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Preface 

I first looked at origami as an educational supplement in a project that I did for 

Florida Academy of Sciences Conference 2011 at Florida Institute of Technology in 

Melbourne.  We proposed the use of origami to teach basic concepts of marine animals 

and promote conservation.  We mainly focused on using models for a whale, fish and 

turtle, each with a different difficulty level.  I have used these same models in a couple of 

subsequent workshops.   

During my 2011 January ISP I taught three 6
th

 grade classes various geometric 

properties, such as the properties of a quadrilateral and what a transversal line was, while 

folding a fish.  This thesis is a way to research and document the results of this kind of 

teaching tool to add to the anecdotal papers and books that describe how origami can be 

useful in the math classroom.  With this thesis I examined how applicable origami may 

be in teaching math concepts specifically to elementary school students.  For students 

struggling to understand different basic math concepts, origami can potentially be a very 

useful supplemental resource.  From the outcomes of this study I can begin to understand 

how students learn math informally and what their understanding of math as a concept is.  

I wish to take what I learn and apply it to the way that I teach in the future.  
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Informal Math Education: 

using origami to teach elementary school students math concepts 

Gina Fawks 

 

New College of Florida 2012 

 

ABSTRACT 

 

There is a disconnect that students have between what they learn in the math 

classroom and what they understand and can do in the ‘real’ world.  Informal math education 

can be used to bridge that gap.  A specific type of informal math education is the use of 

origami to teach math concepts.  I worked with forty-five elementary school students at the 

Roy McBean Boys and Girls Club of America.  I did three origami projects covering a 

variety of math concepts that students in kindergarten through fifth grade should know or 

learn based on Florida Sunshine Standards ([Anonymous] Florida 2010) with corresponding 

worksheets for the non-origami group and nothing for a control group.  Each group took two 

tests, a vocabulary based pre- and post-test and a test reviewing math concepts such as 

addition, multiplication and fractions.                                           T      

This is a pilot study.  There were few statistically significant outcomes in the short 

term.  The Origami experimental group did improve their concepts test scores more than the 

control group.  Research should be conducted to further our understanding of the usefulness 

of informal education methods, and origami in particular.                                                                                                                                              

                                                  _________________________________                                                        

                                                                                                      Sandra Gilchrist
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Chapter One: Introduction 

1.1 Mathematics in the Classroom and Beyond 

Why do we need to know how to do math?  What could we possibly use it for 

after we graduate?  Regardless of what profession we choose, math will always surround 

us.  Whether you despise math or love it, whether it comes naturally to you, or takes you 

some time, you will need to know some of the basics.  Today, technology allows us to 

calculate a tip at a restaurant on our phones and use a computer to double a recipe.  

However, to be successful we need to know that the change the cashier gave us is correct 

and how many packages of eight juices we need to buy for our children’s classroom of 

thirty-two students.  The math you learn when you are younger is necessary for a 

multitude of reasons, including giving you the ability to function as a resident of a society 

(Ernest 2010).    

Success in mathematics is more than just memorizing formulas, a student’s 

mindset and attitude play a role as well as knowing how to apply and identify basic math 

knowledge like formulas in problems (Garofalo 1989).  There are many studies that have 

looked at students’ attitudes and beliefs about mathematics.  Students have trouble 

associating what they learn in the classroom and what they do and see in the ‘real world’ 

(Corte et al 2000, Mason 2003, Fuchs et.al. 2004).  There are multiple beliefs about 

mathematics that are accepted by students which may impair their ability to perform and 

understand math problems that are presented to them (Mason 2003).  It is important to 

know about these beliefs to be able to teach students so that they comprehend and can 

apply what they learn.   
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In table 1.1 several noted beliefs that students have about mathematics are recorded.  

Belief 1, can hinder a students ability to solve novel problems and succeed on tests if they 

give up after they are unable to recognize how to do a problem or question quickly.   

Number Belief 

1 A problem is insolvable and not worth the 

students’ time if it takes more that twelve 

minutes to solve 

2 Size and quantity of numbers in a problem 

correlates to its difficulty  

3 Only one (or possibly two) operations should 

solve all math problems 

4 Operation needed to solve the problem can be 

found in a few key words at the beginning or 

end of the question 

5 Time available dictates whether the student will 

check his or her work 
Table 1.1: Students’ Beliefs about Mathematics (Mason 2003) 

 

Belief 2 is based on some realistic conditions.  Personally, I have helped students who 

would think that 23 x 7 is easier to do than 1000 x 5.  This makes many problems appear 

to be scarier and harder than they should be.  This negative attitude can affect the 

student’s performance in mathematics (Garofalo 1989).  Belief 3 can result in students 

getting very confused and frustrated on a question that would be fairly simple if broken 

up into a few steps.  Many students will not read the whole question because they believe 

that the operation to be used to solve the question will be indicated by a few key words at 

the beginning or end of the question (Belief 4).  This thought process can be detrimental 

to a students success.  Although the idea is based on the way that questions are often 

worded, when the students do not actually read the questions they can get the wrong 

answer.  Children that I have worked with have been taught to take the F-CATS, a 

Florida standardized test.  They are taught to look for the numbers and key words in the 

problem so that they can complete the test in the alloted time.  This often means that they 
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do not actually read what the question is asking and can be tricked into the wrong answer 

by using the wrong operation or giving what they assume would be asked for.  For 

example if a question were to say, ‘Sally has 4 apples, Joe has 4 more than Sally and 

Jessica has 2 less than Sally.  How many apples does Joe have?’, a student might give the 

total number of apples instead of how many they found Joe to have or some students 

might simply say Joe has four.  Both of these anwers are incorrect and are gleaned by 

students not taking the time to read the entire problem.  Based on how the tests are 

written, how well the students do on these tests, and thus how they are prepared for the 

tests do not necessarily reflect the mathematical knowledge that they have (Boaler 2003).  

Lastly, students check their work based on time available (Belief 5).  If students do not 

check their work they could miss a mistake that they made that could have been easily 

caught by reviewing the question and thinking logically about their answer.  For example, 

if the question asked how many more apples Sally has than Joe if Sally has four apples 

and Joe has three apples, if the student answers seven then checks their work they would 

realize that that answer does not make sense and they made an operation error.  It is hard 

for students to understand why they might be getting a problem wrong if they are driven 

by the assumptions just discussed.  When these thoughts are disproved it makes math 

appear more difficult than if these beliefs had not been established (Mason 2003).     

  

1.2 Learning 

 Learning is human nature (Parker 2005).  Learning is something that has been 

studied for many many years and yet we do not know a lot about many of its processes.  

Learning occurs across disciplines and is studied from those different perspectives.  It is 
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not just limited to education but is important in psychology, sociology and even economy 

because nations function through the people that run them which are affected by what 

they learn and what they know.  By having multiple angles to observe this complex topic, 

there is no generally accepted definition of learning (Illeris 2009).  Numerous people 

have written articles on learning and have posited theories of learning.  The book 

Contemporary Theories of Learning: Learning Theorists…in Their Own Words (Illeris 

2009) has sixteen chapters each discussing a different learning theory written by a 

different author.  This book contains a limited selection of all of the theories of learning 

that exist.  Some learning theories overlap and some slightly contradict others.  Howard 

Gardner’s Multiple Intelligences, which are included in this compilation, are very well 

known and currently popular.  Gardner theorized that there are seven intelligences 

consisting of musical intelligence, bodily-kinesthetic intelligence, logical-mathematical 

intelligence, linguistic intelligence, spatial intelligence, interpersonal intelligence and 

intrapersonal intelligence (Gardner 1993).  Any one person may have more than one of 

these but the idea of multiple intelligences challenges the standard testing of intelligences 

and IQ scores (Gardner 1993).  Many theories, similar to Gardner’s stress the idea of 

learning as being individualized.  This has even been broken down to the mechanics of 

learning in the brain by looking at how ‘normal’ brains differ (Stein 2005).  Although 

these theories focus on individuals and their learning differences, Robert Slavin (1990) 

stressed the importance on cooperative learning.  Cooperative learning is not commonly 

used in the classroom due to the fear of cheating and difficulty of assessing individuals in 

a group.  This is unfortunate since fifty-seven percent of studies
1
 found significant results 

                                                           

1
 36 0ut of 63 studies before 1990 when Slavin wrote the book Cooperative Learning: Student Teams 
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for better learning and only one study ( 1.6%) found significant negative results (Slavin 

1990).   

Jean Piaget, a classic well-known psychologist, theorized that children needed to 

be challenged although they should not be pushed to learn something that is too high of a 

level for them (Huitt and Hummel 2003).  Piaget also emphasized that students need to 

participate in many different activities and engage in the world around them to learn 

(Boakes and Stockton 2009).  Origami is an activity different than the students typically 

see in a classroom which may help them better connect to real world mathematics. 

 

1.3 Informal Education 

To discuss origami used in informal education, it is first important to try and 

define what informal education is.  Informal education, such as the use of educational 

games, can help bridge the gap between classroom mathematics and ‘real-world’ 

mathematics (Ritzhaupt et al. 2010).  Informal education is loosely defined as learning 

that takes place informally.  It is hard to define informal education strictly.  This is partly 

because it often occurs spontaneously in any location but also because it overlaps with 

formal education.  Some try to define informal education as not having tests, grades 

and/or class rankings (Fenichel and Schweingruber 2010).  This does not always create a 

clear boundary between formal and informal education.  For instance, one might have a 

summer program that will test the children at the end of the program on what they have 

learned, possibly as a way to assess the program.  This would be an informal education 

program but has a formal test.  Similarly, I have attended courses at New College that 

have had no grades or tests as a way to assess learning.   
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Another way to try to fit informal education into a box with clear boundaries is to 

state that informal education occurs outside of the classroom and formal education 

strictly occurs in the classroom (Ramey-Gassert 1997).  There is a lot of gray area that 

occurs with restricting these two types of learning in this way.  Where would a school 

field trip to a museum fit into this definition of formal and informal education?  Think 

about a student who, while in a math class solving a problem about the area of a window, 

sparks a conversation about the recent hurricane.  This spontaneous conversation could 

result in the student learning valuable information about hurricanes, weather, 

architecture, or even repair work to a house.  This would be classified as informal 

education that happened to occur inside of a school classroom.  Additionally, where 

would home schooling fit in?  Depending on the style of home schooling, it can replicate 

formal education but occur outside the formal setting.   

Regardless of what way you choose to define informal education, there are certain 

inherent characteristics.  Informal education engages students or participants in a variety 

of ways like physically and emotionally, encourage self-motivation to have direct contact 

with what they are learning, provide dynamic portrayals of the subject and allow students 

or participants to have control over their learning experience (Fenichel and 

Schweingruber 2010).   

There are many factors that make studies involving or evaluating informal 

education complicated.   The multifaceted idea of learning is one obstacle of studying 

informal education.  Learning is no longer narrowly described as what content you can 

recall for a test.  Another hurdle for the study of informal education is the complication of 

evaluating the informal learning or programs.  By certain definitions informal education 
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is what students learn “off the cuff” or outside of a formal classroom setting.  The usual 

way of testing what students learn does not always apply in these different environments.  

Many of the journals and articles that are available are either more anecdotal (not a 

scientific study) or the results are not conclusive (Fenichel and Schweingruber 2010).       

 Fenichel and Schweingruber (2010) wrote a textbook on informal education 

which was sponsored by the National Science Foundation (NSF).  NSF is a forerunner in 

informal education research.  The National Science Foundation has started a program for 

pre-Kindergarten children to enhance their mathematic, science and literary skills 

(“Early” 2010), is doing research on how technology assists elementary school aged 

children with geometry concepts (“Technology” 2001), they also stress the importance of 

math in everyday life for preschoolers in their program called “Building Blocks” 

(Ferrante 2012), as well as many other programs.  The NSF website even provides a list 

of resources for the mathematical classroom which includes a site called “Math Cats” 

(Petti 2012) that has a project for folding different polyhedrons. 

 

1.4 Origami 

A specific form of informal education is using origami as a teaching tool.  

Origami is an example of informal education because it is not part of the typical textbook 

teaching style of formal education but also because the teacher is directly teaching the 

students how to fold a unit and supplementing the academic knowledge into the activity.  

Simply put, origami is the act of folding paper to create something.  The word origami 

comes from the Japanese words oru which means to fold and kami which means paper 
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(Pearl 2008).  Origami uses paper and does not require any cutting, tape, or other 

modifications.  Origami, even when constrained to a single sheet of paper can offer 

unlimited possibilities (Hull 2010) (Figure 1).  “Modular Origami” takes several sheets 

of paper folded into units and assembled to create a new multifaceted structure (Chen 

2005).   

  
      a                                                                                     b                          

 

Figure 1.1: Examples of the possibilities available with origami.  Each of the 

models shown above, the swan (a) and the dragon (b), was created with a 

single sheet of paper (a: [Anonymous] 2011, b: Greenhough 2010). 

 

 

Teachers and students have access to books that use origami as a base for teaching 

fundamental concepts.  Michael La Fosse has a book titled “Making Origami Science 

Experiments Step by Step” (2004).  The introduction of the origami book discusses what 

origami is, as well as briefly stating what scientific experiments and hypotheses are.  In 

the book there is a diagram for a boat that can be used to teach about properties of water 

and surface tension.  Another example from LaFosse’s book is using an origami dart to 

teach about gravity.  Also, an origami box can be used to help children understand 

volume.  In addition to LaFosse’s offerings, several other books that have been written 

with the idea of teaching math concepts through origami.  Two such books are Math in 
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Motion: origami in the classroom by Barbra Pearl (2008) and Unfolding Mathematics 

with Unit Origami by Betsy Franco (1999).  Both are written for the teacher with ideas 

for curriculum and projects revolving around different origami models.  Pearl’s book is 

written for elementary or middle school classrooms and Franco’s book is written for 

middle school or high school classrooms.   

 When origami is used to teach mathematical concepts it is often employed in the 

high school level and higher to study complex geometric properties and ideas (Hull 1994; 

Dacorogna et al 2010; Wares 2010).  Hull (2010) wrote a paper exploring “origami 

geometry”.  Hull’s paper is an example of the mathematical possibilities of origami.  

