the blue tone used for the card game logo (Figure 3-43). 

 

Guide DVD 

 

Provided within the scientific suitcase is a Guide DVD, a storage disk that contains: 

1) The instruction manual for the Mutations! Card Game in a PDF format  

2) The Teacher’s Instruction Manual in a PDF format 

3) The Nucleosome demonstration video in a Quicktime®  format 

4) The Genetic Posters animation in a Quicktime® format 

5) Digital copies of the Genetic Posters in .jpeg format 

In this manner, the Guide DVD will allow educators to have a digital copy of 

essential components, as well as having hard-copy versions available to them.   
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Figure 3-43.  Page from the Teacher’s Instruction Manual. 
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CHAPTER FOUR 

Survey Results 

 

 

Post Production Project Survey  

 

Survey Design  

 

With components of the scientific suitcase completed or almost completed, a quick and 

informal presentation of the components was given for over 30 educators present at a 

STARS mini-symposium in April of 2011.  This presentation involved playing and 

showing multiple components, such as the genetic mutation animation, card game, a 

demo video on the use of the nucleosome model and the nucleosome model itself, and the 

posters.  To get feedback on the components, a one page survey was developed 

(Appendix G) using Microsoft Word®.   

 

Twenty-seven questions were presented with answers in a 5-point Likert scale ranging 

from Strongly Disagree to Strongly Agree.  The survey was divided into four sections, 

one for each of the following:  Animation, card game, nucleosome and posters.  Within 

each section, questions asking about perceived class effectiveness, appeal for the student, 

teacher willingness to use the resource and student comprehension over the resources, 

were asked.   The back of each page was turned into an open comment section where 

educators could feel free to include any observations or pose questions of their own.     
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Survey Results  

 

Twenty seven individuals answered the survey.   Most were biology teachers, 

representing grades from 8
th
 to 12

th
.    Some were also college educators, and one junior 

high student was present and answered the survey.  Teachers who also teach AP Science, 

Chemistry, Physiopathology and Forensic Sciences also participated in the survey.  This 

represents a wide array of teaching levels and scientific fields.  The aggregated results 

were calculated for each question, and a side bar graph was generated comparing results 

(Table 4-1) between all the questions asked.   

 

Additional comments were also reviewed and posted (Appendix G).   

 

I present the following analysis of the individual questions.  
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Table 4-1.  Post production survey results. 
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Question 1:  The animation would be an effective tool in the teaching of genetics and 

genetic mutations?  

Twenty seven educators answered the question.  Three neutral, 9 agreed and 15 strongly 

agreed.  The educators agreed that the animation would be an effective teaching tool. 

 

Question 2:  The section of the animation dedicated to the concepts, functions and 

importance of histones/nucleosomes in genetic mutations would be too complex to be 

understood by your students?  

Twenty six educators answered, one did not.  Seven strongly disagreed, 8 disagreed, 3 

neutral, 3 agreed and 5 agreed.   Educators slightly favored the notion that the animation 

would be understood by their students.   

 

Question 3:  The section of the animation dedicated to genetic mutations would be 

too complex to be understood by your students?   

Twenty five answered, two did not.  Seven strongly disagreed, 13 disagreed, 3 neutral, 1 

agreed and 2 strongly agreed.  The majority of educators did not believe the section 

dedicated to genetic mutations would be too difficult for their class. 

          

Question 4:  The is animation, with sections that are approximately 10 minutes each, 

would give you enough time to review, discuss and/or explain the information 

presented within?  
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Twenty six answered, one did not.  Five neutral, 8 agreed and 13 strongly agreed.  The 

majority of educators believe that ten-minute segments do give enough time to prepare, 

review and discuss the information within. 

     

Question 5:  The section dedicated to histones/nucleosomes clearly explains the 

concept of super-coiling?   

Twenty seven answered.  Two neutral, 4 agreed and 21 strongly agreed.  The majority of 

the educators believed the section for super-coiling is clear.    

 

Question 6:  The section dedicated to histones/nucleosomes clearly explains the 

concept of epigenetics?   

