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The goal of this project was to create a portable science suitcase exhibit that ninth 

grade biology teachers can utilize when teaching students the complex concepts of 

enzymes.  I created a homework handout, animation, game, hands-on models, laboratory 

experiments and an easy to use instruction manual.  This suitcase was created to bridge 

the gaps between required information for standardized testing and the details presented 

to them in current text books.  The entire suitcase was evaluated by current ninth grade 

biology teachers for its ease and usefulness inside their classes.  The suitcase‟s influence 

on students‟ interest, performance and retention will be tested by DISD, STARS, and 

APS once the suitcase has been incorporated into the curriculum.
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CHAPTER ONE 

Introduction 

 

 

 

Goal 

The goal of this project was to create a portable science module which included 

games, animations, hands-on models and laboratory experiments that ninth grade 

biology teachers can utilize in teaching students the complex concepts of 

enzymes.  The components of this module are self contained within a single, large 

case.  This is the first of seven science suitcases to be produced for the Science 

Teacher Access to Resources at Southwestern (STARS) Science Triathlon, a 

program developed in collaboration with the University of Texas Southwestern 

Medical Center Graduate School and Department of Biomedical 

Communications, the Dallas Interdependent School District (DISD), the Dallas 

Museum of Nature and Science and Advanced Placement Strategies (APS), and 

funded by a grant from the Howard Hughes Medical Institute.  Additional support 

was given by the O‟Donnell Foundation and the University of Texas 

Southwestern Graduate School. 

 

Objectives 

The first objective was to create quality visual aids that conveyed the dynamic 

structure of enzymes.  The second objective was to create a 3-D animation along 
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with 2-D characters that showed the dynamic process of enzymes and gave 

analogies to students‟ everyday lives.  The third objective was to create a game 

that challenged students‟ knowledge and sparked a healthy competition between 

teams of students.  The next objective was to create hands-on models of an 

enzyme and substrates to be used during a teacher demonstration that students 

could later touch and piece together.  The final objective was to combine the 

concepts of enzymes that the students learned from the animation, game and 

models and implement them into experiments where the students could see 

enzymes at work.   

 

Overall, I intended to create a portable science suitcase that biology teachers 

could easily utilize in order to enrich their science program for ninth grade 

biology students. This suitcase focuses on the areas of enzymes that students 

continue to misunderstand based on teacher interviews and tests scores.  With this 

project, I intended not only to create teaching materials that DISD teachers can 

easily understand and follow, but also to create a very flexible suitcase with 

components that can effortlessly be incorporated into different teachers‟ 

curriculum, lesson plans and class time.  This enzyme-based suitcase has the 

potential to aid in students‟ retention, excitement and general understanding of 

this information 

 



3 

 

 

Background 

 

Triathlon 

STARS designed a three part enrichment program called the STARS Science 

Triathlon. This project is composed of three parts which include workshops, 

symposia and research projects that DISD teachers can participate in during the 

regular school semesters and over the summer months.  These outreach activities 

will include three events that will take place over 15 months; a 12-day summer 

workshop, a series of symposia and an 8-week research program during the 

following year.  The Triathlon will be offered to 10 participating teachers each 

year and will cover core science topics that are mandated by the Texas Education 

Agency.  These topics are listed in the Texas Essential Knowledge and Skills 

(TEKS) and include chemistry, biochemistry, enzymes, membranes, organelles, 

cell respiration and photosynthesis. The first Triathlon event will consist of 

workshops that will instruct the teachers about the core science topics and give 

them lessons on using laboratory activities that will be constructed based on the 

TEKS core science topics.  During the school semester, the teachers will attend 

the second event, which consist of six symposia that will cover more detailed 

aspects of the core topics.  The third event will include research conducted by the 

teachers based on their experiences with the laboratories.  Each of the triathlon‟s 
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events will give the teachers tools to enrich their current teaching materials for 

ninth grade biology students.  

 

The laboratory activities that will be taught during the Triathlon will consist of 

fully functioning portable science modules that are called science suitcases. Two 

Biomedical Communications students were selected to design and develop the 

first two suitcases.  These suitcases will be designed as portable exhibits covering 

one of the TEKS core science topics.  They will contain animations, which have 

been proven to raise tests scores, along with games, models and experiments 

(Cradler 4).  Teachers will have the ability to reserve the suitcases free of charge 

throughout the school year.  

 

What the students are required to know 

The Texas Education Agency has developed a list of science topics and concepts 

that students should understand.  These concepts are published in the Texas 

Essential Knowledge and Skills (TEKS), and the Texas Education System 

requires students to take a standardized test called the Texas Assessment of 

Knowledge and Skills (TAKS) which covers the same concepts. Students are 

given the TAKS test during their tenth grade school year and the questions are 

based on the knowledge that they have acquired during the previous years. The 

TEKS requirement regarding enzymes for this age level is an understanding of 
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“the effects of enzymes on food molecules.”   Students should also understand the 

“ways in which matter interacts to create new substances” and how temperature 

can influence this interaction.     

 

Student learning styles 

Attention to student learning style is a strong factor in the development of 

successful learning materials.  There are three main learning styles; visual, 

auditory, and kinesthetic.  Regarding visual aids, visual learners focus on pictures 

and movement in videos; aditory learners like the narration from the video; and 

kinesthetic learners gain knowledge from role playing games and hands-on tools 

(Hassard, sec. 2.14:3).   

 

Many studies support open-ended collaborative learning among students. In a 

study reported by the High School Survey of Student Engagement (HSSSE), 55% 

of students in an honors course said they learned a great deal from discussing 

questions with no clear answer (What We Can Learn 12).  Students may also 

remember concepts better when engaged in the topics rather than passively 

receiving information from a lecture or text book (Using Multimedia, par. 2). 

When students construct science understanding from a combination of experience, 

interpretation and structured interactions with peers, they gain a higher 

comprehension (Using Multimedia, par. 2).  
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Significance 

The learning materials available to ninth graders learning biology are often 

inadequate and ineffective.  Most of the animated visual aids on enzymes that 

accompany current textbooks are flat 2-D animations.  These flat animations lose 

many of the dynamic qualities of these three dimensional proteins  

(Biology, chap. 2).  Hands-on models can be engaging and help students 

physically understand the dynamic structure of enzymes, yet most DISD teachers 

have little to no access to them (Ward‟s).  Many of the experiments that students 

conduct in a typical biology course rarely relate to their daily lives, but research 

shows if they did, students would be more prepared to tackle these concepts in the 

real world (Using Multimedia, par. 1).   

 

The intention of this science suitcase to provide teachers with a resource that 

could aide in students‟ retention, excitement, and understanding of biological 

processes presented to them in a typical ninth grade biology course.  The case will 

be maintained and distributed by STARS. Teachers from around the district have 

the ability to utilize these suitcases in order to illustrate dynamic science concepts 

in a more effective manner than their current teaching materials allow them.  This 

suitcase has the potential to give teachers resources that could not only help 

increase students‟ understanding of enzymes, but also possibly raise their test 
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scores on core science topics, stimulate their interest in science, and motivate 

them to attain a higher level of knowledge.  

 

Scope of the Project 

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

graders.  The materials incorporated into the suitcase could not exceed $3500 in cost.  

The materials also had to be easily replenished and the cost to maintain them for ten uses 

per year could not exceed $1000.  The written material intended for students such as the 

homework handout and laboratory experiments had to be easily reproducible on a plain 

black and white copy machine.  The animation had to be formatted to run on a PC or 

Macintosh computer along with any DVD player.  The game had to be flexible enough to 

fit within the suitcase and sturdy enough to last the wear and tear of three years of usage.  

The hands-on models had to be light enough not to heavily weigh down the suitcase but 

tough enough to withstand rough handling by students.  The experiments had to have 

easily maintainable materials that were accessible to all teachers.  They also had to 

contain procedures that only used sinks, electrical outlets and a minimal amount of other 

materials.  This would allow the labs to be readily used in all DISD schools. Lastly, all 

materials within the suitcase had to resist breaking even if the suitcase were dropped or 

shaken, dowsed with water or other liquids or exposed to extreme hot or cold temperature 

during transport and storage.   
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Evaluations 

The entire suitcase was demonstrated to seven ninth grade biology teachers from 

the Dallas community. These teachers were attending the first summer workshop 

of the STARS Triathlon at the University of Texas Southwestern Medical Center 

where they were learning laboratory experiments and activities to enrich their 

classroom.  They then participated in an informal evaluation of this suitcase 

which included twenty-eight questions.   

 

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

tested by DISD, STARS, and APS once the suitcase has been incorporated into 

the curriculum.      
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CHAPTER TWO 

Review of the Literature 

 

 

  

Diverse areas were investigated before I could develop the materials for this 

suitcase. Some of these areas included the required concepts from TEKS, written 

material currently available on enzymes, current media on this topic, literature on 

designing media for this topic, designing games and developing lab experiments.  

Each of these areas was then further researched to determine the most successful 

approach to these topics. 

 

Research has shown that the Dallas Independent School District needs help 

teaching its students about the complex concepts of enzymes. Dallas students‟ 

2006 tests scores showed that only 30% to 56% of students met minimum state 

standards of knowledge (Goodman 20).  The current material suffers many 

problems and is not a sufficient learning tool for ninth grade biology students.  

The literature review showed that material was needed to aid students‟ knowledge 

on this difficult biology topic.   

 

Relevant Literature 

Some of the reasons for students‟ low understanding and therefore low test scores 

regarding enzymes may stem from the current learning materials for this dynamic 
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topic.  The animations, models, handouts, and experiments aiding the students 

understanding of enzymes often contain numerous deficiencies.   

 

Most of the animated visual aids that accompany material on enzymes in 

textbooks are flat 2-D animations.  These flat animations lose many of the 

dynamic qualities of these three dimensional proteins (Biology, chap. 2).  

“Because they are flat, important spatial relationships of the process are not 

captured” (McClean 170).  Also, since these animations are often created by 

teachers who have not had professional art training and are not reviewed or edited 

by experts in the proper field, they may contain factual errors.  The animations are 

also rendered in a low quality which can be viewed on small computer monitors 

but when enlarged to view on a projector screen for the entire class, they are often 

blurry and jumpy (McCromick).    

 

Many teachers have also reported that hands-on enzyme models are very difficult 

to find.  In a search of available catalogs, few to no enzyme models were found 

(Ward‟s).  Models can be engaging and help students fully understand the 

dynamic structure of enzymes.   