Dacorogna and colleagues (2010) wrote a paper titled, “Origami and Partial Differential 

Equations”.  They discussed using origami as a means to demonstrate solutions to some 

systems of partial differential equations.  Students do not tend to learn partial differential 

equations until they are in college.  This paper is another example of the ways that 

origami can be used in upper level math classes to help students understand mathematical 

concepts. 

One of the most logical and simple reasons for the fact that origami is often more 

applicable to higher level math classes has to do with what origami can be used to teach.  

Origami is very useful in teaching geometry concepts due to the fact that when folding a 

piece of paper you are constantly working with shapes and angles.  Two-dimensional 

shapes that students learn in elementary school and some middle school classes can be 

understood simply with a drawing on paper.  Three-dimensional shapes, however, can be 

rather complicated to draw and grasp the concept, particularly the more obscure shapes 

you might work with in a college level calculus class (Table 1.2).  With origami, students 
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can create some of these three dimensional shapes and be able to observe them from 

different angles to truly get an idea of how the shape looks in three dimensional space.  

Geometric concepts, particularly pertaining to angles, can be shown to scale and 

manipulated in an origami model for the students to better understand.  There are also 

many computer programs available to students that allow them to manipulate three 

dimensional images is a way that provides greater understanding than images in a 

textbook.  However, there is not an agreement across studies that computer programs are 

beneficial to student learning (Roschelle 2000).  Also not all schools can afford to supply 

enough computers to use these types of programs effectively (Becker 1984). 

Most of the geometry concepts such as angles and complex three dimensional 

shapes are not studied until at least middle school but mostly found in high school 

([Anonymous] Florida 2010).  The use of origami has also on occasion been applied at 

the middle school level (Pope 2002, Boakes and Stockton 2009).   

There is not as much research regarding the use of origami to teach math concepts 

to elementary school children.  Children start learning geometry when they can talk, by 

learning their basic shapes.  They start learning how to fold things like paper airplanes 

and simple boats when they start kindergarten.  So origami as a mathematics teaching 

tool can be used from kindergarten with basic shapes through high school and beyond 

with more complex geometric theorems.  Annette Purnell (2009) wrote Providing for 

Creativity through Origami Instruction.  She discusses how she participated in an after 

school program called Learn & Lead in South Bronx, New York.  She was teaching 

elementary school aged children origami and became interested in what they could learn 

through origami. 
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Some of the concepts that the students began learning about was new vocabulary 

with which they were able to become a part of a larger group identity, how to read and 

write diagrams, and math concepts (Purnell 2009).  Purnell observed many positive social 

aspects that resulted from teaching a few students how to do origami.  The use of specific 

vocabulary and the ability to teach others, allowed the students to exhibit leadership 

qualities and make a connection with people they may or may not have talked with 

without the origami.  This branching out from what was taught by the teacher based on 

the excitement and enthusiasm for folding allowed the children to problem solve and 

discover new concepts on their own.  Purnell states that “[the students] can begin to see 

firsthand that math is in the model and that learning is integrated all around them, not just 

in the textbook and the classroom (3).”  The students discovered that you can make the 

square paper that you need for origami by cutting a rectangle piece of paper which was 

more readily available.  Purnell does not delve much into the math concepts learned or 

whether any math concepts were explicitly taught to the students. 

Purnell is not the only person to discuss the social benefits of origami which can 

positively affect the students’ academic performance.  Chen (2005) writes about using 

origami with deaf and hard of hearing students.  The benefits that she describes however 

are universal.  Similar to Purnell, Chen noticed an increase in math vocabulary skills with 

the use of origami as well as development of problem-solving skills and learning to work 

better in groups.  Although students learn through both active and passive learning, they 

mostly learn when actively involved in the process (Chen 2005).       

 

 



 

 
12 

Shape Name Image of shape Grade level that these 

shapes may be learned 

Triangle 

 

 

Kindergarten 

Octagon   

Elementary school 

Hexahedron 

         

 

May see a cube or other 

polyhedrons in fifth 

grade.  May not learn a 

hexahedron by name 

until later if at all. 

Irregular 

Shapes 

           

High school 

Tetrahedron 

                         

 

High school or College 

(depending on whether it 

is considered a pyramid 

or tetrahedron 

Hyperboloid 

                       

 

College: Calculus III 

Table 1.2: Chart of shapes ([Anonymous] Hexahedron 2010, Watkins 2011, 

Palais 2006) 
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Boakes and Stockton (2009) performed a study with middle school aged children 

to look at origami’s impact on spatial visualization.  “Spatial visualization is the ability to 

visualize two- and three- dimensional objects (Boakes and Stockton 2009, 1).”  

Development of a student’s spatial visualization occurs naturally during the study of 

geometry in middle school.  Although this study focused on middle school aged students 

geometry is important in a school curriculum from kindergarten through twelve grades 

and beyond (Boakes and Stockton 2009).  Sedanur Çakmak (2009) wrote a thesis for 

graduate school based on using origami with elementary school students to teach spatial 

ability.  The results of that study showed that the origami had a positive effect on the 

students’ spatial skills.  Can origami thus be used to teach other math concepts with 

elementary school children?   
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Chapter 2: Methods 

2.1 Designing the Study 

For my study I ended up in the Roy McBean Boys and Girls Club.  The Boys and 

Girls Club is a place where children can go afterschool.  After settling on the location and 

student pool, I began to design my study.  I looked up the Florida Sunshine standards 

([Anonymous] 2010) and cross referenced what students, kindergarten through fifth 

grade, should be learning and/or know with books, and websites containing origami 

diagrams ([Anonymous] 2011, [Anonymous] 2004, Gross 1993).  I elected to teach the 

vocabulary words: square, pentagon, triangle, quadrilateral, hexagon, line of symmetry, 

polygon, trapezoid, congruent, rhombus, regular and irregular shapes, polyhedron, 

hexahedron, geometry, origami, and the math concepts: multiplication and division, 

adding and subtracting, reasonableness, counting edges, faces and vertices, counting 

(triangles), pairs (triangles), fractions (1/2), area of square and triangle, fractions (using 

colors/ out of 3).  I also decided on using the diagrams for an origami twist fish, whale, 

and hexahedron (Appendix B).  Each diagram is a different difficulty level and 

encompasses a set of vocabulary words and concepts from those listed above.  I created 

two pre-tests and post-tests (Appendix C) to correlate with the vocabulary words and 

concepts to be taught through the origami as well as worksheets (Appendix C) to 

correspond with each origami lesson for the non-experimental group.  I also made a 

survey for the experimental and non-experimental groups to take at the conclusion of the 

project.  (Appendix B shows the lesson plan) 

 

 



 

 
15 

 2.2 Set-up and Consent Process 

I started volunteering at the Boys and Girls Club approximately eight weeks 

before I began my project so that I could become familiar with routines and have the 

children get to know me.  After receiving IRB approval (IRB Number: 11-024) and 

getting the official go ahead from the Boys and Girls Club, I began the consenting 

process (Refer to Appendix A for IRB information, location approval and Consent form).  

Owing to the way the Boys and Girls Club is set up, the best way to conduct the 

consenting process was to wait in the front office and talk to the parents about my project 

as they picked up their elementary school children.  I went to the front office for one 

week.  I began on a Tuesday after getting the final approval from the Boys and Girls 

Club.  On that Tuesday, based on times suggested to me from the person in charge of the 

club, I was at the front desk from 3:50-6:05pm.  As the parents came to the desk to sign 

out their children, I asked them if they had elementary aged students.  If they said yes, I 

explained my project and asked if they would say yes or no to their child (ren) 

participating in my study.  Then I signed the consent form and handed them a copy to 

keep for their own records.  The next day, Wednesday, I consented from 4:10-5:00 pm.  

On the following day, Thursday, I stayed from 4:20- 6:20 pm.  I noticed that since the 

homework help session in which I will be working with the children on the project, 

occurs from 4:00-6:00 pm, students who leave before 4:15 pm will not have the time to 

participate in my study and thus I began coming after 4:00 pm to do my consenting.  On 

Friday I was there from 4:45-6:00 pm.  The following Monday was my last day of the 

week of the consenting process.  I stayed from 4:10-5:00 pm.   
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There were several factors that kept me from getting certain parents to see/ sign 

the consent form for their child (ren) to participate in my study.  There were many 

occasions when the parents came in talking on cell phones which made it difficult to get 

their attention or try to talk to them about why I was there.  Several parents did not bother 

to come into the office to sign their child (ren) out.  They either waited outside for the 

front desk staff to see them, recognize them and call the students to leave or they walked 

inside the door just long enough to hear their child(ren)’s name(s) being called then 

walked back out.  This did not allow me to talk with any of those parents.  Additionally 

there was a set of students who are allowed to walk home, so I was never able to see or 

talk to those parents.  There were very few adults with whom I talked that would consider 

the project other than ‘mothers’.  I had a few men simply take the consent form with them 

and say that they would talk to the mother, but never brought the form back.  I also had 

siblings and other relatives pick up the children who were not ‘guardians’ of the students 

and thus were unable to sign the consent forms.  The last factor that hindered my 

participant gathering was the tutoring program that the Boys and Girls Club has recently 

implemented.  If the student was signed up to participate in the Si2 tutoring then they did 

not attend the homework room where I did the study.  I may have unknowingly collected 

signatures from students who were not be able to come to the homework room to 

participate but I did try to be aware of those parents who I knew had signed up their 

students for Si2 tutoring and did not discuss my project with them because their students 

would be unable to participate. 

After the consenting week was over I looked at how many students I had available 

for my project.  I received thirty-three signed consent forms with fifty-four students 
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available to participate in my study.  I immediately dropped eight students who were in a 

tutoring program that occurred at the same time as the time that I was given to work with 

the students.  I also dropped one student whose mother did not include their name or 

grade on the consent form.  I split the students into groups (Table 2.1) and created a time 

schedule for the project (Table 2.3).   

I needed at least one control group, one experimental group and one non-

experimental group.  If I divided all of the participants into the three groups I would have 

one group with sixteen and two with fifteen.  Both space and practicality made it difficult 

to work with that many students at once so I decided to split up all forty-five participants 

into six groups.  The method to which I split up the participants was first to organize 

them by grade level.  Not only is it easier to work with groups of children of similar ages 

versus a group with a large age range, it was also convenient based on location to break 

them up by ages.  During the homework help sessions, which was the setting of my 

project, students from 6-8 years old come in from 4:00-5:00pm to receive help with their 

homework and 9-12 year olds come in from 5:00-6:00 pm.  I ended up with seven 

kindergarteners, eight first graders, eight second graders, eight third graders, five fourth 

graders, and nine fifth graders.  I decided that Groups 1, 3, and 5 would be for 

kindergarteners through second graders and Groups 2, 4, and 6 would be for third through 

fifth graders.  Each group would contain seven or eight students.   First I put the three 

students whose parent said that they leave early into the control group which correlated to 

their age groups, which I scheduled to occur at around 3:40 pm, before the homework 

help room was open.  I then worked on randomly assigning the rest of the students to the 
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sixth groups, trying to keep as equal a gender and grade spread as possible with the 

students I was provided (Table 2.1 and 2.2). 

After the students were placed into manageable groups and divided into the 

Control Group, the Non-Experimental “Textbook” Group and the Experimental Origami 

Group, I coded them.  Each student received a number that correlated to their name.  This 

information was saved in a password protected excel sheet.  The numbers were assigned 

to the students first based on group.  Group One has students from 11-18 with all of the 

tens digits being one for Group One.  The ones digit was assigned at random starting with 

the students in the younger grades first up through the students in the higher grade of that 

group.  For example, in Group One 11, 12 and 13 are kindergarteners, 14, 15, and 16 

correlates to first graders and 17 and 18 are second graders.   

 

Group 

# of students 

per  

Grade included 

 

Type 

Total # of 

students 

Assigned 

 

Numbers assigned to 

students 

Group 1 3-K  

3-1
st
  

2-2
nd

  

Experimental 8 11-18 

Group 2 3-3
rd

 

2-4
th

  

3-5
th

  

Experimental 8 21-28 

Group 3 2-K  

3-1
st
  

3-2
nd

 

Control 8 31-38 

Group 4 3-3
rd

 

1-4
th

  

3-5
th

 

Control 7 41-47 

Group 5 2-K  

2-1
st
  

3-2
nd

 

Non-Experimental 7 51-57 

Group 6 2-3
rd

 

2-4
th

  

3-5
th

 

Non-Experimental 7 61-67 

Table 2.1: Details pertaining to how the participants were grouped 
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Group Frequency Percent 

Group 1 8 17.78 

Group 2 7 15.56 

Group 3 8 17.78 

Group 4 9 20.00 

Group 5 7 15.56 

Group 6 6 13.33 

Total 45 100.00 

 

Females 27 60.00 

Males 18 40.00 

Total 45 100.00 

   

Control 17 37.78 

Origami 15 33.33 

Worksheet 13 28.89 

Total 45 100.00 

 

Kindergarten 7 15.56 

First Grade 8 17.78 

Second Grade 8 17.78 

Third Grade 8 17.78 

Fourth Grade 5 11.11 

Fifth Grade 9 20.00 

Total 45 100.00 
Table 2.2: Group Participants Breakdown 

 

Once I established my participant pool and when I would meet with them, I read 

each student the child assent form when I first met with them and their group and asked 

them to sign it if they wished to participate in my study (Appendix A has a copy of the 

Child Assent Form).  For those who agreed, I began the project.   

 

2.3 Study in Action      

Based on constraints of the location (See Appendix A for Location Re-Creation), 

I worked on my project with the students for about the first fifteen minutes of their time 

slot and then helped them with their homework if they needed it.  I worked with Groups 
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1, 2, 3, and 4 for about two weeks and then I worked with Groups 5 and 6 for about two 

weeks (Table 2.3 shows the schedule used).    