Twenty six answered, one did not.  One disagreed, 2 neutral, 10 agreed, 13 strongly 

agreed.  Only one educator disagreed that the section dedicated to epigenetics was clear, 

while the majority supported the notion. 

 

Question 7:  The introduction section dedicated to genetic mutations clearly explains 

the basic concept of genetic mutations?  

Twenty two answered, five did not.  Three neutral, 8 agreed and 11 strongly agreed.  

The  majority of educators believe the introduction to genetic mutations was clear. 

          

Question 8:  In what format would you prefer the animation be provided for use in 

your classroom?  Via DVD or CD   /  Via Internet  /  Preloaded  to a computer /  All  
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Twenty four answered, three did not.  Multiple choice question.  More than one choice 

could be selected.  Five preferred CD or DVD, 11 internet, 1 preloaded to a computer, 10 

said all methods work. Though roughly 10 picked all methods, the internet seems to be 

the single most elected method of delivery.  This leads us to believe that at least delivery 

via internet should be implemented.   

 

Question 9:  The card game would be an effective tool in the teaching of genetics and 

genetic mutations? 

Twenty seven answered.  Two neutral, 13 agreed and 12 strongly agreed.  The majority 

of educators believe the game would be an effective teaching tool for genetic and genetic 

mutations.  This supports the notion that the game could be a valuable tool. 

    

Question 10:  The card game is too complex to be understood by your students? 

Twenty six answered, one did not.  Seven strongly disagree, 9 disagreed, 4 neutral, 1 

agreed and 5 strongly agreed. An approximate ratio of 3 to 1 of educators do not 

believe the card game is too complex for their students.   

    

Question 11:  The card game section dedicated to building a DNA helix would be an 

effective tool for teaching and/or re-enforcing the concept of nucleotides, DNA 

orientation and DNA formation? 

Twenty six answered, one did not.  Two neutral, 12 agreed and 12 strongly agreed.  The 

majority believe the section of the game dedicated to building a DNA helix would be an 

effective teaching tool for nucleotides, DNA orientation and formation. 
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Question 12:  The card game section dedicated to inflicting mutations would be an 

effective tool for teaching basic genetic mutations and the changes they may cause?  

Twenty five answered, two did not.  Four neutral, 12 agreed and 9 strongly agreed.  The 

majority of educators believe this section of the card game would be an effective tool for 

teaching genetic mutations.  

     

Question 13:  I would use this card game in my classroom? 

Twenty five answered, two did not.  Five neutral, 11 agreed and 9 strongly agreed.  The 

majority of educators would use this card in their class.    

   

Question 14:  Dividing the card game into different sections of play allows for 

flexibility in deciding which concepts to teach?   

Twenty seven answered.  Eleven agreed and 16 strongly agreed.  The majority of 

educators do believe that sectioning the game allows for greater choice in what concepts 

to teach.  This may be interpreted as an approval for the idea where a section of a game 

can be selected to teach a particular concept only.    

         

Question 15:  The card game mechanics appear to follow the concepts of DNA 

formation and reflects the expected changes induced by genetic mutations?  

Twenty six answered, one did not.  Three neutral, 7 agreed and 16 strongly agreed. The 

majority of educators believe the card game does reflect the changes in genetic mutations. 

  



87 

 

 

Question 16:  The model would be an effective tool in teaching genetics and genetic 

mutations? 

Twenty six answered, one did not.  One disagreed, 6 neutral, 5 agreed and 14 strongly 

agreed.  On educator did not believe the model would be an effective teaching tool. 

  

Question 17:  The model would be complex to be understood by the students of your 

classroom?     

Twenty six answered, one did not.  Five strongly disagreed, 11 disagreed, 3 neutral, 4 

agreed and 3 strongly agreed.  In a ratio of approximately 2 to 1, educators did not 

believe that the model would be too complex for their students to comprehend.  This still 

leads to an appreciable number who do think that the model could be beyond the 

comprehension of their students. 

 

Question 18:  The model has been presented in an artistic manner that would be 

interesting to your students? 

Twenty six answered, one did not.  One disagreed, 2 neutral, 7 agreed and 16 strongly 

agreed. A majority of the educators believe the artistic manner of the model would 

appeal to their students.  This question was of importance because the actual construction 

of the model was done by a third-party. 
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Question 19:  The model, presented in the same manner in which it was presented to 

you today, could serve as an effective teaching tool for the subject of super-coiling 

and epigenetics?  