 

The use of color is much more helpful for understanding than plain black and 

white (Savrock). Even though this is true, most teachers only have access to black 
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and white copy machines for mass reproduction.  These copy machines lose the 

help of vivid color images and often distort fine detail when translated to black 

and white.  

 

The experiments that many students are required to conduct in a typical biology 

course rarely relate to their daily lives.  Students that experience applying real 

world inquiry and reasoning will have a better grasp when faced with these 

questions as adults (Using Multimedia, par. 1). The Journal of Research in 

Science Teaching has also supported student associated experiments stating that 

active learning based laboratories teach students better than traditional book 

learning (Klahr 183).   

    

Similar Materials  

In the previous section it has been shown that ninth grade biology students of 

DISD struggle with the complex concepts of enzymes because of the low quality 

and quantity of visual aids regarding this topic.  The next section will discuss 

research found on different teaching materials. 

 

1. Homework/pamphlet for students to take home the night before.   

New concepts are very difficult for students to grasp the first time the material is 

presented.  The more terms and concepts that a student is presented with prior to 
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in class visual aids, the better retention and understanding with which the student 

will depart (Savrock).   

 

2. 3-D Animation showing the five aspects of enzymes that are difficult for 

students to understand. 

Numerous studies have shown that animations help raise students test scores.  In a 

study that used animations to teach cell biology to students at the University of 

Colorado at Denver, one class was split in half. Half the class was shown a two 

minute animation while the other half stayed in the hall.  The students who 

viewed the animation scored 10% higher on the quiz that followed the course 

(Stith 186).  Students that view instructional video, have higher interest, 

understanding and will to learn than students that only view text and static 

pictures in a text book (Cradler 3).   

 

The way students learn scientific concepts is also affected by the way an 

animation is produced.  In another study about animations in cell biology, junior 

level students at the University of Toronto learned more when text was next to the 

action on the screen (O‟Day, 2007 sec. “Introduction”).  Students that viewed 

animations that consisted of short 8-10 second segments followed by a question 

were more engaged in the process than students that viewed long animations with 

no stops (Cradler 4).  Animations with a conversational style of narration are the 
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best way for students to learn scientific material (O‟Day “Animated”, 255).   

Studies have shown that animations with text and narration cover both the 

auditory learner and the visual learner (Hassard, sec. 2.14). Two dimensional 

animations lose some of the spatial relationships of three dimensional dynamic 

processes (Using Multimedia, par. 10). 

 

Many artists decide to use a very simple style to animate enzymes.  This style 

often resembles puzzle pieces and basic shapes.  The 3-D shape of the enzyme 

and substrate are lost by this type of illustration.  

 

Scientific objects that are animated with too much realism are more difficult for 

students to understand than simplified versions of the same object (Savrock).  

In figure 2-2, one can see the abundant amount of information projected onto the 

student.  Again, this type of illustration can be confusing and without sufficient 

explanation.   
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Fig 2-2. Scan from the textbook Biology 7
th

 Ed, pg 81, by Neil Campbell and 

Jane Reese, Copyright 2005.  Reprinted by permission of Pearson Education, Inc. 

 

Also, animations that have very fast movement and narration can overwhelm a 

student and deter them from learning the material (O‟Day “Animated” 256).  

Overall, animations containing 3-D images and text on the screen to accompany 

the narration seem to be most effective.   

 

3. Competitive game that will split the class into their lab groups.  

Games are a proven motivator.  One teacher surveyed her class about their 

opinions of games. Of the students, 90% mentioned games as a motivator to learn, 

80% wrote the word “fun” when describing games as a way of learning and 30-

50% mentioned that games made them feel more comfortable with their peers.  

The same teacher also noticed a significant improvement in students‟ self esteem 
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during tests and social skills with other students when games were utilized in the 

classroom (Nemerow 362-364).  It has also been found that stimulating games are 

better for students‟ retention of knowledge than traditional book work  

(Spraggins 220).  

 

4. Hands-on models for the teachers to use as a demonstration and for the 

students to handle for extra visual understanding. 

While looking through a Ward’s science catalogue, I found few to no hands-on 

models for students to play with and view (Ward‟s).  Models not only further 

drive home the three dimensional concept of enzymes but they are an integral part 

of the kinesthetic learning style.  Any student can benefit from models, especially 

the kinesthetic learners.   

 

5. Laboratories (gelatin and fruit juice; milk and rennin) 

Students learn best by hands on experiences, especially in science classes (Using 

Multimedia, par. 2).  One study showed when teachers switched from traditional 

book work to experimental labs, students test scores rose (Taraban 960).  The 

Biological Sciences Curriculum Study (BSCS) suggests that a successful teaching 

style for science is letting students explore a concept.  Collaboration [from lab 

teams] allows students to learn from different viewpoints (Using Multimedia, par. 

39).  Many studies have shown that a collaborative environment is more 
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successful for students than environments with competition of individual 

approaches (Okebukola 882). This exploration and collaborative atmosphere can 

be achieved through the use of science labs and experiments.    

 

6. Quiz 

A quiz was constructed by formulating questions that tested the areas of enzymes 

that teachers found lacking. I followed the style of the TAKS tests established by 

the Texas Education Agency and wrote the quiz with multiple choice questions 

(2000, question 19).  I used sample TAKS questions regarding enzymes to plan 

my quiz.   
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Fig 2-3.  Screen grab from TAKS sample question website 

http://www.tea.state.tx.us/student.assessment/resources/online/eoc00/biology.html 

 

Conclusion 

Texas requires its ninth grade students to fully understand enzymes, yet currently, 

there are few quality visual aids constructed to assist ninth graders‟ 

understanding.  The resources given to students are poorly illustrated or overly 

complex.  They do not cover all of the learning styles that students possess and 
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they do not give ninth graders a complete and easy understanding of the dynamic 

concepts of enzymes.   
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CHAPTER THREE 

Methodology 

 

 

 

Planning the Project 

 

Purpose of the Project 

In order to begin the entire project, objectives and limitations had to be established.  As 

mentioned previously, the purpose of this project was to provide ninth grade biology 

teachers with innovative teaching tools regarding the complex concepts of enzymes, 

filling the gaps left by current materials on this topic.  The suitcase had to be flexible 

enough to fit into a variety of curriculums and easily transportable.  The entire project 

could not exceed costs of $3500.00 and needed to be replenished yearly for under 

$1000.00.  With these limits and objective established, the project could begin.  

 

Initial Grant Meetings 

Before beginning the design of the materials for this science suitcase, many meetings 

were conducted to understand the background of the grant that funded this project.   

 

The first meeting involved a representative from each component of the grant: O‟Donnell 

Foundation, Dallas Museum of Nature and Science, UTSW Graduate School, UTSW 

Biomedical Communications Department, AP Strategies, STARS and Texas Instruments.  

This meeting gave the attendees a brief overview of the entire grant and gave each the 

opportunity to discuss their intended contribution.  From this, meetings were scheduled 
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with all contributing parties to discuss further resources for the development of this 

suitcase.   

 

Pre-Project Survey 

A pre-project survey was produced in order to gain insightful information about the 

classroom environment and hear teacher‟s opinions about the instructional materials that 

they currently utilize.  The biology topics chosen for the first two suitcases were 

combined into one survey in order to keep teachers‟ time to a minimum. The survey was 

emailed to over a hundred teachers in the surrounding Dallas area in the hopes that we 

would hear back from as many as possible.  The questions on this survey included: 

1. What resources do you have available from the school?  (ie. computers for 

each student? computers that can feed into overhead projectors? lab desks 

with sinks?) 

2. Do you teach either of these topics; enzymes and/or organelles? 

3. If so, could you give us a brief description of the lessons for each topic? (ie. 

we let the students do a science experiment called "x", then they watch a 

movie called "x", then they can research on www.website, and then they are 

quizzed on chapter 3-4 from the text "x") 

4. Do you notice any specific areas of these topics that students really have a 

hard time grasping? 

5. What ways could you see ninth grade students getting engaged in these 

topics? (i.e. 3D models, interactive "games", physical activity, etc.) 

6.   Do you have any wishes or ideas for teaching these topics?  (i.e. resources to   

http://www.website/
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teach them that the schools do not offer teachers)  

7.   Are you willing and/or able to talk further about these topics in the future?  

      Maybe even in person? 

Five teachers responded to the survey (see Appendix A).  The results from these surveys 

were very helpful when designing this suitcase.  In regards to question number one, many 

teachers indicated that they had access to computer labs with enough computers for each 

student, over-head projectors, televisions with DVD players and full labs with sinks.  

Many teachers explained that their syllabus on enzymes included laboratory experiments, 

Powerpoint presentations, guided discussions and question-and-answer sessions.  One of 

the most important questions that the survey addressed was weakness in the students‟ 

knowledge about enzymes.  The following items were expressed by the majority of 

teachers as difficult areas for students: 

1. Specificity 

 2. Enzymes vs. Substrates 

 3. Optimal Temperature 

 4. Optimal pH 

 5. Overall conclusion and understanding of experiments 

When asked about engaging students, most of the teachers agreed that 3D models, 

interactive games and physical activity would suffice.  Next, we requested a wish 

list from teachers regarding classroom resources.  Many of the teachers requested 

more lab experiments and hands-on models of enzymes.  The final question on the 



22 

 

survey was intended to find teachers that would be willing to show us their 

classrooms, resources and teacher materials.  One teacher extended an invitation.  

  

Interviews 

An interview was then conducted with Ms. April Chancellor, a ninth grade 

biology teacher at Lincoln High School, along with Niteka Harwell, a DISD 

administrator contact. They indicated that the suitcase must easily fit into the 

current curriculum or replace a component because teachers are not given 

extensive flexibility with their syllabuses. The syllabuses used in DISD 

classrooms are copyrighted by DISD and special permission must be granted to 

see these items. Many attempts were made to view a current syllabus but none 

were successful.  The textbook that DISD recommends for ninth grade biology is 

Holt Biology.  The common time frame for a class period is 55 minutes.  They 

also indicated that from their experiences, students enjoy hands on materials and 

games. This meeting gave insightful information into an actual DISD classroom. 

 

Another interview was scheduled with René McCormick.  At the time of the 

interview, she was working for AP Strategies and helped write the book Laying 

the Foundation. This book was created to supplement a regular biology teacher‟s 

syllabus in order to prepare students for advance placement biology courses.  The 

book provides teachers with lab experiments, classroom activities and 
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recommended syllabi from the most successful teachers in Texas.  The teachers‟ 

success rate was determined based on their students‟ standardized test scores.  Ms. 