Day Groups I worked with What we worked on 

1 Group 3, Group 1, Group 2 Child Assent, Pre-Test: Vocab 

2  Group 3, Group1, Group 2 Pre-Test: Concepts 

3 

 

 

Group 4 

 

 

Group1, Group 2 

 

Child Assent, Pre-Test: Vocab, 

Pre-Test: Concepts 

 

Whale Origami model: focus on 

vocab words 

4 Mixed Group due to absences  

 

 

Group 1, Group 2 

Child Assent, Pre-Test: Vocab, 

Pre-Test: Concepts 

 

Whale Origami model: focus on 

concepts 

5 Group 1, Group 2 Hexahedron  

6 Mixed Group due to absences Hexahedron  

7 Group 3  

 

Group 1, Group 2 

Post-Test: Concepts 

 

Twist Fish model: focus on vocab 

words and a concept 

8 Group 3 

 

Group1, Group 2 

Post-Test: Vocab, Survey 

 

Twist Fish project: focus on 

concepts 

9 Group 4, Group 2, Group 1 Post-Test: Concepts, Post-Test: 

Vocab, Survey 

10 Mixed Group due to absences  

 

 

Group 5, Group 6 

Post-Test: Concepts, Post-Test: 

Vocab, Survey 

 

Child Assent, Pre-Test: Vocab, 

Pre-Test: Concepts 

11 Mixed Group due to absences Child Assent, Pre-Test: Vocab, 

Pre-Test: Concepts 

12 Group 5, Group 6 Worksheet A 

13 Group 5, Group 6 Worksheet B 

14 Group 5, Group 6 Worksheet C 

15 Mixed Group due to absences  Worksheets A,B, C 

16 Group 5, Group 6 Post-Test: Concepts, Post-Test: 

Vocab, Survey 

17 Mixed Group due to absences Post-Test: Concepts, Post-Test: 

Vocab, Survey 
Table 2.3: Project Schedule 
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  I worked with the children on the project for seventeen days.  I graded their pre-

tests and post-Tests and recorded the results.  I also included gender, whether they had 

done origami before and attendance.  Then I conducted descriptive statistics. 
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Chapter Three: Results 

“There is no bad data, only uninterpreable data.” (Peng 2009, 35) 

3.1 Raw Data 

 Table 3.1 shows the breakdown of the participants’ involvement in the project.  

One student from Group 2 has been included in numbers for Group 4 for the statistic 

testing.  This participant, initially included in Group 2, only completed the pre- and post-

Tests so their test scores were included with the control group as they participated in the 

same conditions.  A participant from Group 6 fell into the same circumstances and is also 

included in the numbers for Group 4 when the data were analyzed. 

Group Completed 

all 

assignments 

Completed 

some of the 

assignments 

Completed 

no 

assignments 

Total 

Initial 

Number  

used for test 

comparisons 

1 2 3 3 8 4 

2 2 4 2 8 6 

3 4 3 1 8 4 

4 3 4 0 7 3 

5 6 1 0 7 7 

6 2 3 2 7 4 

Total 19 18 8 45 29 
Table 3.1: Students Completion of Project 

 

 

Tables 3.2 - 3.4 show the attendance of the students.  Table 3.2 has the attendance 

for Groups 1, 2, and 3.  Table 3.3 has the attendance for Group 4 and Table 3.4 has the 

attendance recorded for Groups 5 and 6.  Not all participants were called each day.  The 

subjects highlighted in yellow are those that were removed and I stopped calling, those 

highlighted in red are the students that I could definitely not use in the final results of this 

study, and the green subjects could definitely be used in the final results of this study.  

The attendances recorded in green means that they were present that day, the red means 

that the student was absent and the blue means that they were not called that day.   
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Dates 

 

Number 

Nov. 

15 

2011 

Nov. 

16 

2011 

Nov. 

17 

2011 

Nov. 

21 

2011 

Nov. 

22 

2011 

Nov. 

28 

2011 

Nov. 

29 

2011 

Nov. 

30 

2011 

11 N N N R R R R R 

12 N N N R R R R R 

13 Y N Y Y Y Y Y Y 

14 Y Y Y N N  N Y Y 

15 Y Y Y Y Y Y Y Y 

16 Y Y Y N N N N Y 

17 N N N R R R R R 

18 Y Y N Y N Y Y N 

21 Y Y Y Y Y Y N Y 

22 Y Y Y Y Y Y Y Y 

23 N N N R R R R R 

24 Y Y Y Y Y Y N Y 

25 Y Y Y N N N Y Y 

26 Y Y Y Y Y Y Y Y 

27 Y N N N N N N N 

28 N Y N N N N N Y 

31  Y Y N/A N/A N/A Y Y N/A 

32 N Y N/A N/A N/A Y Y N/A 

33 N N N/A N/A N/A N N N/A 

34 Y Y N/A N/A N/A Y Y N/A 

35 Y Y N/A N/A N/A N Y Y 

36 Y Y N/A N/A N/A Y N N 

37 Y N N/A N/A N/A N N N/A 

38 Y Y N/A N/A N/A N N N/A 

KEY 

Y = Present    N = Not Present    R = Removed    N/A = Not Called 
Table 3.2: Attendance for Groups 1-3 

 

Dates 

 

Number 

Nov. 

17 

2011 

Nov. 

21 

2011 

Nov. 

22 

2011 

Nov. 

28 

2011 

Nov. 

29 

2011 

Nov. 

30 

2011 

Dec. 

1 

2011 

Dec. 

2 

2011 

Dec. 

9 

2011 

41 Y N/A N/A N/A N/A Y N/A N/A N/A 

42 N N N/A N/A N/A N N Y N/A 

43 N Y N/A N/A N/A N Y N/A N/A 

44 N N N/A N/A N/A  N N Y N/A 

45 Y N/A N/A N/A N/A N N N  N 

46 N N N/A N/A N/A N N Y N/A 

47 Y N/A N/A N/A N/A Y N/A N/A N/A 

KEY 

Y = Present    N = Not Present    R = Removed    N/A = Not Called 
Table 3.3: Attendance for Group 4 
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Dates 

 

Number 

Dec. 

1 

2011 

Dec. 

2 

2011 

Dec. 

5 

2011 

Dec. 

6 

2011 

Dec. 

7 

2011 

Dec. 

8 

2011 

Dec. 

9 

2011 

51 Y N/A Y Y Y Y Y 

52 Y N/A Y Y Y Y N/A 

53 Y N/A Y N N Y Y 

54 Y N/A Y Y Y  Y N/A 

55 N Y Y Y Y N Y 

56 Y N/A Y Y Y Y N/A 

57 Y N/A Y Y Y Y N/A 

61 N Y N N N N N 

62 N N N N N N N/A 

63 Y N/A Y N N Y Y 

64 Y N/A Y Y Y Y N/A 

65 N Y N N N N Y 

66 N Y Y Y N Y N/A 

67 N N N N N N N/A 
Table 3.4: Attendance for Groups 5 and 6 

 

Descriptive information is displayed in table 3.5.  The “Number” column lists the 

subjects’ assigned coding number.  The “Group” column has C for the students who 

participated in the control conditions, an O for the students that participated in the 

origami projects and the W represents the students who completed the worksheets in the 

non-experimental group.  The “Origami” column states whether the student said that they 

had done origami before, a question asked on the pre- and post- vocabulary tests.  The 

“Learned” column lists whether the students indicated that they thought they learned 

something by participating in this project.  The “Liked” column exhibits if the students 

liked doing the origami if they were in Group 1 or Group 2.  Those that have an N/A 

either did not take the tests or just did not answer that question.   
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Subject Number Group Gender Origami Learned? Liked? 

1 11 O F N/A N/A N/A 

2 12 O F N/A N/A N/A 

3 13 O M N/A N/A N/A 

4 14 O F Y Y Y 

5 15 O F Y Y Y 

6 16 O F Y Y N/A 

7 17 O M N/A N/A N/A 

8 18 O F N Y Y 

9 21 O M Y Y Y 

10 22 O M Y Y Y 

11 23 O F N/A N/A N/A 

12 24 O F Y N Y 

13 25 O M Y Y Y 

14 26 O F Y Y Y 

15 27 O F Y N/A N/A 

16 28 C M Y N N 

17 31 C M Y N N/A 

18 32 C M Y N/A N/A 

19 33 C F N/A N/A N/A 

20 34 C F Y Y N/A 

21 35 C F Y Y N/A 

22 36 C F Y N/A N/A 

23 37 C M Y N/A N/A 

24 38 C M Y N/A N/A 

25 41 C M Y Y N/A 

26 42 C F N Y N/A 

27 43 C F Y Y N/A 

28 44 C M Y Y N/A 

29 45 C M Y N/A N/A 

30 46 C F Y Y N/A 

31 47 C F Y Y N/A 

32 51 W M Y Y N/A 

33 52 W F N Y N/A 

34 53 W F Y Y N/A 

35 54 W F Y Y N/A 

36 55 W F Y Y N/A 

37 56 W F Y N/A N/A 

38 57 W M N N/A N/A 

39 61 W M Y N/A N/A 

40 62 W M N/A N/A N/A 

41 63 W F Y Y N/A 

42 64 W M Y Y N/A 

43 65 C F Y N N/A 

44 66 W F Y Y N/A 

45 67 W F N/A N/A N/A 
Table 3.5: Descriptive Information on Participants 
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In the next table are all of the raw data recorded as percentages for the test scores and 

attendance.  The PreV column lists the “Pre-test: Vocab” scores, the PreC column lists 

the “Pre-test: Concepts” scores, the PostV column lists the “Post-Test: Vocab” scores, 

and the PostC column lists the “Post-Test: Concepts” scores.  The DiffV column 

represents the differences in the Vocabulary tests (PostV – PreV = DiffV).  The DiffC 

column represents the differences in the Concept tests (PostC – PreC = DiffC).  The 

students who have a “/” for their test score did not take the test.  If they have a “/” for 

DiffC or DiffV, a difference could not be calculated.  The Attendance column lists the 

percentage of the days that they participated in of the days that they were called.  Select 

copies of the students’ tests are located in Appendix C.     

 

Number Group PreV PostV DiffV PreC PostC DiffC Attendance 

11 O / / / / / / 0 

12 O / / / / / / 0 

13 O 13 13 / / 26 / 88 

14 O 63 80 17 57 70 13 63 

15 O 50 53 +3 52 57 +5 100 

16 O 56 67 +11 52 43 -9 50 

17 O / / / / / / 0 

18 O 63 60 -3 57 74 +17 63 

21 O 44 33 -11 30 43 +13 88 

22 O 50 53 +3 74 74 0 100 

23 O / / / / / / 0 

24 O 44 47 +3 43 70 +27 88 

25 O 88 87 -1 83 87 +4 63 

26 O 81 93 +12 96 100 +4 100 

27 O 27 / / 52 / / 13 

28 C 48 87 +39 83 65 -18 25 

31 C 56 33 -23 26 17 -9 100 

32 C 56 53 -3 13 26 +13 100 

33 C / / / / / / 0 

34 C 56 67 +11 52 39 -13 100 

35 C 59 60 +1 52 52 0 100 

36 C 44 / / 35 35 0 75 

37 C 63 / / / / / 25 

38 C 50 / / 65 / / 50 

41 C 44 67 +23 87 78 -9 100 
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Number Group PreV PostV DiffV PreC PostC DiffC Attendance 

42 C / 87 / / 83 / 25 

43 C 58 67 +9 87 70 -17 100 

44 C / 67 / / 74 / 50 

45 C 69 / / 96 / / 50 

46 C / 73 / / 83 / 50 

47 C 72 83 +11 87 96 +9 100 

51 W 63 70 +7 43 52 +9 100 

52 W 25 33 +8 26 52 +26 100 

53 W 77 60 -17 52 61 +9 67 

54 W 73 53 -20 43 61 +18 100 

55 W 38 53 +15 83 65 -18 83 

56 W 56 47 -9 70 61 -9 100 

57 W 63 67 +4 70 65 -5 100 

61 W 56 / / 87 / / 17 

62 W / / / / / / 0 

63 W 94 100 +6 83 83 0 67 

64 W 56 73 +17 83 65 -18 100 

65 C 75 87 +12 87 65 -22 29 

66 W 75 93 +18 83 91 +8 67 

67 W / / / / / / 0 
Table 3.6: Participant Test Scores (in percentages) 

 

3.2 Statistical Results                   

 The first step I took to analyze the data was to find the mean scores and 

descriptive statistics (Table 3.7).  The ‘DiffC’ and ‘DiffV’ under the test scores column 

stands for the difference of pre- and post- concept test scores and the difference of pre- 

and post- vocabulary test scores respectively.  Positive Diff scores imply that the students 

improved over the study and negative test scores imply that the students did worse on the 

post-tests than the pre-tests.  The minimum and maximum tests scores are also included 

for each group to show the range in ability of the participants.  Figure 3.1 shows the 

means for all groups DiffC and DiffV values.  The next table shows the means of all of 

the test scores for all of the participants as well as mean attendance. 
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Group Number of 

participants  

Test 

Scores 

Mean 

(%) 

Standard 

Deviation (%) 

Minimum 

(%) 

Maximum 

(%) 

1 4 DiffC +6.5 11.5 -9 17 

5 DiffV +5.6 8.2 -3 17 

2 5 DiffC +9.6 10.8 0 27 

5 DiffV +1.2 8.3 -11 12 

3 5 DiffC -1.8 10.0 -13 13 

4 DiffV -3.5 14.3 -23 11 

4 5 DiffC -11.4 12.3 -22 9 

5 DiffV +18.8 12.5 9 39 

5 7 DiffC +4.3 15.6 -18 26 

7 DiffV -1.7 13.6 -20 15 

6 3 DiffC -3.3 13.3 -18 8 

3 DiffV +13.7 6.7 6 18 
Table 3.7: Test Scores Breakdown per Group (in percentages) 

 

 

 

 
 

Figure 3.1: Mean Difference Test Scores 
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Variable # of 

participants 

Mean Standard 

Deviation 

Minimum Maximum 

Pre-Test: 

Vocab 

35 58.57% 16.39% 13% 94% 

Post-Test: 

Vocab 

32 64.56% 20.21% 13% 100% 

DiffV 29 +4.93% 13.14% -23% +39% 

Pre-Test: 

Concepts 

33 63.30% 22.90% 13% 96% 

Post-Test: 

Concepts 

33 63.12% 20.31% 17% 100% 

DiffC 29 +0.97% 13.53% -22% +27% 

Attend 38 73.58% 28.98% 13% 100% 
Table 3.8: Score Breakdown per Test (including attendance) 

 

After finding the mean scores, I did an ANOVA Procedure.  This test is used to 

determine whether the mean scores of the different groups are statistically different (Peng 

2009).  The Null Hypothesis for the first ANOVA I did was that the mean DiffV scores 

for the Origami, Control and Worksheet groups were the same 

( .  The Alternative Hypothesis states that they are not all equal 

which implies that the different conditions have an effect on the students’ DiffV scores.  