Twenty five answered, two did not.  Two disagreed, 7 neutral, 6 agreed and 10 strongly 

agreed.  A large majority of educators believe the model could be an effective teaching 

tool for supercoiling and epigenetics. 

   

Question 20:  The model would be an effective teaching tool presented in a purely 

digital manner? 

Twenty four answered, three did not.  Five disagreed, 3 neutral, 10 agreed and 6 strongly 

agreed.  A large majority of educators believe the model could function as a teaching tool 

in a digital presentation. 

     

Question 21:  The model’s flexibility effectively allows for the teaching of 

nucleosome functions?  

Twenty six answered, one did not.  Four neutral, 7 agreed and 15 strongly agreed. The 

majority of educators believe the nucleosome’s flexibility allows for effective teaching of 

its functions. 

    

Question 22:  To be effective the model should be designed to be handled by the 

students?    

Twenty six answered, one did not.  One neutral, 3 agreed and 22 strongly agreed.  

Virtually all educators that answered do believe the model should be designed to be 



89 

 

handled by the students.  This indicates that the model should be redesigned to be 

stronger, or find another way to present the model to the classroom as a whole.    

     

Question 23:  The posters would be an effective tool in the teaching of size 

differences in genetics? 

Twenty seven answered.  Nine agreed and 18 strongly agreed.     Virtually all of the 

educators believe the posters would be an effective teaching tool for showing size 

differentials.  This supports the effectiveness in the classroom with regard to their subject 

matter. 

   

Question 24:  The posters would be academically understood by the students of your 

classroom? 

Twenty seven answered.  Thirteen agreed and 14 strongly agreed.  The virtual majority of 

educators believe the posters would be understood by their students. 

   

Question 25:  The posters would be an effective tool in a digital format?  

Twenty seven answered.  Three neutral, 8 agreed and 16 strongly agreed. The majority 

of educators believe the posters would be an effective tool if shown in a digital 

presentation.  This supports the notion of having the short demo video and digital 

presentations of the posters included.   

     

Question 26:  The posters would be an effective tool in a physical format?  
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Twenty seven answered.  Two neutral, 10 agreed and 15 strongly agreed.  The  majority 

of educators believe the posters would be an effective tool if shown in a physical 

presentation. 

     

Question 27:  The posters have adequately conveyed the sense of the great size 

differential that exists between a single strand of DNA, the different stages of super-

coiling, and the overall form of a chromosome? 

Twenty seven answered.  One neutral, 12 agreed and 14 strongly agreed.  The majority 

of educators believe the posters would be an effective tool for showing the difference in 

sizes between varying genetic structures.   

   

Additional Comments 

In reference to the animation, one educator wrote, “As far as the animation topics are 

concerned, we have yet to delve that deeply into the mechanics and structure of 

nucleosomes and histones in general biology, especially when the in-depth information is 

NOT included on any of the assessments, districts or statewide.  The information is great, 

but may be too much for general classes.  I am not sure, but believe it would be better 

utilized by the AP class.”  This led me to believe that for this educator, who is a 9
th
 grade 

teacher, the information may be too complex for her class.  Yet, her comment also re-

enforced my own observation that the amount of information present at the high school 

level may be very limited.   

 



91 

 

In reference to the card game, one educator asked if “the cards could be made available 

w/o the suitcase? – for use as a free standing activity.”  Another educator stated 

“Excellent idea-great game.”   

 

For the nucleosome model a few interesting points were observed.  “The model, while 

nice, would be too distracting for the majority of my students.”  This would lead me to 

infer that perhaps in this case a digital model would perhaps serve a better purpose than a 

hands-on model in this teacher’s particular class.  Another educator noted that for 8
th
 

grade class, “students would enjoy putting the nucleosome together piece by piece (lots 

of excitement in finding out how the parts fit together.)”  This is a valid point, but in a 

physical model it did prove to be too difficult to successfully manage.   Fortunately, a 

digital model does exist in the animation, where students can see the histone components 

of the nucleosome come together.   A third educator noted that though “histone model 

also work as demo” the physical model is more important because “hands-on 

manipulation often beats digital virtual exploration b/c kids remember handling 

manipulatives.”   