McCormick stated that Prentice Hall Biology and Campbell Reece Biology are 

textbooks that are often supplemented into many ninth grade biology classrooms. 

These texts provided addition references for current teaching materials on 

enzymes.   

 

The final interview took place at the Dallas Museum of Nature and Science with 

Paul Vinson.  He is currently the director of exhibits and theater services at the 

museum.  His interview included a tour of the museum‟s workshop where all of 

the exhibits are constructed.  Available resources for constructing the suitcase‟s 

components included large format printers, a workshop and materials such as 

silicone, plastic and vinyl.   

 

The museum has previously constructed similar science suitcases for elementary 

level classes.  We were able to search through these plastic suitcases and ask 

many questions.  They were filled with a variety of games that had instructions 

attached to each component.  The components were contained in large plastic bins 

with wheels and were stored on the lower level of the museum on a large shelving 

unit.  Teachers are currently able to rent a suitcase for a $50.00 fee which includes 

drop-off and pick-up.   
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Designing the Module 

 

Organization 

In order to minimize confusion, I decided to fit all of the suitcase‟s components within a 

single case.  The suitcase could be no larger than a standard sedan back door.  The weight 

of the suitcase could also not exceed a manageable weight of eighty pounds. As I 

designed the components for this suitcase as described below, I often retreated back to 

this organization and revised decisions to work within these parameters.   

 

Content Outline 

A final list of components was then established.  This list served as a guide when forming 

each component especially because many components were produced simultaneously and 

all of the components were constructed outside of their chronological order.  The 

components included: 

 1. Homework Handout 

 2. Animation 

 3. Game 

 4. Hands-on Models 

 5. Laboratory Experiments 

 6. Pre and Post Quizzes 

 7. Instruction Manual 
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Creating the Suitcase Components 

 

Advisory Committee 

Before beginning this project, I gathered an advisory committee that would review 

materials for this suitcase.  Each member brought expertise from different relevant areas.  

Lewis Calver, Chairman of the Biomedical Communications Graduate Program at UT 

Southwestern, and Kimberly Krumwiede, Associate Professor in the same program, are 

very familiar with focusing materials for specific audiences, 3D animations, artistic 

design and instructional writing.  My content expert on enzymes was Dr. Joel 

Goodman, Ph.D, Professor of Pharmacology at the University of Texas 

Southwestern, Director of STARS and the grant director. He oversaw the 

development of the suitcase and reviewed all materials for scientific accuracy.  

 

There were many people from the Dallas Museum of Nature and Science that 

helped with the development of this project.  Steve Hinkley, the Director of 

Education at the museum was previously a high school biology teacher for ten 

years and gave personal knowledge on teaching materials for this age group. Paul 

Vinson, the Director of Exhibits and Theater Services currently contributes to the 

design and construction of all of the museum‟s exhibits. Paul, along with many 

others from the museum staff, have successfully created similar suitcases for 

elementary level students and had the workshop and tools for creating hands-on 

models.  
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In order to create the laboratory experiments, I worked with Kimberly Wilson 

who is a University of Texas Southwestern graduate student in the biochemistry 

department.  She has experience writing lab write-ups and is currently studying in 

the area of enzymes.  She helped develop lab experiments that related to ninth 

graders‟ daily lives.   

 

Animation 

The first step in creating this animation was to establish key objectives.  After reviewing 

required concepts and teachers‟ survey responses, I devised a list of concepts that I would 

cover: 

 1. Substrates vs. enzymes 

 2. Catalysts 

 3. Reactions 

 4. Products 

 5. Biological reactions and reactants 

 6. Activation energy 

 7. Overall reaction conclusions 

 8. Active site 

 9. Specificity 

 10. Induced fit 

 11. Optimal temperature 

 12. Optimal pH 
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Before developing a script, I had to design two cartoon analogies.  The objectives with 

these analogies were to portray a catalyst and optimal temperature and pH.  Another 

objective was to include the same characters throughout both analogies.  Some of the 

original analogy ideas included a gas station and a fire pit.  The final analogies included a 

car as a catalyst, basketball players as the substrates, a basketball team as the product and 

the weather as the optimal temperature. 

 

The next step was to write a script.  Many drafts were written and revised before a final 

script was produced.  Each revision was emailed to Dr. Goodman for scientific accuracy, 

Steve Hinkley for classroom relevance and Kimberly Krumwiede and Lewis Calver for 

age appropriateness and artistic flow. The final script included questions for classroom 

discussion and cartoon analogies to help the difficult concepts leave a lasting visual 

impression. After discussing the DVD layout, it was agreed that the questions would span 

ten seconds and a reminder to pause the DVD would be included in the final version to 

help teachers lead the class discussion.  Below is a copy of the final script (Figure 3-1).  
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Figure 3-1. Animation Script. 
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Figure 3-1. Animation Script. 
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Figre 3-1. Animation Script. 



31 

 

Next came story boarding. Before constructing a fully rendered story board, I produced a 

preliminary storyboard with minimal small sketches to be approved by my department 

faculty.  This preliminary storyboard marked key points and gave me the opportunity to 

review some animation techniques that I had not previously worked with (Figure 3-2).  

 

Figure 3-2. Select frames from preliminary storyboard. 

 

 I then produced a series of storyboards that showed the full progression of the animation 

(Appendix B). The entire story board was approved for scientific accuracy by Dr. 

Goodman and artistic flow by Kim Krumwiede and Lewis Calver.   

 

I chose a cartoon style that was modern and appropriate for middle and high school 

students and avoided styles for younger age groups and adults.  The characters were 
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drawn as having slightly ambiguous ethnicities from multiple backgrounds.  Finally, I 

chose to form a team of both males and females.  Since the team was formed by friends 

and not a school or league, it did not require a single sex.  The intention was that both 

male and female students could relate to the characters.  

 

The final characters were drawn out on heavy white Bristol board using a fine permanent 

marker for the entire piece.  I then retraced the outside of each character with a thicker 

permanent marker to give added visual appeal and interest (Figure 3-3). 

 

Figure 3-3. Cartoon Characters. 

 

 The final characters were then scanned into the computer and color was added using 

Adobe Photoshop ®.  Small amounts of shadows and highlights were added for even 

more visual appeal.  Two sets of clothing were painted onto each character.  The first set 

were casual clothes used in the beginning of the  Forming a Basketball Team  analogy 
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and the second set were uniformly green to resemble players‟ team jerseys used in the 

remaining analogies. 

 

Based on my storyboards, I needed two sets of drawings for each character.  The first set 

was for the walking sequence in the first analogy Forming a Basketball Team. For this 

scene, each character needed a profile drawing with a detached arm and leg.  This 

provided the separate pieces needed to animate the characters to look like they were 

walking (Figure 3-4).  

 

Figure 3-4. Walking character‟s pieces. 

 

I then imported these character pieces into Adobe After Effects ® and animated their 

movements using key frames.  Each character was animated with right arm forward/ left 
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leg back, arms and legs at center and right arm back/left leg forward.  When sandwiched 

together, these movements produced a seamless walking motion (Figure 3-5). 
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Figure 3-5. Walking sequence in After Effects®. 
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The next set of drawings was straight-on views of each character.  These were used in 

Forming a Basketball Team along with the Optimal Temperature analogy. They required 

no special rendering and were therefore drawn in one piece.  These characters where then 

imported into After Affects ® and animated with simple fades and position key frames. 

 

My next step was to design the 3D model of my enzymes.  I researched scientifically 

accurate depictions of enzymes before developing my model.  The main inspiration for 

the basic shape was from surface models of proteins. 

 

I chose to design a single enzyme base model and then change the shape of the active site 

and the color for each scene.  This would minimize confusion for students trying to 

identify the enzymes.   

 

I started off by forming a basic enzyme shape using blob mesh in Studio 3D Max®.  I 

then turned the mesh into a polygon and booleaned a basic active site from the top of the 

enzyme (Figure 3-6). 
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Figure 3-6. Enzyme‟s Basic Shape. 

 

Next, I produced a particle cloud with metaparticles and chose the enzyme as the Object 

Based Emitter.  After adjusting the size and amount of particles, this left a bumpy texture 

that slightly resembled a surface filling model.  I would then snap shot a mesh copy of the 

particle system in order to create a model with fewer vertexes that could be easily 

manipulated (Figure 3-7). 
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Figure 3-7. Enzymes‟s Basic Texture. 

 

I took this enzyme model into Z-Brush and that is where I distinguished each scene‟s 

individual active site.  I strayed from a standard surface model in this area because I felt 

that the active site of a standard protein was not obvious enough for an inexperienced 

viewer.  I used brush tools set to subtract in order to shape a smoother more obvious 

active site (Figure 3-8). 
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Figure 3-8. Enzyme‟s Unique Active Site in Z-Brush. 

 

As mentioned previously, this step was done to the active site of each scene‟s enzyme in 

order to create a unique enzyme for each part while still minimizing confusion among 

students.  The unique enzyme was then imported back into the scene, turbo smoothed and 

a cellular bump map was added.  

 

The next models produced were substrates.  Initially, I tried rendering the substrates 

using blob mesh but this feature did not allow the substrates to separate after a reaction.  I 

then produced the substrates using simple spheres that overlapped each other at chemical 

bond sites (Figure 3-9). 
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Figure 3-9. Simple Substrate. 

 

In order to animate the reaction, each substrate contained spheres for before and after the 

reaction.  The spheres needed prior to the reaction were given a full opacity material with 

cellular bump maps.  The spheres needed after the reaction were given a zero percent 

opacity of the same material.  All of the spheres were grouped after the materials and 

opacity were added in order to create smooth movement during the animation.   The 

reaction was shown by animating the material‟s opacity.  For example, one substrate 

would contain 3 spheres before the reaction.  Once the reaction occurred, the material on 
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one sphere of this substrate would be changed to zero percent opacity in order to make it 

appear that the substrate had lost one of its spheres.  This gave the illusion that one sphere 

had been given to the other substrate involved in the reaction.     

 

The final production piece of the animation was individual scene backgrounds.  I started 

by creating a template background that contained three to four colors selected from my 

color palate.  These colors were painted onto a black background in Photoshop using an 

oil medium wet flow brush and a soft round brush.  The color was concentrated in the 

lower half of the template and gradually faded off towards the top.  Finally, dim white 

highlights were added to the piece at sporadic locations to add some visual dimension 

(Figure 3-10). 