The ANOVA resulted in a p-value of 0.5684 and was not statistically significant.  

Therefore the Null Hypothesis is not rejected and there is not a significant difference 

between the three groups for DiffV.   To determine if the ANOVA was appropriate to use 

I ran a test for homogeneity of variance using the Levene HOV test (Zhang 1998) which 

resulted in a p- value of 0.2367.  The ANOVA was thus appropriate because the Levene 

HOV test was not significant which means the distributions for the different groups were 

similar in shape.   

The mean difference in scores for all participants’ vocabulary tests was 4.93%.  

This means that on average all of the students improved their vocabulary test scores by 
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about 5% from the pre-test to the post-Test.   The breakdown of how each of the groups 

performed on average for the vocabulary tests consist of the Control groups (Group 3 and 

Group 4) having a mean score of 8.89% increase with a standard deviation of 17.12%, the 

Origami, experimental groups (Group 1 and Group 2) having a mean score of 3.4% 

increase with a standard deviation of 8.14%, and the Worksheet, non-experimental 

groups (Group 5 and Group 6) having a mean score of 2.9% increase with a standard 

deviation of 13.70%. 

 I also did an ANOVA for the DiffC scores.  The Null Hypothesis for this 

ANOVA states that the mean DiffC scores for the Origami, Control and Worksheet 

groups were the same ( .  A test for homogeneity was also 

conducted to determine if the ANOVA was appropriate for this situation.  Since the 

variance for the three groups was not significant with a p–value of 0.3988 using a Levene 

HOV test, the ANOVA is appropriate to use.  The p-value for this ANOVA test was 

0.0496.  Therefore the Null Hypothesis is rejected and the Alternative Hypothesis that the 

means are different is supported.  This means that the different conditions had an effect 

on the DiffC scores.  The effect size was , this means that about twenty-

one percent of the variability can be explained by the different conditions.   

The mean difference in scores for all participants’ concepts tests was 0.965%.  On 

average all of the students improved their vocabulary test scores by about 1% from the 

pre-test to the post-Test.  The breakdown of how each of the groups performed on 

average for the concept tests consist of the Control groups (Group 3 and Group 4) having 

a mean score of 6.6% decrease with a standard deviation of 11.75%, the Origami, 

experimental groups (Group 1 and Group 2) having a mean score of 8.2% increase with a 
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standard deviation of 10.52%, and the Worksheet, non-experimental groups (Group 5 and 

Group 6) having a mean score of 2% increase with a standard deviation of 14.68%. 

 Since the results for the DiffC ANOVA were significant I did a Post Hoc Test 

called Fisher’s Least Significant Difference (LSD) t-Test (Table 3.9 contains results).  

For this test, the groups with the same letter are not significantly different.  Based on the 

results the mean DiffC scores for the Origami group and the control group are 

significantly different.  The Worksheet group is not significantly different from the 

Origami or the Control groups. 

T Grouping Mean N Group 

 A 8.2% 9 O 

B A 2.0% 10 W 

B  -6.6% 10 C 

Table 3.9: Results of t Tests LSD for DiffC 

 The ANOVA test resulted in a difference in means for the DiffC scores.  The LSD 

t-Test showed that there was a difference in the DiffC means between the Origami and 

Control groups. I also did a two variable t-Test to confirm that there was a statistically 

significant difference between the mean DiffC scores for the Origami and Control 

groups.  The Null Hypothesis for this test thus stated .  The difference 

between the mean for the Origami Group (+8.2%) and the Control Group (-6.6%) was 

significant with a p-value of 0.0103.  The Null Hypothesis is rejected and the Alternative 

Hypothesis that the means are not equal is supported.  The t-Test is acceptable because 

the Equality of Variances had a p-value of 0.7662; this means that the distribution shapes 

are similar enough to use a t-Test. 
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 I additionally did a t-Test for the mean DiffV scores between the Control Group 

and the Origami Group.  This resulted in a p-value of 0.3765 which is not significant, 

however; the Equality of Variances had a p-value of 0.0396.  This means that the t-Test is 

not appropriate to use since the distributions are not close.  I did a Mann-Whitney Test 

which does not assume a specific shape for the population distribution and is referred to 

as distribution-free (Peng 2009).  The p-value for the Mann-Whitney was similar to the t-

Test at 0.3670 so there is not a significant difference in the DiffV means between the 

Origami and Control Groups and the Null Hypothesis is supported. 

Although the LSD t-Test did not show a significant difference in means between 

the Origami and Worksheet groups for the DiffC mean scores, I did a two sample t-Test 

to confirm.  The t-Tests were used to assess whether two variables represented two 

populations with different means or if any difference between the two groups was based 

on random chance (Sheskin 1997).  The p-value for the t-Test was 0.3082.  This is not 

significant and confirms that the Null Hypothesis ( ) is supported.  The t-

Test is applicable with an Equality of Variances p-value of 0.3607.  I then did another 

two sample T-Test between the Origami Group and the Worksheet Group for mean DiffV 

scores.  This was also not significant with a p-value of 0.9221.  The test is acceptable 

with a p-value of 0.1369 for the Equality of Variances. 

Lastly, I investigated any differences in scores related to gender.  I did a two 

sample t-Test for both DiffV and DiffC mean scores.  The Null Hypothesis for the t-Test 

related to the DiffC mean scores was .  An Equality of Variance test was 

performed to confirm that the t-Test is appropriate.  The p-value was 0.5238, meaning the 

variances between the two groups was not significantly different.  A t-Test was 
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performed which resulted in a non significant p-value of 0.4016.  Therefore the Null 

Hypothesis is supported and there is no significant difference.  Nineteen females and ten 

males were included in the t-Test for the DiffC values.  The mean difference in concept 

test scores for the females in my study was about +2.5% and the mean difference in 

concept test scores for the males in my study was -2%.   

The Null Hypothesis for the t-Test related to the DiffV mean scores was the same 

as for the last test ( ).  An Equality of Variance test was performed to 

confirm that the t-Test is appropriate.  The p-value was 0.1192, so the variances between 

the two groups were not significantly different.  A t-Test was performed which resulted 

in a non significant p-value of 0.9829.  Therefore the Null Hypothesis is preserved and 

there is no difference between male and female test scores for the Concepts test.   For the 

t-Test for gender influence on the DiffV values, only eighteen females and eleven males 

were included.  The mean difference in vocabulary test scores for the females was about 

+4.9% and the mean difference in concept test scores for the males was +5%.   

Table 3.10 is a summary of all aforementioned statistical tests and their results.  

The rows in red contain significant results.  

Statistical Test Groups 

Looked at 

DiffC or 

DiffV 

p-value Significant? 

ANOVA O,W,C DiffV 0.5684 No 

ANOVA O,W,C DiffC 0.0496 Yes 

2 variable T-Test O, C DiffC 0.0103 Yes 

2 variable T-Test O, C DiffV 0.3765 Test not reasonable 

Mann-Whitney O, C DiffV 0.3670 No 

2 variable T-Test O, W DiffC 0.3082 No 

2 variable T-Test O, W DiffV 0.9221 No 

2 variable T-Test F, M DiffV 0.9829 No 

2 variable T-Test F, M DiffC 0.4016 No 
Table 3.10: Results of Significance for Statistical Tests (“O” is origami; “C” is 

control, and “W” is worksheet, “F” is female and “M” is male).           
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Finally, I looked at the correlation between variables.  The Pearson Correlation 

Coefficients are displayed in Figure 3.2 and Table 3.11.  The correlations in Table 3.11 

that are red are statistically significant.          

Figure 3.2: Correlation Coefficients 

     

Variables Pearson 

Correlation 

Coefficient 

P-Value  Variables Pearson 

Correlation 

Coefficient 

P-Value 

PostV: PreV 0.77646 <0.0001 DiffC: PostV -0.27928 0.1501 

DiffV: PreV -0.10257 0.5958 DiffC: DiffV -0.38067 0.0457 

DiffV: PostV 0.54705 0.0021 DiffC: PreC -0.52384 0.0035 

PreC: PreV 0.39038 0.0247 DiffC: PostC 0.07219 0.7098 

PreC: PostV 0.73130 <0.0001 Attend: PreV -0.23734 0.1698 

PreC: DiffV 0.57205 0.0015 Attend: PostV -0.47356 0.0062 

PostC: PreV 0.55931 0.0013 Attend: DiffV -0.35671 0.0575 

PostC: PostV 0.72532 <0.0001 Attend: PreC -0.26969 0.1291 

PostC: DiffV 0.40607 0.0288 Attend: PostC -0.25456 0.1528 

PostC: PreC 0.81178 <0.0001 Attend: DiffC 0.21496 0.2628 

DiffC: PreV -0.00590 0.9757  Key: Correlations in red are statistically significant 

Table 3.11: Pearson Correlation Coefficients 
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Chapter Four: Conclusion and Discussion 

4.1 Comments on Results 

 4.1.1 Raw Data 

The raw data were recorded as percentages for ease of comparison.  The 

Vocabulary tests had a different number of points than the Concepts tests.  Also the Pre-

Concepts test had different scoring than the Post-Concepts test.  Thus percentages 

allowed for easy comparisons.  There are three types of missing data, an absence of 

information, invalid responses, or unusable responses (Peng 2009).  A few students gave 

up on their tests before working on them to completion. Doing so would give a slightly 

unrealistic difference of scores between their pre-tests and post-Tests, especially since, as 

a whole, the students were better at completing the pre-tests as the pre-tests were a new 

and exciting experience from their normal routine.  Also due to attendance, not all of the 

students in each group had the same experience. 

In the Post-Test: Vocab I asked the students if they learned anything during my 

project, what they learned, and, if they were part of the origami groups (Group 1 and 2), I 

asked if they liked the origami and why.  Twenty-four of the twenty-eight students that 

answered the question pertaining to whether they felt they had learned something with 

me said that they had.  One student said, “I learned [what] a polyhedron, hexahedron, and 

a pentahedron is.  It’s a polygon that’s 3D.”  Another said that they learned “vocabulary.”  

Several wrote that they learned about shapes including one which said, “I learned about 

the names of shapes and how to find area.”  Eight of the nine students that answered 

whether they liked the origami stated that they did like the origami.  When responding to 

the question of “Why or why not?” one student said, “Because it is a part of math and I 
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like to do origami because it teaches you about shapes”.  These are positive anecdotal 

responses similar to what Cakmak (2009) and Purnell (2009) received with their work.  

   

4.1.2 Statistics 

When looking at the means for the Diff scores for different groups (Table 3.7) I 

had a curious observation that the younger groups (3 and 5) for the Control and 

Worksheet non-experimental groups improved more in their concepts than vocabulary.  

The older groups (4 and 6) for these same conditions improved more in their vocabulary.  

Based on the set-up of the tests I may have expected the opposite due to the amount of 

reading and understanding required in the concepts tests over the multiple choice picture 

vocabulary tests.  One justification for this observation is that the younger students knew 

the vocabulary fairly well with the exception of the higher level words such as 

hexahedron and polygon and did not learn those higher level words in the Control or 

Worksheet groups and thus showed no improvement in the vocabulary tests but the 

younger students were able to learn new concepts, improving their concept scores.  The 

older students in these two groups may have had a similar situation where they knew 

most of the concepts presented without the ability to learn many new concepts resulting 

in little visible improvement but they were able to learn the higher level vocabulary terms 

and show notable improvement in their vocabulary scores. 

There were not many statistically significant results from this pilot study.  Gender 

did not have an influence on the students’ testing performances.  Some studies concur 

with these findings while others contradict them.  Boakes (2008) found that gender did 

play a role in middle school students’ responses to the origami lessons looking at spatial 
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visualization skills.  A recent article (Robelen 2012) on the gender gap in mathematics 

could be eliminated by removing the stereotype that boys are better in math than girls.  

This article (Robelen 2012) also noted that many studies show that there is no gender 

difference for math learning. 

The origami group did significantly better on the Post-Test: Concepts compared 

to their Pre-Test: Concepts than the control group (p value of 0.0103).  This supports the 

idea that the origami projects helped the students learn certain math concepts.  Cakmak 

(2009) found that that origami lessons had a positive influence on the students’ spatial 

visualization and orientation.  Boakes and Stockton (2009) however did not find any 

significant improvement in geometry skills due to origami based lessons.  I however do 

not believe they incorporated the origami well as a lesson and the items for their tests 

were “chosen based on their connection to geometry and spatial sense, but not to text 

content (Boakes and Stockton 2009, 7).”   This implies that their origami lessons may or 

may not have included the same information that was presented on the testing material.  

If the lessons and tests do not correlate well than the tests may not accurately reflect the 

success of the lesson. 

I got several noteworthy and statistically significant results with the Pearson 

Correlation Coefficients.  These can be useful in designing future experiments.  There 

was a negative correlation between attendance and the Post-Test: Vocab scores for all 

students.  This could be significant because of the low numbers of participants.  Although 

many of the other studies I have been looking at have similar or lower numbers of 

participants (Yuzawa and Bart 2012; 24 participants, Boakes and Stockton 2009; 56 

participants, Cakmak 2009: 38 participants).  It could have also been affected by certain 



 

 
38 

students’ circumstances.  One of the participants from Group 1, an origami group, left 

early before completing the post vocabulary test resulting in a lower score than he/she 

may have gotten.  This student had an 88% attendance but a low attention span and often 

left mid lesson.  Another factor that could have resulted in this unexpected significant 

result was that students in all groups, particularly in the Control groups, who missed days 

around the tests ended up taking both pre-tests or both post-tests in the same day.  This 

could have resulted in the lower attendance producing higher Post-Test: Vocab scores.  