 

For the posters an educator noted “your poster sequence was very good.  My students 

would understand that – and be amazed.”  This educator teaches an 8
th
 grade class, so if 

in her estimation her class would understand the poster concept than so should a 9th 

grade science class. 
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Other comments included “I absolutely love this suitcase and cannot wait until it is 

available to teachers.  Wonderful job!”   

 

“Animations and card game are fantastic!”    

 

“Great job!” 

 

One particular comment I believe holds a lot of merit reads “Digital CGI graphic 

representations are great-better than a textbook lesson, but w/limited kinesthetic learning, 

I don’t think student recall is as good!”  This point is important.  It stresses the educator’s 

need for a physical model that may help to improve the student’s general understanding 

of a concept.  And with such complex ideas, such as those in genetic mutations or 

epigenetics, hands-on models could potentially be a must.    
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CHAPTER FIVE 

Conclusions and Recommendations 

 

SUMMARY AND CONCLUSIONS 

 

Summary  

 

The goal of this project thesis was to create a lightweight scientific suitcase that 9th grade 

science educators would be able to utilize in their classroom environment as a resource 

tool when teaching about genetic mutations.  To this end, multiple visual aids were 

created based on 2-dimensional and 3-dimensional art styles.   

 

A primary component, the animation, was a mixture of 2-dimensional and 3-dimensional 

artwork put together through the use of multiple programs.  Maya 2009® and Adobe 

Photoshop Illustrator® served as the primary tools for creation of elements in the 

animation, while Adobe Soundbooth was utilized for properly editing the audio tracks 

acquired from a studio session.  Adobe After Effects®, Adobe Premier Pro® and Adobe 

Encore were then implemented to create the animation sequences, create a long form 

video and burn to a DVD, accordingly.  The animation was designed to help students 

better understand the basic mechanisms of genetics, genetic mutations, super-coiling and 

epigenetics.   

 

The card game, created so students may utilize their acquired knowledge of genetic 

mutations in a competitive game, was designed with the almost exclusive use of Adobe 

Illustrator®, with support material made by Maya 2009®.   
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The nucleosome, an important hands-on model, was created to help students comprehend 

the functions of histones and DNA.  Downloaded, modified and manipulated through 

Maya 2009® and built by specialists, the nucleosome is created from specialized foam 

capable of extreme flexibility and coated in a rubberized paint, allowing the whole model 

to be fully manipulated.  This model can assist students understand how the histones of 

the nucleosome can interact with DNA, ultimately allowing or inhibiting protein 

synthesis.   

 

The posters were initially created through Adobe Illustrator® and then put together in 

Adobe Photoshop®, where a sequence of three posters was designed.  These posters can 

help students understand the great size difference that exists between genetic structures, 

such as a nucleotide and a chromosome.   

 

A Teacher’s Instruction Manual built via Adobe Illustrator® and Microsoft Word® was 

included to assist teachers properly utilize the components within.   

Finally, demo videos of some of the components, such as the nucleosome, has been 

included to give a quick reference on how to utilize the material. 

 

Conclusions  

 

The project surveys returned with generally positive reviews over the different 

components, with a large support for the posters and animation, specifically the portion 
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on nucleosomes.  And though some educators did express concern that the information 

may be a bit too complex for their class, others did state that their own classes would 

understand it, and most supported the components and their presentations.  Educators 

expressed interest in utilizing the card game and some even requested if the cards could 

be provided as a stand-alone activity.  Initial survey results indicate this scientific suitcase 

will successfully assist teachers in helping to educate their class over genetic mutations. 

 

Recommendations 

 

A suggestion for future research might include testing this case at different educational 

levels.  Not just AP in high school, but perhaps middle school or early college courses.  

Another suggestion would be the translation of the material within to Spanish, a quickly 

rising language in the United States of America.  A final suggestion would be to do a 

study over a few years, specifically on genetic mutations, to see if students are benefiting 

from the material within the suitcase. 
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