 

 

Figure 3-10. Background Template. 
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Each scene required an individual background that contained color selections from that 

scene.  These backgrounds were produced using the template background and selecting 

scene colors from my color palate. 

 

Once the models were produced in 3D Max® they were animated using simple key frame 

animation.   Each movement was carefully timed to match the script narration.   

 

Next, I scheduled professional narration by Bruce DeBose at Medical Television (Med 

TV) located on UTSW‟s south campus.  Bruce has previously narrated for many 

television shows including some on Public Broadcasting Services (PBS).  His clear tone 

and professional readings were approved by my thesis committee and are intended to be 

used by subsequent suitcases.  He was given a script with highlighted words for emphasis 

and using the professional quality tools at Med TV, we produced a WAV file to later be 

edited onto my animation.  

 

After each 3D and 2D scene was created using either 3D Max® or After Effects® and the 

narration was recorded, it was time to edit the entire animation together.  I initially started 

editing in Adobe Premiere Pro® but soon realized that the quality of the 2D animation 

was lost by exporting into this program.  To fix this, I edited my entire animation in After 

Effects® which maintained the original quality of the characters.  In After Effects® I 

started laying out each sequential animation on my timeline.  I then added CCLight Ray 

effects to each reaction in order to simulate an energy burst. Next I added copyright-free 
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sound effects to the reactions, bouncing basketball, car, crowd cheers, and lock and key.   

These sounds effects were dimmed as to not subtract from the narration.  I then added the 

narration to parallel events in the animation.  Next, I added ambient music to the 

background that was also dimmed like the sound effects.  Finally, I added text with Arial 

Regular font for each class discussion question and highlighted terms.  Once the entire 

animation was complete, I exported the project as a high quality QuickTime® movie at 

H.264 compression.   

 

I then imported the movie into Adobe Encore®.  Within Encore® I created a template 

that utilized the branding techniques previously described.   This template had options to 

play the entir animation or to jump to selected chapters.   Chapters were then established 

for each section following a discussion question.  The following chapters were created by 

right clicking on the Encore timeline at those points and selecting “Add Chapter Point”: 

 1.  Introduction 

 2.  Biological Reactants 

 3.  Activation Energy 

 4.  Active Site 

 5.  Molecule Anatomy 

 6.  Induced Fit 

 7.  Denaturation 

 8.  Optimal Temperature and pH 

 9.  Review 
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Initially, I thought that I would only give the option to play the enter animation but after 

speaking with teachers, I decided to create these chapters.  This would then allow the 

teacher to easy replay chapters that students required extra review for.  The final DVD 

was created and then a label was produced using the branding techniques.  

 

Instructions for playing the animation were constructed and placed within the Teacher 

Instructions Booklet and were also added to the cover of the DVD (see Appendix C).   

 

Look 

One challenge of this project was to create branding that would be carried throughout the 

entire suitcase.  After starting the animation, I began to develop strategies to brand the 

components of the suitcase.  To start, I came up with a color palate to utilize throughout 

the entire project (Figure 3-11).  I chose to work with subtle hues of gold, green, blue and 

purple.  I strayed from the primary colors of pure red, yellow and blue because many 

elementary toys use those colors.  I wanted the colors to appeal to an older audience.  

This color palate unified my animation, game, models, labs and handouts.   

 

Figure 3-11. Color palate. 
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I went further into the branding once I designed the laboratory handouts.  These were the 

first handouts to be produced from this suitcase and set the stage for the homework and 

instruction booklets.  This layout included both a blue and yellow color bar that was 

chosen from my color palate (Figure 3-12).   

 

 

 

Figure 3-12. Handouts color bar for branding. 

 

The yellow color bar was used as a header for all of the hardcopy documents and labels.  

The blue color bar was used for subheading on all of the same documents.  These color 

bars were made fifty percent transparent in order to print clearly on a black and white 

copier.  If the colors were left at full saturation, a muddy grey bar was left when 

reproduced in this fashion.   

 

Another area for unification was in my font selection.  The font that chose was Arial 

Regular.  This font transitioned easily from hardcopy handouts to animations, from white 

back grounds to black, and maintained its clarity from large format to extremely small.   
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Another area for branding was in my images.  I chose to use a still image from my 

animation of an enzyme and two substrates on the majority of my components.  These 

components include the suitcase label, teacher instructions booklet cover, student 

handouts booklet cover and homework handout (Figure 3-13).  

 

Figure 3-13. Enzyme and substrate models for branding. 

 

The final area for branding was a title.  I settled on Enzyme Instigator as an overall title 

for this suitcase because enzymes basically “instigate” a reaction.  The name was short 

while still being catchy enough to stick in viewers memories.  This title was included on 

all documents as a header and also as a footer on subsequent pages.  This was done so 

that all documents pertaining to this suitcase could be identified if found individually. 

 

Game 

After starting the animation, I quickly began the process of designing a game.  Based on 

research and interviews, I settled on a format similar to Jeopardy®.  My first game was 

designed with three categories (definition, short answers and long answers) and nine 
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point levels for each category.  I redesigned that game into five categories (molecules, 

enzymes, wild card, reactions and analogies/synonyms) and five point levels for each 

category.  This allowed my board dimensions to be closer to a square than a long 

rectangle.  Questions were developed based on the information presented to the students 

in the animation along with reading material from current ninth grade biology text books. 

These questions were approved by Kim Krumwiede, Lewis Calver, Steve Hinkley and 

Dr. Goodman for age appropriateness and scientific accuracy.   

 

My initial designs combined a collaborative game with the hands-on models.  After 

testing this prototype on students, I realized that this approach was too complex and 

confusing.  I then separated these two components and focused on the game as a single 

element.   

 

I designed the entire board using components previously describe to brand this project.  I 

utilized the blue color bar for the title along with Arial Regular font throughout. I then 

added the enzyme and substrate images to the header.  I settled on a black background in 

order to minimize the appearance of inevitable dirt and grime. Next, I chose category 

colors based on my color palate.  The final step was developing a suitable name.  I chose 

to call my game Jeopardase, which combines Jeopardy® with the common enzyme suffix 

of,  –ase.  

 

The material of the board needed to be sturdy enough to withstand general wear and tear 

yet light enough hang on board clips or sit in a chalk reservoir.  I teamed with Jorge 
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Escobar of the Dallas Museum of Nature and Science to resolve these issues.  He is 

currently the museum‟s graphic design expert and works on projects involving print and 

unique materials on a regular basis.  We initial thought of using a thin aluminum sheet 

with magnets for the game cards but decided that this would create a heavy product.  Our 

final material included light-weight, black PVC sheet board with an adhesive vinyl print 

of my game.   The game cards were printed using the same vinyl yet they were adhered to 

white PVC sheet board.  Each card was secured to the board using Velcro®.   The final 

product was light and durable (Figure 3-14). 

 

 

Figure 3-14. Jeopardase Game. 
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Instructions for the game were constructed using helpful images to guide the teacher 

through a quick set up and progression of the game.  These instructions are located in 

Appendix C. 

 

Hands-on Models 

Simultaneous to producing the animation and game, I began the design of hands-on 

models. My objectives were the following: 

1. To produce a durable product that could withstand rough handling from 

students. 

2.  To make an enzyme that allowed only one set of substrates to dock on the 

active site in order to emphasize specificity. 

3.  To make two other sets of substrates that would not fit into the active site 

4.  To form the models similar to my 3D animation models. 

5.  To use magnets in the active site and base of the substrates to represent the 

energy that enzymes add to reactions.   

Nearly every interviewed teacher requested these models and I felt very strongly about 

producing a quality product that was fun and interactive.    

 

My first prototype was produced using blue Crayola Model Majic® modeling foam. This 

foam could be sculpted into any shape and would air dry to a very light weight hard foam 

consistency.  I sculpted this foam into a shape similar to my 3D enzyme model and then 

pressed magnets into the active site and covered them with a thin layer of the modeling 

material.  I then created substrates that would fit snuggly into the active site.  I added 
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magnets with opposing poles into the base of these substrates.  Once the models dried, 

the substrates would fit into the enzyme‟s active site only one way because of the 

magnets‟ force.  The problems with this prototype were the modeling material and 

magnet strength.  The material dried so quickly that it was very difficult to form and the 

magnets strength barely gave a noticeable pull (Figure 3-15). 

 

Figure 3-15. First Hands-on Model Prototype. 

 

 

My second design included a four inch enzyme model with baked in magnets.  I formed 

the enzyme with Sculpy®, pressed the magnets into the active site and covered them with 

more clay.  The clay was very pliable and could be easily shaped and smoothed without 

drying and cracking.  In order to create a stronger pull with the magnets, I combined two 
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magnets and added both to the site.  I then repeated these steps with the substrates.  Next, 

I baked the models at 275°F for twenty minutes until they were very hard and durable.  

These models were then painted with glossy acrylic craft paint.  The problems with this 

prototype were that when baked, the magnets lost a small amount of power and the 

models weighed a significant amount for their small size.  Also, while the clay was very 

hard after baking, it would shatter if dropped on a hard surface (Figure 3-16). 

 

 

Figure 3-16. Second Hands-on Model Prototype. 
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After consulting with Greg Contestible, an exhibit artist at the Museum of Nature and 

Science, I decided that the next model would be sculpted form professional grade 

Sculpy® and two piece silicone molds would be made of each model. From this mold, a 

model would be cast out of smooth cast plastic.  Various carving tools were used to 

mimic the crevices and texture of my model as well as a cut golf ball pressed into the 

surface of the clay to create bumps similar to my digital model. Some of the limitations 

that we endured were:  

1. Making a model with limited undercuts for the silicone molds. 

2. Forming the active site at an angle that would easily pop apart the correct 

substrates with magnetic help.  

3. Developing a specific active site shape that was subtle enough not to easily 

indicate which substrates were correct. 

 The final enzyme was eight inches long and had an active site with a specific sized rim 

that would only allow one size of substrate to settle (Figure 3-17). 
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Figure 3-17. Final Enzyme Model. 

One set of substrates were then formed to fit snuggly into the enzymes active site.  The 

other two sets were made slightly larger than the active site.  This prevented them from 

fitting into the site yet prohibited the outcome from being obvious. 