For the pre-tests the students took the vocabulary test first then the concepts test but for 

the post-tests the students took the concepts test and then the vocabulary test.  Both tests 

had some overlap in material and they could have used what was stated as fact on the 

concept test to assist them on the vocabulary test questions.  For example, question 

number 16 on the Post-Test: Concepts asks “How many faces does a hexahedron have?” 

with an image of a hexahedron included and question number 13 on Post-Test: Vocab 

asks the students to “Circle the hexahedron” with multiple choice images (see Appendix 

C for test examples).  This means that if they did not know what a hexahedron was they 

still might have gotten the answer right on the vocabulary test by remembering what they 

just saw on the concepts test.  I considered removing these students from the data for 

more accurate results, however, then I would also have to take a closer look at several 

other participants that may need to be removed as well which would leave me with very 

few who went through the whole procedure correctly.  For example, one of the students 

from the control group asked to do an origami fish after he was done with his homework.  

Without realizing he was in the control group and not the origami group I folded the fish 

with him.  Although I did not teach the lesson that went along with the fish I should not 
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have exposed him to the origami.  There is a possibility that since both of his sisters were 

in the origami group they may have taught him the fish at home.  Another student, who 

was in the origami group, was very interested in the origami and folded many more 

whales and fish after the lessons were over and the other students left.  The lessons were 

not taught again but she may have had an advantage on the post-tests than the students 

who did not ‘review’. 

The other significant correlations included the positive correlation between doing 

well on the Pre-Test: Vocab and the Post-Test: Vocab as well as between Pre-Test: 

Concepts scores and the Post: Test Concepts both with a p- value of less than 0.0001.  

This means that the students who performed well on the vocabulary and concepts pre-test 

tended to do well on the post-Test and vice versa.  This can be expected regardless of the 

conditions that the students were exposed to.  There were seven other statistically 

significant positive correlations and two statistically significant negative correlations.  

There was a high positive correlation between the Post-Test: Vocab scores and Post-Test: 

Concepts scores, and between the Pre-Test: Concepts and Post-Test: Vocab scores with a 

p- value of less than 0.0001.  The positive correlation between both types of post-Test 

scores could be explained by the fact that a student who does well on tests in general 

would likely do well on both tests.  Students could have been in good frames of mind, 

well rested and well fed in the time frame that they took both post-Tests.  This same 

explanation can be applied to the statistically significant positive correlation between the 

Pre-Test: Concepts scores and the Pre-Test: Vocab Scores which had a p-value of 0.0247.  

The positive correlation between the Pre-Test Concepts and Post-Test: Vocab could also 

be observed as a correlation due to good test takers in general.  Similarly, there are 
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positive correlations between the Post-Test: Vocab scores and the difference between 

pre- and post-vocabulary test scores with a p- value of 0.0021, between the Pre-Test: 

Concepts scores and the difference between pre- and post-vocabulary test scores with a p- 

value of 0.0015, between the Post-Test: Concepts scores and the Pre-Test: Vocab scores 

with a p-value of 0.0013, and between Post-Test: Concepts scores and the difference 

between pre- and post-vocabulary test scores with a p- value of 0.0288, can be inferred to 

exist due to those students being good overall test takers. 

The negative correlations that were statistically significant were more thought-

provoking.  There was a negative correlation between the difference in pre- and post- 

vocabulary test scores and the difference between the pre- and post- concept test scores 

with a p-value of 0.0457.  Students who learned new vocabulary or concepts and had a 

positive improvement in test scores in one category tended to not do well or improve test 

scores in the other.  The last statistically significant result from the Pearson Correlation 

Coefficients was the negative correlation between the Pre-Test: Concepts and the 

difference between the Pre- and Post-Test: Concepts scores with a p-value of 0.0035.   

Students who did well on the Pre-Test: Concepts did not show improvement in their 

concept test scores.  Based on the calculations used to find a difference score there tends 

to be a negative correlation with the pretest values (Linn and Slinde 1977).  This strong 

negative correlation is likely a result of those students who did really well so they had no 

room to improve thus earning low DiffC scores.  Those students who did not perform as 

well on the Pre-Test: Concepts and learned new concepts earned higher DiffC values than 

the students who tested well in the first place.   
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4.2 Comments on Study 

This project is a pilot study.  There are not enough participants to get a lot of 

valuable significant statistical data.  There were several factors that contributed to the low 

participant numbers.  The timing of the research played into several of the participants 

not completing the whole project.  I worked with the students in November and 

December which meant that I was working with the students around the Thanksgiving 

break and their winter holiday break.  Children were less likely to come to the homework 

help session and they had less focus for working on academic activities.  Since I started 

volunteering in the Boys and Girls Club in September I got to observe that on Mondays 

when the students had homework due for the week the homework help room was very 

busy with students wanting to get their homework done.  As the week progressed and the 

students got closer to the weekend attendance and enthusiasm decreased.  A similar 

phenomenon occurred as both breaks that I was present for approached.  The time was 

not a major issue because Groups 1, 2, and 3 were finished before the Thanksgiving 

break and Groups 4, 5, and 6 completed the project in the time segment between the two 

breaks.   

Attendance was an issue for the success of the project.  Some of the attendance 

was influenced by the time of year.  Ten students were not able to be included in the pre-

test/post-Test comparisons due to completing more than one but less than all four of the 

tests.  Several students, who were still included in the pre-test/ post-Test comparisons, did 

not participate in all of the research activities due to poor attendance.  Some students did 

not bother to come even when they were present at the Boys and Girls Club.  This could 

have been due to them not hearing the front desk call them to the room, them not feeling 
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like coming, or they had another activity they would prefer to participate in instead of 

coming to the homework help room.    

Attention was another complication with the project.  Some children would come 

late or not at all because they had something they wanted to do instead.  Many students 

had different mindsets when approaching this project.  I had one participant nervously 

ask me what happens if they do not do well, every time they took one of the tests.  This 

stress of failing in a situation where not all students had the opportunity to succeed one 

hundred percent could have affected their attention to the project as well as their test 

scores.  Other students were so happy to get the one-on-one attention that I was providing 

along with the feeling that they were special that they were on board for anything I had 

them do.  There were even a few who wanted to participate which was made evident by 

their getting upset when they were finished with the project.  However, they felt it 

necessary to not give their full attention and participate.  Still, it was the location that I 

had to work in that contributed to many of the attention issues.   

Many of the students refused to try on concepts with which they were unfamiliar.  

It was unrealistic to try to teach kindergarteners multiplication and division in a sentence 

or two which made it complicated to try to work with the older ones in the same group 

who may have been able to learn something. 

I began the project by reading to the younger group the pre-tests one question at a 

time so that I knew each student understood what was being asked, especially when many 

of the students struggled with reading.  I had to repeat most of the questions because all 

the students could not hear me over the other noises in the room (a layout of the location 

is located in Appendix A).  Reading the questions aloud also drew the attention from the 
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other students who wanted to understand what we were doing.  Additionally it seemed to 

give the students a greater feeling that they were allowed to talk about the test questions 

aloud.  The larger issue with reading aloud to the students was the time that it took.  

Those who finished early simply left and I was under strict time constraints so that they 

could also complete all their homework in the time allotted to us.  I began asking the 

students if they had any trouble reading and to ask me if they needed anything specific 

read to them.  This appeared to work, my concern lay in whether each student had the 

same opportunity to succeed as well as if they truly understood the questions asked of 

them. 

Students who come from lower income families tend to enter school without a 

good foundation for reading.  This is mainly due to the fact that these students are not 

exposed to as many words in the home as middle-class students (Walker 2010).  I was 

told when I started volunteering with the Boys and Girls Club that they could always use 

volunteers to help the students with their reading.  This was because the teachers in the 

homework help room had too many children to help to take the time to read a story with a 

single child.  To practice and improve their reading skills many students are assigned to 

read a book out loud with a parent, older sibling or teacher so that when they stumble on 

a word they can get help.  Even when I tried to sit down and help a student read a story I 

had to stop several times to help another student with a homework question.  I observed 

that many students would not read the instructions for their homework and try to just 

guess what was needed to complete the assignment.  This may or may not have been a 

result of the fact that many of the students had weak reading skills.     
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One factor that should have been more controlled in my study was a better 

introduction to the project for the students so that they understood what was going to be 

asked of each of them individually as well as reading and explaining the testing.  The 

loud chaotic noises in the homework help room made it difficult to talk with the students 

in my group.   

Something that I could have done to help participation and attention was the 

length of the project for each participant.  For the experimental and non-experimental 

groups I did three projects between the pre-tests and post-Tests.  Doing just one or maybe 

two projects instead may have resulted in more participants completing a higher percent 

of the project.  For the whale model (Appendix B), which I folded twice with the students 

to teach them different lessons, the students wanted to fold the model faster than I could 

teach the new lessons because they already knew the folds. 

In the environment I was in to perform this study family ties were very important.  

This meant older siblings felt it necessary to assist younger siblings.  Origami encourages 

cooperation which in certain circumstances can provide benefits to those involved 

(Purnell 2009; Chen 2005).   This did not have a huge effect on my project because I 

divided the students into two different age groups and tried to put siblings into different 

conditions but I did have a few problems with some of the older students trying to help 

the younger students on their tests.  The collaborative and social nature of informal 

activities does make it difficult to access learning and success of these activities (Fenichel 

and Schweingruber 2009).          
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4.3 Discussion  

Purnell (2009) observed positive feedback from doing the origami with the 

children; however, there are numerous social learning aspects that I was not able to 

observe.  To look at the true efficiency of this project it may help to stay longer and 

perform a secondary set of post-tests a month or so later to observe how well the origami 

helped the students retain information.  These social leanings that Purnell (2009) 

observed with her origami groups will likely also crop up if I had had more time with the 

students.  She comments that a big thing that they learned was vocabulary.  We looked at 

different types of vocabulary.  Possibly my vocabulary should have been ingrained in the 

origami more effectively.  Both Chen (2005) and Purnell (2009) discuss the idea that 

students will be self-motivated to work together and create a sense of community with the 

origami (Levenson n.d.).  I did not see this phenomenon in my groups.  This is likely 

attributed to the location and the size of the group.  With only ten students at most at a 

time I was available to assist them as they needed it so they had no need to turn to their 

peers.  The location also did not lend to quietly and calmly work together on a shared 

goal.      

 Even though I did not observe all of the same behaviors as Purnell (2009), I did 

notice students desire to be a part of the project although not all of them projected this 

desire positively.  I had one student resist participating every time that they were called.  

Then after a few days the student began to ask when the project would be over.  When I 

no longer needed his participation he was upset.  Another student ran and gave me a hug 

every day that I was there and working with her.  Both students, albeit in their own way, 

appreciated the benefits that my project had to offer them.  These benefits not only 
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included my one-on-one attention that was a rarity at the homework help sessions but 

also increased self-esteem, pride in their work, and empowerment (Levenson n.d.).   

 Another study (Yuzawa 2010), which examined size comparison strategies in 

young children and how origami might help, had a different type of teaching style when it 

came to the origami.  They had a tendency to fold the paper wrong and ask the students if 

they thought it was appropriate.  This integrated the size comparison learning that they 

wanted to teach the children easily.  The way that origami was used to teach in this study 

was different than the method of incorporating the origami into a lesson that Yuzawa and 

Bart (2012) and I used.  It would be a good follow-up study to look at the difference 

between origami assistance in learning simply as a hands-on activity versus integrated in 

a lesson plan.  

 There is a new concept of origami lessons that has developed in the last few years 

called storigami.  This is when a story is incorporated with the academic origami lesson.  

Storytelling + Origami =Storigami Mathematics (Mastin 2007) is an article that describes 

this practice.  I found the story that was given as an example interesting but it had too 

much going on and not enough involved in the lessons.  This might, however, be well 

used in an elementary classroom particularly when trying to teach several subject lessons 

in one activity.  It would also work very well in the informal setting.  You could integrate 

just about any kind of lesson into the storigami.  It might also be more interesting and 

entertaining to the children.  If the goal isn’t for the students to catch every part of your 

lesson for a test but instead just to get them involved so that they might pick up some new 

knowledge, storigami would be suitable.  

 



 

 
47 

4.4 Implications of the Study 

 Origami addresses all of the different learning types so that all students have the 

opportunity to be engaged and gain new knowledge.  The most commonly identified 

styles of learning include auditory, symbolic abstract, visual-spatial, and kinesthetic 

(Denig 2004, Boakes and Stockton 2009).  Origami addresses auditory learning through 

verbal step-by-step instruction and lecture.  Symbolic abstract learning occurs through 

origami diagrams and any worksheets that may accompany the origami.  Visual-spatial 

learning comes in when the students watch the teacher or instructor perform the origami 

steps to follow and with the different shapes that the students create.  Lastly, when the 

students manipulate the paper kinesthetic learning takes place. (Boakes and Stockton 

2009) 

This study, even though it is a pilot, shows that there can be positive outcomes for 

informal education, such as using origami, to teach mathematical concepts.  If there are 

enough studies done on the different types of informal education that can be applied to 

the classroom to assist student’s learning then some of these informal activities may 

make it into the school curriculum.  Getting origami and other educational tools into the 

classroom will not only help the students understand the knowledge presented to them a 

little better it will in addition provide them with a well-rounded learning environment.   

  

4.5 Future Recommendations 

The “Building Blocks” program created by the National Science Foundation 

identifies the importance of helping young children incorporate math in their everyday 

life so that they can create a strong foundation for future math learning (Ferrante 2012).  

It is important to continue researching what types of programs can be implemented to 
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assist students’ learning so that they can achieve the highest success possible and become 

highly functioning citizens (Ernest 2010).   