 

The next steps involved pouring the silicone molds that would allow multiple copies of 

these models to be created.  The enzyme and substrate models were carefully molded 

using a silicone material that created a relief of each model.  Pour holes were added to the 

molds to create an entrance for the plastic solution which was then poured.  The final 

result was a tough plastic model for each carved enzyme and substrate that could be 

easily reproduced.  Full instructions for creating these models are located in Appendix D.    
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The next step was determining proper placement for the magnets. I bought industrial 

strength magnets with pull strengths ranging from two to sixteen.  These magnets were 

much stronger than the magnets used for the first two prototypes.  First we tried placing 

the magnets within the molds before pouring the plastic solution.  We created frames 

using metal wiring that suspended within the molds (Figure 3-18). 

 

 

Figure 3-18. Initial Magnet Placement. 
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We thought that this would allow a cleaner final product.  The problem was that every 

time we completed the mold, the magnets moved ever so slightly during the drying 

process and would therefore not connect to their counterpart.   

 

The next try involved drilling.  We poured a plastic model, let it set and drilled into the 

active site where we believed the magnets should be placed.  We used a drill bit the same 

size as the magnets and saved the dust from the plastic.  We combined this dust with a 

clear silicone and filled the holes after placing magnets inside. This combination created 

a final model that was clean, durable, and snapped apart after entering the active site.  

Full instructions for making these models are in Appendix D.   

 

In the final steps, I matched the plastic dyes to colors found on my color palate.  I chose 

yellow for the enzyme, purple for the correct substrates and green and blue for the 

incorrect substrates.   A hard wood base was cut to ten by seven inches and stained 

ebony.  A clear silicone block was cut to five by five inches and adhered to the center of 

the wooden block.  The enzyme was then adhered to the silicone block.  This base gave 

the enzyme presence and created a sense of floating on top of the wooden block.   I then 

purchased transparent colored, square, acrylic containers from The Container Store®.  I 

chose blue, green and purple containers to match the colors of the substrates that would 

be going inside.  I used these containers not only to hold the models within the suitcase 

but also to serve as bases during the teacher demonstration of these models.  I turned the 

lids upside down and adhered three inches of foam to the inside.  I then carved out small 

circular grooves that helped the substrates stand upright when placed into these bases.   I 
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purchased a handled container for the enzyme model so that teachers could pull it out of 

the suitcase using the handles instead of tugging at the model itself.  Finally, I labeled 

each of the containers using the yellow color bar and Arial Regular font.  The enzyme 

was titled Trypsin, the correct substrate was titled Protein with Peptide Bonds, the blue 

substrate was titled Fats and the green substrate was titled Carbohydrates (Figure 3-19).  

 

 

(Figure 3-19. Models and Bases) 

 

I chose these titles because they were subtle enough not to give away the answer to 

students. Some enzymes have names very similar to the substrates that they react.   

Within their homework handout is a question asking them “with which substrates does 
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trypsin react?”  If the students take the initiative to answer this question, they will know 

which substrate fits into the enzyme‟s active site.   

 

The final product was three pairs of substrates with corresponding containers and bases 

and one enzyme on a wooden base within a handled plastic container.   

 

As described within the Game section, these models were initially going to be 

incorporated into the game.  I designed the models as the second part to the game.  After 

a team had reached 600 points from answering Jeopardase questions, they could try 

picking the correct substrates from the three choices.  If the students chose the wrong set 

of substrates, they would not fit into the active site and the team had to wait until their 

next turn to try again.  If the team chose the correct set of substrates, they had won the 

game.   

 

I tested this game design on nine current students of the Biomedical Department.  This 

initial designed proved to be very confusing and therefore I decided to develop a separate 

teacher demonstration with these models that the students could later manipulate.  The 

instructions for this teacher demonstration are located within Appendix C.  

 

Laboratory Experiments 

The next components that I developed were the laboratory experiments.  I worked with 

Kimberly Wilson, a doctoral student from the Biochemistry Department at UTSW to 

design these labs.  Our objectives with these labs were to create simple experiments that 
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utilized aspects of the students‟ daily lives to show optimal temperature and optimal pH.  

The labs also needed to be relatively low in cost and contain products that teachers could 

easily obtain.   

 

We brainstormed many labs that included luciferase from fire flies, detergent, gelatin and 

fruit juice, milk with vinegar and horseradish.  In the end we settled on using a gelatin 

and fruit juice lab to describe optimal temperature and a milk with rennet lab to describe 

optimal pH.  The gelatin lab was designed after looking at experiments such as those 

created by Anne McDonald and Michael O'Hare regarding enzymes and jello.  The milk 

lab was formed from looking at experiments such as “Rennin Investigation” by Tamsin 

Chipperfield. 

 

Next, we wrote a rough draft of the labs and I tested each in my kitchen which included 

similar tools to a high school science lab.   

 

The initial draft of the gelatin lab included using three different juices and testing all of 

them at three temperature intervals on a slice of gelatin. The three juices were pineapple, 

kiwi and papaya.  The theory was that each fruit juice‟s enzymatic behavior would work 

best at a certain temperature.  The problem with the lab was that there was not a 

significant difference between the three juices and it took over an hour to perform.  Each 

juice broke down the gelatin to a similar degree.  Kimberly and I revised the lab to 

include only pineapple juice and a colored slice of gelatin.  Using fewer juices also made 

the total time spent performing the lab less than 55 minutes which is a normal class 
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period.  Using a colored slice of gelatin made the results more obvious.  The final lab 

showed students what would happen to pineapple enzymes if placed in a cold, room and 

hot water bath.  The juice was then poured over a thin slice of blue gelatin and timed for 

eight minutes to see the results.  The final outcome was that the room temperature juice, 

which was close to that of the natural environment of a pineapple, broke down the protein 

matrix within the gelatin.  The cold juice‟s enzymatic power was halted and therefore 

showed little results of breaking down the gelatin.  The hot juice‟s enzymes, which was 

cooled down to room temperature before adding to the gelatin, were denatured from the 

extreme temperature and therefore also showed little results of breaking down the gelatin.  

Overall, the lab was simple to execute and gave the students a glimpse of optimal 

temperature.  

 

The second lab used a milk solution and rennet to describe optimal pH.  The initial lab 

contained five different pH levels ranging from four to eight.  Each pH buffer was added 

to a tube of rennet solution and both were then added to a milk solution.  The theory was 

that rennet, which is an enzyme in a calf‟s stomach that breaks down the mother‟s milk, 

would break down the milk solution better at a pH level close to the natural environment 

of the stomach.   The lab was successful but time consuming.  The pH 4 solution broke 

down the milk into tiny flakes while the pH 8 solution did nothing to the milk.  In order 

to complete the lab within a given class period, we revised the experiment to use only pH 

4, pH 6 and pH 8.   
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After successfully creating the labs,  Kimberly and I produced a liter of each solution 

which would be enough for 6 teachers‟ classes. The following directions describe the 

process for reproduction:  

1.  pH 4 :  Combine 9.9 grams of Sodium Ascorbate into a glass beaker of 500 

mL of water.  Place the contents on a stir plate with the pH reader inside.  Next 

add one molar hydrochloric acid until the solution reaches pH 4.  Next add 

another 500 mL of water to reach a desired amount of one liter.  Double check 

the pH with the reader.  

2.  pH 6 :  Combine 9.7 grams of MES into a glass beaker of 500 mL of water.  

Place the contents on a stir plate with the pH reader inside.  Next add one molar 

hydrochloric acid until the solution reaches pH 6.  Next add another 500 mL of 

water to reach a desired amount of one liter.  Double check the pH with the 

reader.  

3.  pH 8 :  Combine 6.1 grams of Tris into a glass beaker of 500 mL of water.  

Place the contents on a stir plate with the pH reader inside.  Next add one molar 

hydrochloric acid until the solution reaches pH 8.  Next add another 500 mL of 

water to reach a desired amount of one liter.  Double check the pH with the 

reader.  

 

After testing this lab on teachers, we found that the pH 4 solution did not break down the 

milk.  We looked at the three variables of the lab, powdered milk, rennet tablets and pH 

solutions, to determine the cause.  Initially, the pH solutions for the lab would be 

prepared once a year in a bulk batch, after our findings we realized that this was not a 
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possibility.  After using a fresh batch of pH 4 solution, the experiment worked perfectly.  

Even through the old pH solution was still reading a correct pH value, the Ascorbate had 

potentially oxidized in the plastic storage container and turned a rusty orange color.   We 

revised the lab to accommodate this issue.  We only filled the container with half a liter 

of the solution and then indication on the restocking form that the solution needed to be 

remade every 2-3 months.  While the other solutions worked, they might also need to be 

made more frequently than previously anticipated.     

 

The final lab instructions were designed using the yellow color bar for the header and the 

blue color bar for the subheadings.  I used large sized numbers throughout the procedure 

along with check off boxes next to each step.  These allowed students to easily follow the 

procedure and check off steps as they proceeded.  I also included photographs of many of 

the steps so that visual learners could follow effortlessly.  

 

Finally, I designed teacher instructions for the set up and progression of each lab.  These 

instructions included extra photographs of the lab results along with tentative answers for 

the data analysis section of the lab.  The teacher instructions can be seen in Appendix C.  

The full student version of the lab can be seen in Appendix E.   

 

Inside the suitcase I included many lab supplies for these experiments.  The supplies 

included in the case are three pH solutions at 4, 6 and 8, a strainer, two ice cube trays, 

one mL pipettes, powered milk, plastic knives, gelatin packets, rennet tablets, blue food 

dye, pH strips and thermometers.  The supplies not included in the case are beakers, test 
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tubes, grease pencils, test tube racks, paper plates, and a pineapple.  These supplies are 

either standard high school lab supplies or easily purchased.   

 

Homework 

My intention behind the homework handout was to expose the students to the complex 

concepts of enzymes and review a few theories that they should have learned in prior 

lessons. One of these review concepts was pH.  I gave a short description of pH to 

students as a review for the many times that pH is covered in this suitcase.  I tried to 

cover the basic objectives mentioned from the teacher surveys in order to expose the 

students to these terms as many times as possible.   

 

When designing this homework handout, Dr. Goodman and I felt that it was very 

important to show students the various ways that proteins can be depicted.  As previously 

described in the Animation section, I chose to develop the enzymes in this suitcase after a 

surface model.  I dedicated the entire second page of the homework handout to describing 

the different scientific portrayals of proteins and enzymes.  The main objective behind 

this addition was to give students a visual reference to link the enzymes found within this 

suitcase to enzymes portrayed throughout science.  Many books simply give students 

these images and never link the concepts to each other.   

 

Another area that I added to the homework handout was fun facts.  These facts compiled 

to spark students‟ interest and carry concepts about enzymes into their everyday lives.  
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These facts were found using internet searches from sources such as Dictionary.com for 

the yeast reference and Genome News Network for the onion reference.  

 

Several revisions were made to the handout including justifying the text to follow the 

current textbooks‟ style, highlighting key terms, and varying the image sizes for added 

visual flow.  

 

The final homework included references to enzymes in students‟ daily lives, pH, optimal 

temperature, different protein images, fun facts and homework questions.   I used the 

yellow color bar for the header and the blue color bar for the subheadings.  I produced 

images to tie into the text that were simple and bold with few tiny details so that when 

reproduced on a standard black and white copy machine these images would maintain 

their original clarity.  I also added the enzyme and substrate images from the section on 

branding to the header of this document to tie it into the other documents of this suitcase.  

A hardcopy of the homework handout is located in the Student Handouts Booklet and a 

PDF file of the document is located on the PDF documents CD (Figure 3-20). 
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Figure 3-20. Final Homework handout. 
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Finally, a teacher version of the homework handout was produced with answers to the 

questions highlighted in red and italicized.  This version is located in the Teacher 

Instructions Booklet and also in Appendix C. 

  

Quizzes 

The quizzes included in this suitcase are suggested questions to test students‟ knowledge 

about enzymes before and then after this suitcase is presented to them.  The questions 

were developed from current textbook‟s questions regarding enzymes along with 

previous TAKS questions on the subject.  These questions can be revised to 

accommodate testing performed by STARS and AP Strategies in subsequent years.   A 

hardcopy of the quiz is located in the Student Handouts Booklet and a PDF file of the 

document is located on the PDF documents CD. 

 

Finally, a teacher version was produced with answers to the questions highlighted in red 

and italicized.  This version is located in the Teacher Instructions Booklet and also in 

Appendix C. 

 

Instruction Manual 

As previously mentioned, instructions for each component of the suitcase were produced 

and combined into one Teacher Instructions Booklet.  Keeping these elements together 

would help prevent losses and enable the teacher to easily access and necessary 

instructions in one convenient location.  This booklet includes: 

 1. About: A short section about the author and designer of this suitcase. 



66 

 

2. Suitcase components: A section showing individual photographs of each 

component of the suitcase along with a photo of the packed suitcase for easy 

reference when returning the case.  Each of these photos contains a key 

indicating the images contents. 

3. Overall suitcase instructions: An eight page document introducing the teacher 

to the suitcase.  It contains brief instructions for each component, a recommended 

syllabus and five option syllabi. 

4. Homework handout: A copy of the homework handout is located here along 

with red italicized answers for each question. 

5. Animation Q and A: This is a document to go along with the animation.  It 

contains the questions located throughout the animation along with their time 

location and answers.  This is document is to help the teacher lead a class 

discussion on these questions.  

6. Jeopardase game:  This section give set up and progression instructions for the 

Jeopardase game.   

7. Optional game rewards: These are optional prizes for the first, second and 

third place winners of the Jeopardase game.  Teachers are informed that they can 

make copies of these rewards and hand them out to the winners or reward them 

with different prizes of the teacher‟s choice. 

8. Hands-on models, teacher demo:  This section includes the setup and 

progression of the teacher demonstration of the hands-on models.  There are 

photographs to accompany many of the instructions along with check boxes for 

the teacher to follow.   
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9. Lab 1: This contains the set up and progression of Lab 1 (gelatin and fruit 

enzymes).  It gives teachers instructions for prepping the lab the day before and 

also setting up the lab on the day of.  It also includes extra photographs of the 

result along with answers to the data analysis. 

10. Lab 2: This contains the set up and progression of Lab 2 (milk and rennin).  It 

gives teachers instructions for prepping the lab the day before and also setting up 

the lab on the day of.  It also includes extra photographs of the result along with 

answers to the data analysis. 

11. Pre and Post Quiz: This section includes a copy of the quiz along with the 

answers to each question.   

 

The entire booklet is divided using color coded tabs that give easy reference to each of 

the above sections.  It was produced on a spiral binding to allow the booklet to lay flat 

when in use.  Each page was laminated for durability and waterproofing.  Most of the 

sections include check boxes for the teachers to follow.  The cover of the booklet shows a 

still image from the animation.  While the images are not the exact branding images of 

the enzyme and substrates, it utilizes these models in a slightly varied form.  The title is 

set in front of the yellow color box to complete the booklets branding. 

 

Additional Components 

Three remaining components were compiled for the completion of this suitcase.  I 

compiled a PDF documents CD which contained Adobe PDF documents of the suitcase 

components.  These documents include Lab 1, Lab 1 in large format, Lab 2, Lab 2 in 
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large format, homework handout, homework handout in large format, the animation 

script in case students need to follow along, pre-quiz, post-quiz and the entire Teacher 

Instructions Booklet.   This CD was created in case teachers wanted to print directly from 

their computer instead of making photocopies of the documents.  Large formats of Labs 1 

and 2 along with the homework handout were created for students with reading 

disabilities.   

 

I then compiled a Student Handouts Booklet.  This booklet contained the hardcopy 

student versions of each lab, homework, quizzes and glossary.  I designed the booklet the 

same way that I designed the Teacher Instructions Booklet with tabs, laminated sheets 

and spiral binding. 

 

The final document was a restocking list for the suitcase components.  This list contained 

the amounts of each component that needed to be inside the case.  The people assigned to 

handle the case could look at this document and make sure that all of the pieces are 

stocked and filled. 

   

Suitcase 

Next, I designed the packaging of the suitcase.  I purchased a black Pelican® case, 

catalog number 1690.  This suitcase is waterproof, contains wheels and a handle for easy 

transportation, has a lifetime guarantee against breakage or defects and includes a metal 

reinforced hole for a padlock.  This case also includes Pick N‟Pluck® foam that can be 
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sculpted to snuggly fit any shape and sized item.    Choosing this case ensured that the 

contents would be safe and secure while transported among multiple classrooms.  

 

After receiving this case, I started to design the layout of the components.  I began by 

laying out all of the components on top of the foam.  The list of components included: 

Teacher Instructions Booklet, Student Hardcopy Booklet, PDF documents CD, animation 

DVD, Jeopardase game cards, Jeopardase game board, enzyme model in handled 

container, three substrate models in containers, three pH solution bottles, a strainer, two 

ice cube trays, pipettes in a plastic container, powered milk in a plastic container, and a 

divided container with plastic knives, gelatin packets, rennet tablets, blue food dye, pH 

strips and thermometers.  Once I had laid out each component with at least one inch in 

between them, I started to pull out the foam blocks.  There are four layers of foam blocks 

and each component required a different number of blocks to be pulled out.  The 

Jeopardase board required special attention.  I had to pull out all four layers of foam and 

trim three inches from one length of the foam.  I then cut three inches from the 

corresponding foam of the lid.  This allowed a spot large enough to easily slide the game 

board in and out of the case (Figure 3-21). 
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Figure 3-21.  Packed suitcase components. 

 

 

The next step was to design the outside label of the case.  I started with the same enzyme 

and substrate image used on the booklet covers.  I then added a yellow color bar for the 

title Enzyme Instigator.  Next, I added the logos of the four sponsors in front of a blue 

color bar.  The final step was to take photographs describing the transportation of the 
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suitcase.  The photos included unlatching the handle, rolling the case, loading the case 

into a minivan and loading the case into the back seat of a sedan.  The label also includes 

the 65 pounds packed weight of the case (Figure 3-22). 

 

 

Figure 3-22.  Suitcase Label. 
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Continued Usage Considerations 

 

One of the objectives of this project, was to create components that could be easily 

restocked over the duration of this suitcase.  Taking this into consideration, each 

component was designed to fulfill this objective. A working documents DVD was given 

to STARS and the Biomedical Communications Department containing editable versions 

of each document and the required supplemental items such as labels and instructions. 

The following directions apply for each component: 

1.  Teacher Instructions and Student Handouts Booklets:  Each booklet can be 

reproduced by printing the documents from the PDF CD, cutting out the tabs 

from the Tabs document in the Instuctions folder, gluing them into their 

appropriate spot and then having the entire booklet laminated and bound with a 

spiral binding.   

2.  PDF and Animation Discs:  The two discs can be burned and labels can be 

printed from the Instructions folder of the working documents DVD.    

3.  Suitcase:  The actual suitcase was purchase online through Pelican Cases.  

This case has a lifetime guarantee and can be replaced if something breaks.  The 

label can be printed from the Instructions folder onto Vinyl paper with an 

adhesive backing.  A clear sheet protector should be added on top of the label.  

4.  The hands-on models can each be reproduced using silicone models stored at 

the museum.   Directions for the completion of these models are in Appendix D. 
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5.  Powdered milk, rennet tablets, blue food dye, plastic knives and gelatin:  

These products can be bought at nearly any grocery store.  Amounts for each 

item are located in Appendix H.  

6.  Thermometers, pH strips and pipettes:  These products were all ordered from 

Cole-Parmer Instruments Company and can be repurchased from there.   

7.  Jeopardase:  The game board and card are both created as Illustrator files.  

These file can be printed from the Jeopardase folder onto vinyl paper with an 

adhesive backing.  Then adhere these products onto PVC sheeting as indicated in 

the Game section of this chapter and cut them down to size.   

8. Solutions: The pH solutions for this project can be reproduced using the 

directions in the Laboratory Experiments section of this chapter.  

9. Containers: All of the containers for this project were purchase from The 

Container Store®.   
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CHAPTER FOUR 

Results 

 

 

 

Survey Development 

 

After the entire suitcase was complete, I performed an informal demonstration of the 

components for seven teachers from DISD schools participating in the STARS Triathlon.  

During this presentation, I showed teachers the proper use of each component and guided 

them through the Teacher Instructions Manual.  To evaluate the ease and effectiveness 

of the components, as well as determine whether the goals and objectives had been 

met, a survey was developed (see Appendix F).  The survey was created using a 5-

point Likert scale ranging from Strongly Agree (SA) to Strongly Disagree (SD). 