As far as the design of the study is concerned a control origami group may have 

worked better than the non-experimental worksheet group.  I wanted to see whether the 

students were capable of learning the concepts presented to the origami group and tried to 

present it to them in a way that they might come across it in a formal classroom setting.   

Origami projects should be observed integrated in the classroom.  This is an 

important aspect of the idea that informal education as a bridge between formal education 

and real world interactions.  Having the project conducted in the classroom may assist 

with the attendance, attention, and participant number issues.  Although not all students 

have perfect attendance and some skip classes there is a greater expectation for students 

to show up to classes than it is for them to show up to certain after school programs or 

extracurricular activities.   

Having a classroom or classroom-like setting would also give the instructor the 

ability to write notes on a board to supplement the origami.  For example when I tried to 

teach the younger students about fractions, even though the origami visuals may have 

helped them learn the concept, they had a hard time understanding how a fraction is 

supposed to be written simply through verbal explanation.  In my setting bringing in any 

type of poster or large paper note board would have been slightly difficult.  This would 

also have been novel and caused those not in my study to run over and disrupt the 

lessons.  Although in other informal settings notes or worksheets could be used very 

effectively, the ability to integrate these notes into a classroom lesson with the origami 

may result in the students gaining more from the lesson.   
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A new location is necessary for this project to work better.  A classroom does not 

have to be the next step for this research but the issue of attention in particular would be 

improved with a better location.  The Boys and Girls Club could still be utilized if the 

project were to have its own room to take away the distractions (See Appendix A for 

Location Re-Creation).  Although using origami in the setting that I had could have its 

uses to study origami as an informal learning tool to assist formal classroom learning, the 

project should be conducted in a similar situation to the formal classroom.  

Population variability may need to be taken into account when more data are 

collected for this type of study.  The population I had to work with consisted of students 

from different schools.  However, they came from similar racial, economic and attitude 

backgrounds.  Students from low income families are not as ready for school as students 

from middle class families (Janus and Duku 2007).  This could mean that the population 

that I had is not representative of the general population of elementary school students. 

 Another alteration to the pilot, when there are more participants, is to break down 

the project into the different concepts and vocabulary words (See Appendix B for 

example).  This would allow me or another researcher to be able to pin point what 

concepts the origami helps with the most.  This could show teachers when the best time 

might be in the curriculum to use this type of project to assist the students’ learning.  

Based on the statistically significant results for the negative correlation between the 

difference in test scores for the pre- and post-Tests for vocabulary and concepts it might 

be a good idea to look at the breakdown of the project.  This significance may have 

resulted from the fact that the younger students tended to do better on the concepts tests 
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and the older students tended to perform better on the vocabulary tests in the worksheet 

non-experimental groups and the control group.   

 Another recommendation for further research would be to look at how effective 

origami could be when used as a study tool similar to how I used it at Saint Stephens 

Episcopal School.  While at Saint Stephens I was able to teach the students how to fold 

an origami fish while reviewing concepts that would be on their next test.  This replaced 

the normal review the teacher would do.  It would be interesting to see if the origami 

would help the students retain information better for a test.  Additionally a study to 

compare the use of origami with related mathematical computer programs could be a 

useful avenue for future research. 

 

4.6 End 

“Mathematics teaching should emphasize activities that encourage students to 

explore mathematics topics” (Garofalo 1989).  To bridge the gap between what students 

learn in the classroom and what they need to do in the world, informal education 

techniques should be investigated.  Origami can be used to teach many concepts (Pearl 

2008).  Mastin (2007) comments that origami is “a way to add realism and interest to 

mathematics (207)”.  Since this is a pilot study, further research needs to be conducted to 

observe the potential of origami for teaching math concepts to elementary school 

students.   
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Copyright 1993 by Michael Friedman Publishing Group, Inc. 
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IRB Approval 

I received IRB approval on 10/29/2011 which expires on 10/29/12.  My IRB 

number is 11-024. 

Location Re-Creation 

 

 

Site for study  
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Location Approval 

Dear Jeanne Viviani: 

It is my understanding that Gina Fawks will be conducting a research study at the 

Roy McBean Boys & Girls Club on youth mathematics and origami. Ms. Fawks has 

informed our staff of the design of the study as well as the targeted population.  

I support this effort and will provide any assistance necessary for the successful 

implementation of this study. If you have any questions, please do not hesitate to contact 

me. 

 

Best, 

Yvonne Zaccone 

Volunteer and Outcomes Specialist 
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Consent Letter and Form 

 
11/7/11 

 

Dear Parent or Guardian: 

 

I am a student at New College of Florida.  I am conducting a research project on using 

origami to teach math.  I am writing to request permission for your child to participate.  

 

The study consists of each student taking a short pre-test, then some doing worksheets 

and some doing origami, then each student will take a post test.  The project will be 

explained in terms that your child can understand, and your child will participate only if 

he or she is willing to do so. Only I will have access to information from your child. At 

the end of the study, children’s responses will be reported as group results only.  The 

study will be made available in the thesis section of the New College of Florida library.   

 

Participation in this study is voluntary. Your decision whether or not to allow your child 

to participate will not affect the services normally provided to your child by the Roy 

McBean Boys and Girls Club. Your child’s participation in this study will not lead to the 

loss of any benefits to which he or she is otherwise entitled. Even if you give your 

permission for your child to participate, your child is free to refuse to participate. If your 

child agrees to participate, he or she is free to end participation at any time. You and your 

child are not waiving any legal claims, rights, or remedies because of your child’s 

participation in this research study. 

 

Should you have any questions or desire further information, please call me or email me 

at 941-302-0279 or Gina.Fawks@ncf.edu.  You may also contact my thesis sponsor, Dr. 

Gilchrist, at 941-487-4377 or Gilchrist@ncf.edu.  Keep a copy of this letter for your 

records. 

  

If you have any questions about your rights as a research subject, you may contact the 

New College Institutional Review Board (IRB) by mail at Research Programs & 

Services, New College of Florida, COH 214, 5800 Bay Shore Road, Sarasota, FL 34243, 

by phone contact Jeanne Viviani at (941) 487-4649, or by e-mail at irb@ncf.edu. This 

study (IRB 11-024) was approved by the IRB on 10/29/11. 

 

Sincerely,  

 

 

Gina Fawks 

New College of Florida 

 

 

 

mailto:Gina.Fawks@ncf.edu
mailto:Gilchrist@ncf.edu
http://www.ncf.edu/orps
http://www.ncf.edu/orps
http://www.ncf.edu/orps/staff/jeanne-viviani
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Consent Form 

 

Please indicate whether or not you wish to allow your child to participate in this project 

by checking one of the statements below, signing your name and handing it back to me 

(Gina Fawks). Sign both copies and keep one for your records. 

 

 

_____ I grant permission for my child to participate in Gina Fawks’ study on Informal 

Math Education. 

 

_____ I do not grant permission for my child to participate in Gina Fawks’ study on 

Informal Math Education 

 

 

 

 

__________________________                                ______________________________ 

Signature of Parent/Guardian    Printed Parent/Guardian Name  

 

 

 

__________________________    _______________________      _________ 

Printed Name of Child                Child’s Grade   Date 

 

 

 

_____________________________                           __Gina Fawks_________________ 

Signature of Principal Investigator Printed Name or Principal 

Investigator 
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Child Assent 

 

 You are being asked to participate in Gina 

Fawks’ study, Informal Math Education.  You will be 

asked to complete some worksheets and participate in 

a few lessons.  This is completely voluntary and will 

not affect the help you get on your homework at the 

Boys and Girls Club.  Feel free to ask Miss Gina if 

you have any questions or concerns.  Please sign your 

name below if you would like to help with this 

project. 

 

 

_______________________________     _________________________________  ____ 

   Child’s Signature                                    Child’s Name      Age 

 

 

_________________________           _______Gina Fawks_______       ______________ 

Investigator’s Signature                                   Investigator’s Name                        Date 
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Hexahedron Diagram 

 

Whale and Twist Fish Diagrams 

 

Example Whale Lesson Plan 
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Lesson Plans 

Origami 

-Consent forms 

-Pre-test 

-Vocab: square, pentagon, triangle, quadrilateral, hexagon, line of 

symmetry, polygon, trapezoid, congruent, rhombus, regular and 

irregular shapes, polyhedron, hexahedron, geometry, origami,  

-Concepts: multiplication and division, adding and subtracting, 

reasonableness, counting edges, faces and vertices, counting 

(triangles), pairs (triangles), fractions (1/2), area of square and 

triangle, fractions (using colors/ out of 3) 

-Whale 

-Vocab: quadrilateral, polygon, triangle, line of symmetry, congruent, 

regular and irregular shapes, pentagon 

-Concepts: counting edges and vertices, counting (triangles), pairs 

(triangles), fractions (1/2)   

 -Hexahedron 

  -Vocab: hexahedron, rhombus, square, polyhedron, line of symmetry 

-Concepts: multiplication and division, adding and subtracting, counting 

edges, faces and vertices, area of square and triangle, counting 

(triangles), fractions (using colors/ out of 3) 

 -Twist Fish 

  -Vocab: trapezoid, hexagon, quadrilateral, pentagon 

-Concepts: multiplication and division, adding and subtracting, 

reasonableness, counting edges and vertices 

-Post Test (same vocab and concepts as pre-test) 

-Origami Post-thesis Survey 

 

Control 

-Consent forms 

-Pre-test 

-Vocab: square, pentagon, triangle, quadrilateral, hexagon, line of 

symmetry, polygon, trapezoid, congruent, rhombus, regular and 

irregular shapes, polyhedron, hexahedron, geometry, origami 

-Concepts: multiplication and division, adding and subtracting, 

reasonableness, counting edges, faces and vertices, counting 

(triangles), pairs (triangles), fractions (1/2), area of square and 

triangle, fractions (using colors/ out of 3) 

- Worksheet A 

-Vocab: quadrilateral, polygon, triangle, line of symmetry, congruent, 

regular and irregular shapes 

-Concepts: counting edges and vertices, counting (triangles), pairs 

(triangles), fractions (1/2)   
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- Worksheet B 

 -Vocab: hexahedron, rhombus, square, polyhedron, line of symmetry 

-Concepts: multiplication and division, adding and subtracting, counting 

edges, faces and vertices, area of square and triangle, counting 

(triangles), fractions (using colors/ out of 3) 

- Worksheet C 

  -Vocab: trapezoid, hexagon, quadrilateral, pentagon 

 

-Concepts: multiplication and division, adding and subtracting, 

reasonableness, counting edges and vertices 

-Post Test (same vocab and concepts as pre-test) 

-Post-thesis Survey 

 

 

Alternate Origami Diagrams (if the children need something easier/harder or I feel like I 

need more: 

 -journal 

   -Vocab: rectangle, quadrilateral 

  -Concepts: counting, fractions, line of symmetry, counting edges and 

vertices 

 -Cube 

  -Vocab: Cube, polyhedron, polygon 

-Concepts: count edges and vertices, count faces, fractions (using colors/ 

out of 2, 3, 6) 

 -Sailor’s hat 

-Vocab: rectangle, quadrilateral, triangle, pentagon, regular and irregular 

shapes 

  -Concepts: line of symmetry, counting, area of a square and triangle 

  -Dog/cat 

   -Vocab: triangle, congruent, pentagon, hexagon, polygon 

   -concepts: Counting, count vertices and edges 

  -Sailboat 

   -Vocab: triangle, trapezoid, quadrilateral, square, congruent 

   -Concepts: counting, count edges and vertices 
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Diagrams 
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Example Concept Breakdown Chart 

Grade Concepts  Student    

   11 12 13 14 

K Represent numbers up to 20 Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

 Identify squares, triangles, 

circles, rectangles, hexagons, 

and trapezoid 

Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

 Counting Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

1
st
 Addition and subtraction Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

 Quadrilateral Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

2nd Multiplication and division Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

 Congruence Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

 Fractions Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade     
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Level? 

4
th

 Area of a rectangle/square Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

5th Reasonableness problems Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

 Polyhedron Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

 Counting Faces, Edges and 

Vertices 

Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

 Area of Triangle Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 

    

Other Irregular or Regular shapes and 

line of symmetry 

Times seen     

  Pre-Test Score     

  Post-Test Score     

  Appropriate Grade 

Level? 
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Florida Sunshine Standards (K-6) 

 

Mathematics Standards 

 

GRADE: K 

 

Big Idea 1: BIG IDEA 1 

Represent, compare, and order whole numbers and join and separate sets. 

BENCHMARK CODE BENCHMARK 

MA.K.A.1.1 Represent quantities with numbers up to 20, verbally, in writing, and with 

manipulatives. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.K.A.1.2 Solve problems including those involving sets by counting, by using cardinal and 

ordinal numbers, by comparing, by ordering, and by creating sets up to 20. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.K.A.1.3 Solve word problems involving simple joining and separating situations. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Big Idea 2: BIG IDEA 2 

Describe shapes and space. 

BENCHMARK CODE BENCHMARK 

MA.K.G.2.1 Describe, sort and re-sort objects using a variety of attributes such as shape, 

size, and position. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.K.G.2.2 Identify, name, describe and sort basic two-dimensional shapes such as squares, 

triangles, circles, rectangles, hexagons, and trapezoids. 
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.K.G.2.3 Identify, name, describe, and sort three-dimensional shapes such as spheres, 

cubes and cylinders. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.K.G.2.4 Interpret the physical world with geometric shapes, and describe it with 

corresponding vocabulary.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.K.G.2.5 Use basic shapes, spatial reasoning, and manipulatives to model objects in the 

environment and to construct more complex shapes. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Big Idea 3: BIG IDEA 3 

Order objects by measurable attributes. 

BENCHMARK CODE BENCHMARK 

MA.K.G.3.1 Compare and order objects indirectly or directly using measurable attributes such 

as length, height, and weight. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Supporting Idea 4: Algebra 

Algebra 

BENCHMARK CODE BENCHMARK 

MA.K.A.4.1 Identify and duplicate simple number and non-numeric repeating and growing 

patterns. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 
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Supporting Idea 5: Geometry and Measurement 

Geometry and Measurement 

BENCHMARK CODE BENCHMARK 

MA.K.G.5.1 Demonstrate an understanding of the concept of time using identifiers such as 

morning, afternoon, day, week, month, year, before/after, shorter/longer. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

GRADE: 1 

 

Big Idea 1: BIG IDEA 1 

Develop understandings of addition and subtraction strategies for basic addition 

facts and related subtraction facts. 