Twenty four statements were given pertaining to the goals and effectiveness of the 

animations, and teachers were asked to check the box that corresponded to their level 

of agreement with the statement. Also included in the survey, were three background 

questions regarding the age level and subjects that the teachers instruct.  Additional 

questions were added at the end of the survey to gain information on the components 

that they enjoyed the most and least, along with the available resources to these 

teachers.  The survey was created in Adobe InDesign®.  Spaces were also provided 

for all survey participants‟ to add comments after each question. This survey was 

developed to obtain current ninth grade teachers‟ opinions about the ease and usefulness 

of the components. 
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Demonstration and Survey  

 

Seven teachers chosen for the Triathlon participated in the demonstration and survey.  

These teachers were from the surrounding community high schools and teach biology 

to ninth grade students.  They will also receive first access to using the suitcase in the 

following school year.  The survey was distributed to the teachers at the beginning of 

this demonstration.  Throughout the demonstration, I gave the teachers time to fill out 

portions of the survey that pertained to the prior information.  They were also 

encouraged to leave additional comments. 

 

Survey Results  

 

 

All of these seven teachers taught regular biology and five also taught pre-AP 

biology. In compiling the results for each of the ten statements in the survey, the 

statistics were calculated, and a bar graph comparing the result was created (Table 4-

1).The additional questions were then reviewed and evaluated (See Appendix G). 
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Table 4-1. Survey Results. 

 

Statement 1: The Teacher Instructions Booklet was designed in a clear and easy 

to understand format.  

Five teachers strongly agreed and two teachers agreed. The positive response 

to this statement shows the teachers felt it was an easy teaching tool.  Two teachers 

commented that they “loved the tabs!” and thought the “tabbed format is wonderful.” 

 

Statement 2: The Homework handout included helpful inforation to engage 

students in the complex concepts of enzymes. 
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  Two teachers strongly agreed, three teachers agreed and one teacher was 

neutral.  The neutral teacher commented “I think maybe the „different ways to look at 

enzymes‟ page is irrelevant to the material that students need to know” and “might be 

too complicated.”  This answer was foreseen when creating the document.  The 

objective of this case is to give students information that will lead them to advanced 

placement courses.  While this information is not required for standardized testing, it 

is important for a full scientific understanding of the subject.  One of the teachers that 

agreed with the statement commented “I would like at least 5 questions on the 

homework assignment.”  This suggestion was a positive improvement to the 

homework and therefore two additional questions were developed and added to the 

final handout. 

 

Statement 3: The Teachers Instructions of the Homework Handout has the 

answers laid out for easy grading. 

 Three teachers strongly agreed and four teachers agreed.  Overall, everyone 

agreed this was an effective way to lay out the answers. 

 

Statement 4:  The instructions for playing the animation were clear and helpful. 

 Four teachers strongly agreed and three teachers agreed.  Overall, everyone 

agreed that playing the animation would be easy. One teacher commented “Great.” 

 



78 

 

Statement 5:  The questions throughout the animation were relevant to the video 

and were placed at appropriate intervals for class discussions. 

 Five teachers strongly agreed and one teachers agreed.  One goal while 

creating the animation was to involve the students in a class discussion.  The positive 

results from the teachers that answered this question support the successful 

completion of this goal.  One teacher who strongly agreed commented that the 

questions were “very appropriate for all levels (high and low levels of learners).”  

This statement suggests that this suitcase will smoothly transition into a variety of 

biology classrooms. 

 

Statement 6: The Animation Questions and Answers located within the Teacher  

Instructions Booklet were easy to follow and provided useful information    

with which to lead a class discussion. 

 Four teachers strongly agreed and three teachers agreed.  Throughout the 

creation of this entire suitcase, designing instructions that were easy to use and follow 

was a top priority.  The positive results of this statement supported that I had 

accomplished this priority. 

 

Statement 7: The cartoon analogies about “forming a basketball team” and 

“starting a car in extreme temperatures” were an effective way to portray these 

topics. 
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 Five teachers strongly agreed and one teacher agreed.  Respondents agreed, 

suggesting that the analogies would be successful in the classroom. 

 

Statement 8: The animations clearly described many of the complex concepts of 

enzymes. 

 Four teachers strongly agreed and three teachers agreed.  Two teachers 

commented that it would be helpful if I related substrates to reactants.  Making a 

change like this was not possible for the animation.  Instead, I opted to add a few 

sentences to the homework assignment regarding this topic.   

 

Statement 9: The animation would appeal to students. 

 Four teachers strongly agreed and two teachers agreed.  One teacher 

commented that her students “would find it funny.”  Of the teachers that responded, 

all agreed that the students would find the animation appealing. 

 

Statement 10: The teacher instructions on the Jeopardase board game clearly 

described the full setup of the game. 

Four teachers strongly agreed and three teachers agreed.  Respondents 

agreed, suggesting that the instruction were easy to understand. 

 

Statement 11: The question board was easy to display and use during the 

progression of the game. 
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Four teachers strongly agreed and three teachers agreed.  Three teachers 

mentioned that they would appreciate having the game set to an interactive Smart 

Board®.  All of the teachers agreed that game was easy to use.  

 

Statement 12: The game created a fun atmosphere that would spark friendly 

competition between my students. 

Four teachers strongly agreed and two teachers agreed.  The teachers had the 

opportunity to play the game and all of those that responded, they agreed that it 

created a fun atmosphere. 

 

Statement 13: The teacher instructions on the hands-on model demonstration 

were clear and helpful. 

Six teachers strongly agreed and one teacher agreed.  The teachers were very 

excited about the hands-on models.  They all thought the demonstration was clear and 

easy to follow.  Two teachers thought the models were so helpful that they requested 

enough models for the entire class to play with.  A few teachers commented 

“Amazing” and “Love it!”  

 

Statement 14: The teacher instructions of the laboratory experiments were clear 

and helpful. 

Three teachers strongly agreed and three teachers agreed.  After the teachers 

performed these labs by following my instructions they were asked to complete these 
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statements.  Of the six that answered, they agreed that the labs were clear to 

understand. One teacher added “the check-off boxes are neat.” 

 

Statement 15: The laboratory experiments were easy to understand and follow. 

Four teachers strongly agreed and two teachers agreed.  Six of the teachers 

found the labs simple to follow.  One teacher added that “in the directions, have the 

students label pH strips.  Also, use a pipette to put pH solution on the pH strips.”  

This comment was in relation to the section of Lab 2: Milk and Rennin, where the 

students are asked to check the pH of the rennin and pH solution.  When testing this 

lab, I used four inch long strips of pH paper and dipped it into the test tube.  The final 

suitcase contains 3 inch long strips which do not reach the bottom of the tubes.  This 

was a great suggestion and corrections were made to the final lab document.   

 

Statement 16: The labs were good examples of optimal temperature and pH of        

enzymes. 

Three teachers strongly agreed and three teachers agreed.  One objective of 

this suitcase was to teach students about optimal temperature and pH.  The positive 

results indicated that this objective was met. 

 

Statement 17: The photographs throughout the laboratories helped reinforce the  

procedures of the experiments. 
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Five teachers strongly agreed and one teacher agreed.  One teacher 

commented the “photographs are extremely helpful.”  Of the six teachers that 

answered, all agreed that the photos were a positive addition to the labs. 

 

Statement 18: The transportation instructions located on the outside of the 

suitcase were easy to understand. 

Three teachers strongly agree, two teachers agreed and one teacher was 

neutral.  Most of the teachers felt that the instructions gave clear descriptions for 

transporting this suitcase.   

 

Statement 19: The actual suitcase was easy to transport. 

Three teachers strongly agree, two teachers agreed and one teacher was 

neutral.  This statement was intended to gather information about the teacher‟s 

opinions of the large suitcase. Overall, the teachers agreed that the case was easy to 

transport.  One teacher commented “most definitely.”    

 

Statement 20: The photograph of the packed suitcase located within the Teacher  

Instructions Booklet gave quick and easy reference for the components of the 

suitcase. 

Three teachers strongly agree and three teachers agreed. Overall, the 

teachers agreed that the photographs were a helpful guide for the components of the 

suticase.    



83 

 

 

Statement 21: The components of this suitcase will be easy to incorporate into 

my current curriculum of enzymes. 

Three teachers strongly agree and three teachers agreed.  One of the 

objectives for the project was for the components to easily transition into a teacher‟s 

current curriculum.  Overall, the teachers agreed with this statement.   

 

Statement 22: The components of this suitcase will enhance my current 

curriculum of enzymes. 

Three teachers strongly agree and three teachers agreed.  This statement was 

designed to find out the teacher‟s overall opinion on this suitcase.  Overall, the 

teachers agreed that the case would improve their teaching materials on enzymes.  

 

Statement 23: The contents of this suitcase reinforce the concepts about enzymes 

that I must teach my students for standardized tests including the TAKS. 

Three teachers strongly agree and three teachers agreed.  Another objective 

of this project was to bridge the gaps between current learning materials on enzymes 

and what is required on standardized test.   

 

Statement 24: I would recommend this suitcase to other science teachers. 
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Three teachers strongly agree and three teachers agreed.  This statement was 

meant to see if the teachers enjoyed this suitcase enough to recommend it to their 

colleagues.  The six teachers that reponded agreed.  

 

Additional Questions 

Each teacher was then asked an additional four questions.  These questions were 

designed to see which components the teachers liked, which they disliked and what 

resources they currently have available to use.   

 

Question 25: Which component of the suitcase do you think was most effective? 

 Two chose the labs, one chose the animation, one chose the animation along 

with the models and one chose the animation combined with the models and labs.  

Two people commented that all of the components will be effective. 

 

Question 26: Which component of the suitcase do you think was least effective? 

 Two chose the homework handout and four did not answer.  One teacher 

stated “N/A”.  This may have indicated that most of the teachers did not feel that any 

of the components were ineffective. 

 

Question 27: What type of machine do you currently have access to play movies 

and animations in your class room?  
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 All of the teachers have access to PC computers with a projector, none of the 

teachers have access to a MAC and three of the teachers had access to TVs with 

DVD players.  

 

Question 28: Check the boxes next to the components that you currently have 

for teaching students about enzymes: 

Four stated that they have homework with only text, one stated s/he has 

homework with illustrations and crossed out the word “color”, one stated s/he has 

access to 3D animations, none of them have access to board games, one of them 

stated s/he has hands-on models but commented that she makes the students create 

them on their own, six teachers stated that they have access to laboratory 

experiments.  Overall, many of the components that I created are not currently 

available to all ninth grade biology teachers. 

 

Additional Comments 

One teacher felt so strongly about the successfulness of this suitcase that she wrote at 

the bottom of the page “This is 100 [times] better than what I have in my classroom 

now.  Please build more.”  This teacher accounted for two out of the three neutral 

checks throughout this entire survey.   These neutrals were on statements 18 and 19 

indicated that although she did not completely agree with those statements, she would 

still want more of these suitcases produced, further emphasizing the success of this 

project. 
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CHAPTER FIVE 

Conclusions and Recommendations 
 

 

 

Project Summary  

The purpose of this thesis was to create a portable science suitcase that ninth grade 

biology teachers can utilize in teaching the complex concepts of enzymes. The goal was 

achieved by creating visual aids that conveyed the dynamic structure of enzymes, 

producing a 3D animation with 2D character analogies, designing a game that created a 

fun and competitive environment, fabricating hands-on models that could be used in a 

demonstration, developing lab experiments that pertained to students everyday lives and 

combining all of the components into one easy to use suitcase.     

 

For each component, I constructed initial ideas and storyboards and had them approved 

by my committee. The homework was produced using Photoshop® to illustrate the 

images and InDesign® to compile the information.  The animation was rendered in 3D 

Studio Max® and After Effects® and the final piece was rendered as a QuickTime movie 

from After Effects®.  Next I designed the Jeopardase game in Illustrator® and printed the 

entire piece onto vinyl before adhering it to PVC sheeting.  I then designed magnetized 

enzyme and substrate models that could be demonstrated by the teacher prior to student 

interaction.  Next, I designed two lab experiments that showed the students optimal 

temperature and optimal pH.  The final documents were compiled in InDesign®.  Finally, 

I assembled teacher instructions for all of the components and packed the suitcase with 

the pieces.  Each component of the suitcase was branded using techniques previously 
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described.  The final case contained enough resources for a biology teacher to make use 

of for up to one week.  

 

An evaluations was completed based on a survey of seven teachers in order to determine 

the ease and effectiveness of the suitcase and how closely it achieved my goals and 

objectives. There was an overall positive response to all twenty four statements. 

 

Conclusion 

 

The surveys gave extremely positive comments on all of the components of the suitcase.  

The teachers enjoyed the final product so enthusiastically that they wanted more identical 

suitcases to be produced.   One of the areas that proved to be innovative and helpful was 

the hands-on models.  Only one teacher expressed using hands-on models in their 

previous classes and yet all of the teachers agreed that they were useful ways to 

demonstrate the complex concepts of enzymes.  The teachers thought the models were so 

helpful that they wanted enough for the entire class to utilize.  An area for concern was 

the transportation of the large suitcase because many people that initially viewed the case 

thought that it would be cumbersome and would not fit into a standard sedan.  The 

teachers agreed that although the suitcase was large in size, transportation would be easy.  

Based on the responses given from the teachers, the goal and objectives of this thesis 

were achieved.  
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Suggestions for Further Research 

 

An initial area for futhur research is to test the suitcase in class rooms and determine if 

the students‟ test score actually rise. 

 

Another area would be to evaluate if more students sign up for advanced placement 

courses after viewing this suitcase.  

 

This project might serve as a model for future suitcases.  The components designed for 

this suitcase are specific to enzymes and might be less appropriate for other areas.   

 

Another area for further research would be that of Smart Boards®.  This board is an 

interactive dry erase board that utilizes a projector.  Teachers can use this board for 

presentations and games.  Not all of the teachers involved in my survey had access to a 

Smart Board® but it seemed to be a resource that many schools were leaning towards.   

 

Additional, research could be conducted to translate all of the documents within this case 

into Spanish.  While all of DISD schools teach in English, many students know Spanish 

as a first language.  This might benefit some of the schools with ESL (English as a 

second language) students. 
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APPENDIX D 

Instructions for Production of Hands-on Models 

 

 

Forming the models: 

The first step is to form the enzyme model.  It should be about 7 inches long, 4 

inches wide and 4 inches deep.  The model should have an active site, crevices 

that resemble the animation‟s enzymes and a flat underside in order to attach to a 

base.  Start by forming the basic shape with tin foil.  Then cover this tin foil with 

about half an inch layer of Super Sculpy.  Once you have manipulated the sculpy 

around the model to make it look similar to the animation model, texture is ready 

to be added.  To acquire a texture similar to the animation use the outside of a golf 

ball.  To make the golf ball easier to use, add a handle by cutting the golf ball in 

half and gluing a stick to the inside of the plastic covering.  Press the golf ball into 

the sculpy around the entire enzyme.   Perfect the model until the desired effect is 

reached.  Next, place the entire model into an oven on a nonstick cookie sheet at 

275°F for fifteen minutes.  Pull the model out of the oven and allow it to cool.  

Repeat these steps for the smaller pairs of substrates.  When forming the 

substrates, remember to measure one set to fit perfectly into the active site but 

allow the other sets to be slightly larger than the enzyme‟s active site. There 

should now be one enzyme model, two substrates that pair together and fit 

perfectly into the active site, and two other pairs of substrates that are barely too 

large to fit into the active site. 

 

Preparing the models to pour molds: 

It is now time to form the molds.  Using a four inch foam block that is about 3 

inches larger on all sides than the enzyme model, carve out a recess in the center 

that will hold half the depth of the enzyme.  There will be some gaps between the 

foam and the enzyme so fill these gaps with clay.  Next, construct three inch tall 

walls around the perimeter of the foam block that are about an inch think.  Make 

sure there are no holes in the seams of the walls where the join each other and 

where they join the foam block.  Spray the entire project with a light coat of Mann 

Ease Release and let it dry for five minutes.   Repeat these steps with the six 

substrate models.   

 

Preparing the silicone molds: 

These next steps will require very good attention to percentages and volume.  

Make only enough silicone mixture to thinly coat the enzyme and substrates.   

Weigh the empty container that you plan to mix the compound and record it.  Fill 

the container approximately half full with the silicone base material (white goo).  

Weigh the container and the silicone, subtract the original weight of the container 
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and record the weight of just the silicone base inside.  Next, add the correct 

amount of catalyst to the silicone base  based on the manufacturer directions 

(example:  If there were 200 grams of base and the manufacturer called for 10% 

catalyst, 20 grams of catalyst should be added to the silicone base).  In order to 

precisely measure the catalyst needed, set a scale to the weight of the container + 

silicone base +amount of catalyst needed based on the percentage given by the 

manufacturer.  Place the container +silicone base on one side of the scale.  Now 

add the catalyst to the container and silicone base until the scale evens out.   Mix 

the catalyst and silicone thoroughly so that there are no white or overly dark 

yellow streaks in the mixture.   Be sure to scrape down the sides and the bottom 

until there is a uniform yellow color.   

 

Detail Coat: 

The detail coat comes next.  Start by pouring a thin layer of the silicone mixture 

over the entire enzyme.  Do not worry about drying because the silicone with 

adhere to itself even after parts have dried.  Go slowly and make sure every detail 

gets covered in the silicone.  Once there is a thin layer over the entire enzyme, let 

the silicone dry until it does not pull up when poked with a probe.   

 

Pouring the bulk of the silicone: 

After all models are dry, it is time to pour the base of the mold.  Start by making 

enough silicone mixture (described above) to totally fill the walls of the molds.  

When it is thoroughly mixed, add some drops of Thixotropic compound to the 

mix (as per manufacturer‟s directions).  Mix until the mixture has a butter 

consistency.  Using a blunt object (like a spatula or cake frosting applicator), 

gently spread the thickened silicone into the models and bases.   You want to base 

to be at least one inch think over the tallest part of the model.  Smooth the surface 

flat and allow everything to dry over night.  When the mold is dry, gentle pull the 

clay walls away first.  Repeat the mold steps for the other side of the mold.  

 

Pouring the plastic into the molds: 

Set up the molds by placing the two pieces together, placing wooden sheets on 

either side and clamping the mold with up to four clamps.  Pour the smooth cast 

plastic mixture based on the manufacturer‟s directions.  Before combining the two 

solutions, add the desired coloring dye.   Make sure to create a color that is a few 

shades darker than desired because the mixture will dry much lighter.  Once you 

have reached the desired color, combine the solutions, stir thoroughly and pour 

into the mold through the fabricated hole.    Let the molds dry as directed by the 

manufacturer.  Once they are dry, unclamp the molds and gentle pull the two 

silicone pieces apart to reveal the plastic model.  Repeat these steps for all the 

models.   
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Adding the magnets to the models:  

This part will take understanding how the models actually work.  Use a drill bit 

that is barely larger than the desired magnet.  Drill into the following spots before 

adding the magnets but save the drill remnants and powder for a later step. Also, 

do not drill more than an eighth of an inch farther than the total height of the 

magnets.  Stack three 10.69 lb pull magnets and add them to the center of both 

spheres of the active site of the enzyme (6 magnets total).  Next, move direct 

lateral about an inch and a half and add one 10.69 lb pull magnet to both spheres 

of the active site (2 magnets total).  To finish the enzyme, move about half an inch 

lateral on the smaller sphere of the enzyme and add one 2.67 lb pull magnet to the 

active site.  Now add the magnets to the substrates.   Two 2.67 lb pull magnets 

will be stacked and added to the connection site of both same colored substrates.  

The substrates that fit perfectly into the active site will have additional magnets 

that connect them to the active site.  Add one 10.69 lb pull magnet to the center 

bottom of each substrate.  Once all of the models have been drilled and place with 

the proper magnets, it is time to fill the magnets.  Use the drill remnants mixed 

with a little clear silicone to cork the holes.  Before the mixture has dried, try to 

texture the spot to look similar to its surroundings.  After the mixture has dried, if 

the spot is a little dry and discolored looking, brush a little clear finger nail polish 

over the spot and rub it into the crevices.   

 

Adding the base to the enzyme model: 

Cut a hard wood block to eight inches wide, ten inches long and two inches deep.  

Stain this wood with an ebony stain and finish with a clear polyurethane coat.  Cut 

a one inch think piece of Plexiglas to a five inch square.  Adhere the Plexiglas to 

the center of the wood block.  Then, adhere the center bottom of the enzyme to 

the top of the Plexiglas block.  Let dry overnight.   

 

Adding titles to the bases: 

Choose an uncommon enzyme name and the substrates that it reacts with.  Then 

choose two other substrates that students could not easily rule out from working 

with the selected enzyme.  Add the enzyme title to the wooden base and then add 

the substrate titles to the lids of their acrylic container.  Make sure to place the 

title upside down since the lid will be upside down when serving as a base.   
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Student Handouts Booklet 
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