BENCHMARK CODE BENCHMARK 

MA.1.A.1.1 Model addition and subtraction situations using the concepts of "part-whole," 

"adding to," "taking away from," "comparing," and missing addend." 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.1.A.1.2 Identify, describe, and apply addition and subtraction as inverse operations. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.1.A.1.3 Create and use increasingly sophisticated strategies, and use properties such as 

Commutative, Associative and Additive Identity, to add whole numbers. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.1.A.1.4 Use counting strategies, number patterns, and models as a means for solving 

basic addition and subtraction fact problems. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 
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Big Idea 2: BIG IDEA 2 

Develop an understanding of whole number relationships, including grouping by 

tens and ones. 

BENCHMARK CODE BENCHMARK 

MA.1.A.2.1 Compare and order whole numbers at least to 100. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.1.A.2.2 Represent two digit numbers in terms of tens and ones. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.1.A.2.3 Order counting numbers, compare their relative magnitudes, and represent 

numbers on a number line. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Big Idea 3: BIG IDEA 3 

Compose and decompose two-dimensional and three-dimensional geometric 

shapes. 

BENCHMARK CODE BENCHMARK 

MA.1.G.3.1 Use appropriate vocabulary to compare shapes according to attributes and 

properties such as number and lengths of sides and number of vertices.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.1.G.3.2 Compose and decompose plane and solid figures, including making predictions 

about them, to build an understanding of part-whole relationships and properties 

of shapes.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 4: Algebra 

Algebra 
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BENCHMARK CODE BENCHMARK 

MA.1.A.4.1 Extend repeating and growing patterns, fill in missing terms, and justify 

reasoning. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 5: Geometry and Measurement 

Geometry and Measurement 

BENCHMARK CODE BENCHMARK 

MA.1.G.5.1 Measure by using iterations of a unit, and count the unit measures by grouping 

units.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.1.G.5.2 Compare and order objects according to descriptors of length, weight, and 

capacity.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Supporting Idea 6: Number and Operations 

Number and Operations 

BENCHMARK CODE BENCHMARK 

MA.1.A.6.1 Use mathematical reasoning and beginning understanding of tens and ones, 

including the use of invented strategies, to solve two-digit addition and 

subtraction problems. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.1.A.6.2 Solve routine and non-routine problems by acting them out, using manipulatives, 

and drawing diagrams. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 
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GRADE: 2 

 

Big Idea 1: BIG IDEA 1 

Develop an understanding of base-ten numerations system and place-value 

concepts. 

BENCHMARK CODE BENCHMARK 

MA.2.A.1.1 Identify relationships between the digits and their place values through the 

thousands, including counting by tens and hundreds. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.A.1.2 Identify and name numbers through thousands in terms of place value, and apply 

this knowledge to expanded notation.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.2.A.1.3 Compare and order multi-digit numbers through the thousands. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Big Idea 2: BIG IDEA 2 

Develop quick recall of addition facts and related subtraction facts and fluency 

with multi-digit addition and subtraction. 

BENCHMARK CODE BENCHMARK 

MA.2.A.2.1 Recall basic addition and related subtraction facts. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.2.A.2.2 Add and subtract multi-digit whole numbers through three digits with fluency by 

using a variety of strategies, including invented and standard algorithms and 

explanations of those procedures. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.A.2.3 Estimate solutions to multi-digit addition and subtraction problems through three 

digits. 
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.A.2.4 Solve addition and subtraction problems that involve measurement and 

geometry. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Big Idea 3: BIG IDEA 3 

Develop an understanding of linear measurement and facility in measuring 

lengths. 

BENCHMARK CODE BENCHMARK 

MA.2.G.3.1 Estimate and use standard units, including inches and centimeters, to partition 

and measure lengths of objects. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.G.3.2 Describe the inverse relationship between the size of a unit and number of units 

needed to measure a given object. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.G.3.3 Apply the Transitive Property when comparing lengths of objects. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.G.3.4 Estimate, select an appropriate tool, measure, and/or compute lengths to solve 

problems. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 4: Algebra 

Algebra 

BENCHMARK CODE BENCHMARK 

MA.2.A.4.1 Extend number patterns to build a foundation for understanding multiples and 

factors – for example, skip counting by 2's, 5's, 10's. 
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.A.4.2 Classify numbers as odd or even and explain why.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.A.4.3 Generalize numeric and non-numeric patterns using words and tables.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.2.A.4.4 Describe and apply equality to solve problems, such as in balancing situations. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.2.A.4.5 Recognize and state rules for functions that use addition and subtraction.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 5: Geometry and Measurement 

Geometry and Measurement 

BENCHMARK CODE BENCHMARK 

MA.2.G.5.1 Use geometric models to demonstrate the relationships between wholes and 

their parts as a foundation to fractions. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.G.5.2 Identify time to the nearest hour and half hour. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.2.G.5.3 Identify, combine, and compare values of money in cents up to $1 and in dollars 

up to $100, working with a single unit of currency. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.2.G.5.4 Measure weight/mass and capacity/volume of objects. Include the use of the 

appropriate unit of measure and their abbreviations including cups, pints, quarts, 

gallons, ounces (oz), pounds (lbs), grams (g), kilograms (kg), milliliters (mL) and 

liters (L). 
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Cognitive Complexity/Depth of Knowledge Rating: Low 

 

Supporting Idea 6: Number and Operations 

Number and Operations 

BENCHMARK CODE BENCHMARK 

MA.2.A.6.1 Solve problems that involve repeated addition. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

GRADE: 3 

 

Big Idea 1: BIG IDEA 1 

Develop understandings of multiplication and division and strategies for basic 

multiplication facts and related division facts. 

BENCHMARK CODE BENCHMARK 

MA.3.A.1.1 Model multiplication and division including problems presented in context: 

repeated addition, multiplicative comparison, array, how many combinations, 

measurement, and partitioning.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.3.A.1.2 Solve multiplication and division fact problems by using strategies that result from 

applying number properties. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.3.A.1.3 Identify, describe, and apply division and multiplication as inverse operations.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Big Idea 2: BIG IDEA 2 
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Develop an understanding of fractions and fraction equivalence. 

BENCHMARK CODE BENCHMARK 

MA.3.A.2.1 Represent fractions, including fractions greater than one, using area, set, and 

linear models. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.3.A.2.2 Describe how the size of the fractional part is related to the number of equal 

sized pieces in the whole. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.3.A.2.3 Compare and order fractions, including fractions greater than one, using models 

and strategies. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.3.A.2.4 Use models to represent equivalent fractions, including fractions greater than 1, 

and identify representations of equivalence.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Big Idea 3: BIG IDEA 3 

Describe and analyze properties of two-dimensional shapes. 

BENCHMARK CODE BENCHMARK 

MA.3.G.3.1 Describe, analyze, compare, and classify two-dimensional shapes using sides 

and angles - including acute, obtuse, and right angles - and connect these ideas 

to the definition of shapes.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.3.G.3.2 Compose, decompose, and transform polygons to make other polygons, 

including concave and convex polygons with three, four, five, six, eight, or ten 

sides.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.3.G.3.3 Build, draw, and analyze two-dimensional shapes from several orientations in 

order to examine and apply congruence and symmetry.  
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Supporting Idea 4: Algebra 

Algebra 

BENCHMARK CODE BENCHMARK 

MA.3.A.4.1 Create, analyze, and represent patterns and relationships using words, variables, 

tables, and graphs.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 5: Geometry and Measurement 

Geometry and Measurement 

BENCHMARK CODE BENCHMARK 

MA.3.G.5.1 Select appropriate units, strategies, and tools to solve problems involving 

perimeter.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.3.G.5.2 Measure objects using fractional parts of linear units such as 1/2, 1/4, and 1/10.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.3.G.5.3 Tell time to the nearest minute and to the nearest quarter hour, and determine 

the amount of time elapsed.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Supporting Idea 6: Number and Operations 

Number and Operations 

BENCHMARK CODE BENCHMARK 

MA.3.A.6.1 Represent, compute, estimate, and solve problems using numbers through 

hundred thousands.  
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Cognitive Complexity/Depth of Knowledge Rating: High 

MA.3.A.6.2 Solve non-routine problems by making a table, chart ,or list and searching for 

patterns.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 7: Data Analysis 

Data Analysis 

BENCHMARK CODE BENCHMARK 

MA.3.S.7.1 Construct and analyze frequency tables, bar graphs, pictographs, and line plots 

from data, including data collected through observations, surveys, and 

experiments.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

GRADE: 4 

 

Big Idea 1: BIG IDEA 1 

Develop quick recall of multiplication facts and related division facts and fluency 

with whole number multiplication. 

BENCHMARK CODE BENCHMARK 

MA.4.A.1.1 Use and describe various models for multiplication in problem-solving situations, 

and demonstrate recall of basic multiplication and related division facts with 

ease. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.A.1.2 Multiply multi-digit whole numbers through four digits fluently, demonstrating 

understanding of the standard algorithm, and checking for reasonableness of 

results, including solving real-world problems.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 
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Big Idea 2: BIG IDEA 2 

Develop an understanding of decimals, including the connection between 

fractions and decimals. 

BENCHMARK CODE BENCHMARK 

MA.4.A.2.1 Use decimals through the thousandths place to name numbers between whole 

numbers. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.4.A.2.2 Describe decimals as an extension of the base-ten number system. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.4.A.2.3 Relate equivalent fractions and decimals with and without models, including 

locations on a number line.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.A.2.4 Compare and order decimals, and estimate fraction and decimal amounts in real-

world problems.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Big Idea 3: BIG IDEA 3 

Develop an understanding of area and determine the area of two-dimensional 

shapes. 

BENCHMARK CODE BENCHMARK 

MA.4.G.3.1 Describe and determine area as the number of same-sized units that cover a 

region in the plane, recognizing that a unit square is the standard unit for 

measuring area.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.G.3.2 Justify the formula for the area of the rectangle "area = base x height".  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.G.3.3 Select and use appropriate units, both customary and metric, strategies, and 

measuring tools to estimate and solve real-world area problems.  
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Supporting Idea 4: Algebra 

Algebra 

BENCHMARK CODE BENCHMARK 

MA.4.A.4.1 Generate algebraic rules and use all four operations to describe patterns, 

including nonnumeric growing or repeating patterns.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.4.A.4.2 Describe mathematics relationships using expressions, equations, and visual 

representations.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.4.A.4.3 Recognize and write algebraic expressions for functions with two operations.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 5: Geometry and Measurement 

Geometry and Measurement 

BENCHMARK CODE BENCHMARK 

MA.4.G.5.1 Classify angles of two-dimensional shapes using benchmark angles (45°, 90°, 

180°, and 360°)  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.4.G.5.2 Identify and describe the results of translations, reflections, and rotations of 45, 

90, 180, 270, and 360 degrees, including figures with line and rotational 

symmetry.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.G.5.3 Identify and build a three-dimensional object from a two-dimensional 

representation of that object and vice versa.  
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Supporting Idea 6: Number and Operations 

Number and Operations 

BENCHMARK CODE BENCHMARK 

MA.4.A.6.1 Use and represent numbers through millions in various contexts, including 

estimation of relative sizes of amounts or distances.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.A.6.2 Use models to represent division as:  

 the inverse of multiplication  

 as partitioning  

 as successive subtraction 

 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.A.6.3 Generate equivalent fractions and simplify fractions.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.A.6.4 Determine factors and multiples for specified whole numbers.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.A.6.5 Relate halves, fourths, tenths, and hundredths to decimals and percents.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.4.A.6.6 Estimate and describe reasonableness of estimates; determine the 

appropriateness of an estimate versus an exact answer.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 
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GRADE: 5 

 

Big Idea 1: BIG IDEA 1 

Develop an understanding of and fluency with division of whole numbers. 

BENCHMARK CODE BENCHMARK 

MA.5.A.1.1 Describe the process of finding quotients involving multi-digit dividends using 

models, place value, properties, and the relationship of division to multiplication.   

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.1.2 Estimate quotients or calculate them mentally depending on the context and 

numbers involved. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.1.3 Interpret solutions to division situations including those with remainders 

depending on the context of the problem. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.5.A.1.4 Divide multi-digit whole numbers fluently, including solving real-world problems, 

demonstrating understanding of the standard algorithm and  checking the 

reasonableness of results.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Big Idea 2: BIG IDEA 2 

Develop an understanding of and fluency with addition and subtraction of 

fractions and decimals. 

BENCHMARK CODE BENCHMARK 

MA.5.A.2.1 Represent addition and subtraction of decimals and fractions with like and unlike 

denominators using models, place value, or properties.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.2.2 Add and subtract fractions and decimals fluently, and verify the reasonableness 

of results, including in problem situations.  
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.2.3 Make reasonable estimates of fraction and decimal sums and differences, and 

use techniques for rounding.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.2.4 Determine the prime factorization of numbers.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Big Idea 3: BIG IDEA 3 

Describe three-dimensional shapes and analyze their properties, including volume 

and surface area. 

BENCHMARK CODE BENCHMARK 

MA.5.G.3.1 Analyze and compare the properties of two-dimensional figures and three-

dimensional solids (polyhedra), including the number of edges, faces, vertices, 

and types of faces.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.5.G.3.2 Describe, define, and determine surface area and volume of prisms by using 

appropriate units and selecting strategies and tools.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 4: Algebra 

Algebra 

BENCHMARK CODE BENCHMARK 

MA.5.A.4.1 Use the properties of equality to solve numerical and real world situations.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.4.2 Construct and describe a graph showing continuous data, such as a graph of a 

quantity that changes over time.  
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Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 5: Geometry and Measurement 

Geometry and Measurement 

BENCHMARK CODE BENCHMARK 

MA.5.G.5.1 Identify and plot ordered pairs on the first quadrant of the coordinate plane.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.5.G.5.2 Compare, contrast, and convert units of measure within the same dimension 

(length, mass, or time) to solve problems.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.G.5.3 Solve problems requiring attention to approximation, selection of appropriate 

measuring tools, and precision of measurement.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.5.G.5.4 Derive and apply formulas for areas of parallelograms, triangles, and trapezoids 

from the area of a rectangle.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 6: Number and Operations 

Number and Operations 

BENCHMARK CODE BENCHMARK 

MA.5.A.6.1 Identify and relate prime and composite numbers, factors, and multiples within 

the context of fractions.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.6.2 Use the order of operations to simplify expressions which include exponents and 

parentheses.  
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.6.3 Describe real-world situations using positive and negative numbers.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.6.4 Compare, order, and graph integers, including integers shown on a number line.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.5.A.6.5 Solve non-routine problems using various strategies including “solving a simpler 

problem” and “guess, check, and revise”.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 7: Data Analysis 

Data Analysis 

BENCHMARK CODE BENCHMARK 

MA.5.S.7.1 Construct and analyze line graphs and double bar graphs.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.5.S.7.2 Differentiate between continuous and discrete data, and determine ways to 

represent those using graphs and diagrams.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

GRADE: 6 

 

Big Idea 1: BIG IDEA 1 

Develop an understanding of and fluency with multiplication and division of 

fractions and decimals. 

BENCHMARK CODE BENCHMARK 

MA.6.A.1.1 Explain and justify procedures for multiplying and dividing fractions and decimals.  
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.A.1.2 Multiply and divide fractions and decimals efficiently. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.6.A.1.3 Solve real-world problems involving multiplication and division of fractions and 

decimals.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Big Idea 2: BIG IDEA 2 

Connect ratio and rates to multiplication and division. 

BENCHMARK CODE BENCHMARK 

MA.6.A.2.1 Use reasoning about multiplication and division to solve ratio and rate problems.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

MA.6.A.2.2 Interpret and compare ratios and rates.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Big Idea 3: BIG IDEA 3 

Write, interpret, and use mathematical expressions and equations. 

BENCHMARK CODE BENCHMARK 

MA.6.A.3.1 Write and evaluate mathematical expressions that correspond to given situations.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.A.3.2 Write, solve, and graph one- and two- step linear equations and inequalities.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.A.3.3 Work backward with two-step function rules to undo expressions.  
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Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.A.3.4 Solve problems given a formula. 

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.A.3.5 Apply the Commutative, Associative, and Distributive Properties to show that two 

expressions are equivalent.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.A.3.6 Construct and analyze tables, graphs, and equations to describe linear functions 

and other simple relations using both common language and algebraic notation.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

Supporting Idea 4: Geometry and Measurement 

Geometry and Measurement 

BENCHMARK CODE BENCHMARK 

MA.6.G.4.1 Understand the concept of Pi, know common estimates of Pi (3.14; 22/7) and use 

these values to estimate and calculate the circumference and the area of circles.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.G.4.2 Find the perimeters and areas of composite two-dimensional figures, including 

non-rectangular figures (such as semicircles) using various strategies.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.G.4.3 Determine a missing dimension of a plane figure or prism given its area or 

volume and some of the dimensions, or determine the area or volume given the 

dimensions.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Supporting Idea 5: Number and Operations 

Number and Operations 
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BENCHMARK CODE BENCHMARK 

MA.6.A.5.1 Use equivalent forms of fractions, decimals, and percents to solve problems.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.A.5.2 Compare and order fractions, decimals, and percents, including finding their 

approximate location on a number line.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

MA.6.A.5.3 Estimate the results of computations with fractions, decimals, and percents, and 

judge the reasonableness of the results.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Moderate 

 

Supporting Idea 6: Data Analysis 

Data Analysis 

BENCHMARK CODE BENCHMARK 

MA.6.S.6.1 Determine the measures of central tendency (mean, median, mode) and 

variability (range) for a given set of data.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: Low 

MA.6.S.6.2 Select and analyze the measures of central tendency or variability to represent, 

describe, analyze, and/or summarize a data set for the purposes of answering 

questions appropriately.  

 

 

Cognitive Complexity/Depth of Knowledge Rating: High 

 

 

This report was generated by CPALMS - www.floridastandards.org 

http://www.floridastandards.org/


Appendix C 

Appendix C 

Pre-Test: Vocabulary Answer Key 

Selected Students’ Responses to Pre-Test: Vocabulary 
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Selected Students’ Responses to Pre-Test: Concepts 

Selected Images of Students’ Origami  

Copy of Worksheet A 

Selected Students’ Responses to Worksheet A 

Copy of Worksheet B 

Selected Students’ Responses to Worksheet B 

Copy of Worksheet C 

Selected Students’ Responses to Worksheet C 

Post-Test: Vocabulary Answer Key 

Selected Students’ Responses to Post-Test: Vocabulary 

Post-Test: Concepts Answer Key 

Selected Students’ Responses to Post-Test: Concepts 
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Worksheet A 

A Triangle is a shape with 3 sides and 3 corners. 

1) Draw and color three different triangles in the space below. 

 

 

 

 

 

 

 

 

 

 

 

2) Circle the triangle 

 

 

 

Count how many of each shape there are below 

3)                                                                             

                                                                                              __________________ 

 

 

 

4)  

 

 

  __________________ 
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A quadrilateral is a shape with 4 sides and 4 corners. 

5) Draw and color three different quadrilaterals. 

 

 

 

 

 

6) Circle the quadrilateral 

 

 

 

A polygon is a flat shape with straight lines and has no openings (it is closed). 

 

 

 

  

 

 

7) Draw and color three different polygons 

 

 

 

8) Circle the polygon 

 

 

This is a polygon. 
It is flat 

It has straight lines 
It is closed 

 

This is NOT a polygon 
It has a curved edge 

This is NOT a polygon 
It is not closed 

It has a an opening 
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A line of symmetry is a line that you can make so that if you fold the image or object it is the 

same on both sides.  It is like a reflection. 

Examples of lines of symmetry: 

 

 

 

 

9) Draw a line of symmetry through the shapes below 

 

 

 

 

 

 

Regular shapes are when all of the sides are equal.  Irregular shapes have some sides that are 

longer than others and some sides that are shorter than other. 

Examples: 

Regular Hexagon       Irregular hexagon 

 

 

 

Regular Pentagon    Irregular Pentagon 

 

 

 

 

 

10) color the regular shapes purple and the irregular shapes red 
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A pair is when you group two objects together that have something in common or are 

similar. 

11) Draw a line between the two shapes that make a pair. 

 

 

 

 

 

 

 

 

 

 

 

When two shapes are congruent they are equal.  This means that they are both the same 

shape and size. 

12) Draw two shapes that are congruent 

 

 

 

 

 

 

 

13) Circle the shapes that are congruent 
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Edges are the sides of a shape.  Vertices are the corners of a shape. 

 

So this triangle has 3 

edges and 3 vertices 

 

 

 

14) How many edges and vertices does the rectangle have?  

      _______________ edges 

 

              ________________ vertices 

 

15) How many edges and vertices does the pentagon have? 

       _______________ edges 

 

  ________________ vertices 

 

A fraction is a part of a whole.  When you write a fraction you write how many parts you 

have over the whole number of parts. 

Examples:                                        1 piece out of the two pieces that make up 

the pizza is pepperoni so,   of the pizza is 

pepperoni 

 

What fraction of the shape below is colored in? 

16)                                                                             

 

 

Edge 

Vertices 
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Worksheet B 

 

A square has 4 sides that are all equal in length.  That means that all the sides are the 

same size. 

 

1) Draw and color a square  

 

 

 

2) Circle the square 

 

 

 

 

A rhombus is like a square turned on its side.  It has four sides that are equal in length. 

3) Draw and color a rhombus 

 

 

 

4) Circle the rhombus 

 

 

 

Count how many of each shape there are below 

5)                                                                             

                                                                                              __________________ 
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6)  

  __________________ 

When you add you bring two or more numbers (or things) together to make a total 

number (or amount of things). 

Example:       2            +          1          =         3 

               +                     =               

 

Do the following addition problems.  Draw pictures if you need to. 

 

7) 5 + 3 = _______________ 

 

 

8) 4 + 2 = ________________ 

When you subtract you take one number away from the other. 

Example:  6          -         2          =    4 

 

        = 

 

Do the following subtraction problems.  Draw pictures if you need to. 

 

9)  5 - 1 = _______________ 

 

 

10)  9 - 3 = ________________ 

 

Edges are the sides of a shape.  Vertices are the corners of a shape. 

 

So this triangle has 3 

edges and 3 vertices 

 

 

Edge 

Vertices 
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11) How many edges and vertices does the rhombus have?  

      _______________ edges 

 

________________ vertices 

 

12) How many edges and vertices does the arrow have? 

          _____________ edges 

 

            ________________ vertices 

Multiplication is grouping numbers in a way that is faster than addition.  Learn your 

multiplication facts! They are important. 

Examples: 2 x 8 = 16         (if you know addition add 2, 8 times: 2+2+2+2+2+2+2+2 =16) 

 

                =  

 

 

Do the following multiplication problems.  Draw pictures if you need to. 

 

13)  1 x 9 = _______________ 

 

14)  5 x 2 = ________________ 

 

 

 

Division is the opposite of multiplication.  Division is much easier when you know your 

multiplication facts. 
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Example: 9 ÷ 3 = 3       ( If you know multiplication:         x 3 = 9 ?) 

 

           =  

 

 

Do the following division problems.  Draw pictures if you need to. 

15)  10 ÷ 5 =_______________ 

 

16)  8 ÷ 2 = __________________ 

 

A line of symmetry is a line that you can make so that if you fold the image or object it is 

the same on both sides.  It is like a reflection. 

Examples of lines of symmetry: 

 

 

 

 

17) Draw a line of symmetry through the shapes below 

 

 

 

 

 

A hexahedron is a 3D (or solid) shape that has 6 sides or faces.  A cube is an example of 

a hexahedron. 

18)  Circle the hexahedron 
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A polyhedron is a closed 3D (or solid) shape that has straight edges. 

 

 

 

 

 

 

 

 

 

 

19)  Circle the polyhedron 

 

 

 

 

 

The area of a square is base x height or the length of the side times the length of another 

side. 

Example: 

       The area of this square is 2 x 2= 4 

 

 

20) What is the area of the square? 

 

           Area = _________________ 

 

 

This is a polyhedron. 
It is 3D (or solid) 

It has straight lines 
It is closed 

 

This is NOT a polyhedron 
It has a curved edge 

This is NOT a polyhedron 
It is flat 

2 

2 

3 

3 
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The area of a triangle is half the area of a square.  The area of a triangle is  x the base x 

the height. 

Example:  2 triangles can make a square so if the area of this square is 2 x 2= 4, then the 

area of the blue triangle is half of that or 4 ÷2= 2. 

 

                Area of blue triangle= 2 x 2 = 4÷2 = 2  

 

21)  What is the area of the triangle? 

 

Area of triangle = _______________ 

 

 

A fraction is a part of a whole.  When you write a fraction you write how many parts you 

have over the whole number of parts. 

Examples:                                        1 piece out of the four pieces that make up 

the pizza is cheese so,   of the pizza is 

cheese 

 

 

What fraction of the shape below is colored in? 

22)                                                                             

 

  

 

 

 

2 

2 

2 

2 

4 

2 
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22) 
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Worksheet C 

A quadrilateral is a shape with 4 sides and 4 corners. 

17) Draw and color three different quadrilaterals. 

 

 

 

 

 

 

 

18) Circle the quadrilateral 

 

 

 

 

 

A trapezoid has four sides.  Two of its sides are parallel. 

 

19) Circle the trapezoid 

 

 

 

 

 

 

 

A pentagon is a closed shape with 5 sides 

 

20) Draw and color two different pentagons 

 

 

 

 

21)  Circle the pentagon 
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A hexagon is a closed shape with 6 sides 

22) Draw and color two different hexagons 

 

 

 

 

23) Circle the hexagon 

 

 

 

 

When you add you bring two or more numbers (or things) together to make a total 

number (or amount of things. 

Example:       1          +          2          =         3 

             +                      =               

 

Do the following addition problems.  Draw pictures if you need to. 

 

24) 2 + 3 = _______________ 

 

 

25) 4 + 1 = ________________ 

When you subtract you take one number away from the other. 

Example:  5           -         3          =    2 

 

        = 

 

Do the following subtraction problems.  Draw pictures if you need to. 

26)  6 - 2 = _______________ 
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27)  3 - 1 = ________________ 

Edges are the sides of a shape.  Vertices are the corners of a shape. 

 

So this triangle has 3 

edges and 3 vertices 

 

 

 

28) How many edges and vertices does the circle have?  

____________ edges 

 

___________ vertices 

 

29) How many edges and vertices does the square have? 

____________ edges 

 

___________ vertices 

 

Multiplication is grouping numbers in a way that is faster than addition.  Learn your 

multiplication facts! They are important. 

Examples: 3 x 5 = 15       (if you know addition, you can add 3, 5 times: 3+3+3+3+3=15)  

 

           =    = 

 

 

 

Vertices 

Edge 
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Do the following multiplication problems.  Draw pictures if you need to. 

 

30)  2 x 4 = _______________ 

  

 

 

31) 3 x 2 = ________________ 

 

Division is the opposite of multiplication.  Division is much easier when you know your 

multiplication facts. 

Example: 10 ÷ 2 = 5       (If you know multiplication:         x 2 = 10 ?) 

 

            =  

 

 

Do the following division problems.  Draw pictures if you need to. 

32)  8 ÷ 2 =_______________ 

 

33)  12 ÷ 4 = __________________ 

 

Answer the following question and make sure that your answer is reasonable.  This 

means make sure that your answer makes sense.  Use the space below to draw pictures or 

show work. 

34)  Tom has 13 toys.  He is trying to move his toys from one room to the other with 

his wagon.  His wagon will hold 3 toys each trip.  How many trips will he have to 

make to bring all of his toys into the other room. 

____________ trips 
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