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Figure

Abstract


The term colorblindness is often misused. The term Color deficiency is more appropriate. Many people do not realize that one who suffers from most types of the deficiency actually can see color.  They just simply do not see true colors. There are a few different types of colorblindness and it is important for high school age visual art students to know about them in order to meet artistic demands of every individual. Some students may not know it, but they too may experience the deficiency in milder forms. This research project tested students for the deficiency and also taught them (through technology) how those who experience the problem view the world and can learn to cope with everyday life.
Introduction

Statement of the Problem

The purpose of this study was to broaden student understanding of the conditions known as color deficiencies and to expand student knowledge on how to design for individuals with this disorder. Observing the enlightenment of the students while studying them was also  monitored to measure interests in the topic. It was also important to test the students for color vision problems and expose them to coping mechanisims used by individuals with the disorder. 

Review of Literature 
Midnight Blue, Lavender, Aquamarine: Since 1903, Crayola crayons—with their crowd pleasing names and hundreds of hues—have introduced generations of American children to the beauty of the multiple colors. The public was very surprised when Crayola's senior crayon maker, Emerson Moser, who molded a record-breaking 1.4 billion crayons in his 37-year career, announced upon his retirement that he was actually color blind (Gilmore, 2008). How did he manage this career with such a disadvantage?
Despite what most believe, color blindness is not rare or a debilitating disorder. In fact, color vision deficiency affects approximately 8% of boys and 0.5% of girls, or about 1 in every 25 children (Stephens, n.d.). Most persons who experience the deficiency go on to lead  very normal lives. Persons who experience color deficiencies  simply see colors much differently than a trichromat or a person  otherwise known to have normal color vision. Those who experience color differently  than the trichromat may have protanomaly  or Deuteranomaly that  will cause them not to be able to decipher shades of red and green. There is also a condition known as Tritanomaly  that causes the affected to not be able to decipher shades of blue or yellow (Lambert, n.d.) .Those who experience Achromatopsia  are extremely rare and typically see things in shades of gray (Stephens, n.d.). 
All of these defieciencies are caused within our eye retina of which contains rods and cones that help us see objects in different colors and varying degrees of brightness. The cones contain light sensitive pigments that are particular to range of wavelengths. There are three different types of cones: blue, green , and  red . When there are deficiencies in these cones, the cones are not able to distinguish the particular wavelengths and thus causes color blindness. Color blindness is mostly hereditary and thus it is usually transferred at birth. Damage to the retina from eye diseases or physical damage can  also lead to color blindness (Eye, 2006). Recently, scientists have discovered a way to bring color vision to color blind monkeys. The technique could someday be used on people with colorblindness or other vision problems (Hamilton, 2009).
 Although not debilitating, there are some disadvantages for the color blind and the lack of seeing a range of colors. This may cause the individual to have a hard time seeing traffic lights and seeing logos when shopping  (Kaufman, n.d.).  There are also disadvantages for color blind students in art classes. Many of them cannot accomplish some of the art assignments related to the study of color interactions and relationships. Typically this topic is not  addressed in art education  methods classes. Some art students will go on to design visual imagery for communication through contemporary technology such as computer monitors, cell phones, and digital cameras. Website designers particularly need information about color vision to create effective designs for all individuals who may view them. It would greatly aid visual art students to Learn more about human variability of human color perception. This will in turn enable students to be better designers for future careers.
Statement of Hypothesis 
From John Dalton, the father of color blindness research, coping and understanding of the topic of has come a very long way over the decades (Colbinder, 2006). Although, scientist believe they have found a cure for colorblindness, it is highly likely that it will take years for this technology to be used on humans (Hamilton, 2009). This increases the importance of teaching our visual art students to design for and understand the conditions of colorblind individuals. It is hypothesized that all visual art students who are tested for color blindness and learn about color deficiencies are more likely to become better artists and designers for the general public than those who are not aware of the deficiencies. 
Method
Participants


The sample for this study involved 50-60 students ranging in race, sex and ages [14-19] who were enrolled in Art I and II classes at rural public high school in Newton Grove, North Carolina. The Population was approximately 30% Hispanic, 30% African American and 40% Caucasian. Students participating in the study chose to do so and were selected due to their enrollment in the Art I and II classes in the Fall of 2009. Two adult volunteers [Dr. Warren and Jamie Butler] outside of the school system were also implemented for research through interviews and their input that was related to the topic.
Instrument

This research project used multiple instruments of understanding. Interviews were done on the town optometrist [Dr. Warren] and a known red/green colorblind individual [Jamie Warren]. This instrument was used to educate the researcher about the topic when related to real world situations before proceeding with the research project. Upon parental and individual consent, students enrolled in the Art I and II classes were discreetly tested for colorblindness using the testing cards within the “Color Vision Testing Made Easy” kit created by Dr. Terrace L. Waggoner (Waggoner,  2004). The students were also observed while creating a computer based art project demonstrating the characteristics of color blindness to monitor their understanding of the conditions.
Experimental Design  

A qualitative research design was  used when the principal investigator conducted  interviews on Dr. Warren and Jaime Butler.  The results of this qualitative study helped the investigator understand the experience of color blind students in art classes and be better prepared to develop instruction for these students. This form of research was also used when observing the reactions of the students while completing the computer based project.  

However, quantitative research design was used when the principal investigator conducted the color blindness test with the students in the controlled environment.
Procedure

 As a foundation for the research project ,the  interviews  were conducted first to give  the principal investigator further insight into the color blindness deficiencies. The Interviewees were  asked to sign consent forms before engaging in the informational interviews. 

Upon completion of the interviews the principal investigator briefed the students on the Art 6898 class requirements . It then became priority to inform the students of what was being researched and educate them on the different types of color blindness and the facts surrounding the disorder. It was stressed that understanding these various differences in the human visual system is  not something that would hinder students from having very normal creative life. Understanding this aspect of visual perception enhanced student understanding of vision and how it affects art and design. After the information was addressed, students  were sent home with consent forms that described the elements of the study. No student was  allowed to be tested unless they had the permission form returned by a certain date. 


When all forms were  turned in and complete, It became priority to  conduct the color blindness test with the students using an online testing site (Waggoner, 2004) . Students were made aware that due to different color settings on computer monitors , the results may not be accurate so if  anything becomes questionable, the student must be evaluated by a professional. The "Color Vision Testing Made Easy"® test by  Dr. Terrance Waggoner was used for color blindness testing (Waggoner, 2004). Students were then shown the individual cards on the computer screen and were asked to answer the questions on a worksheet. No results were revealed at this time.


Upon reviewing the results, The Principle investigator began to inform students and parents about my findings, brief them on the options and allow them to handle the situations in a manner that they saw fit. The Principal Investigator also began the computer lesson demonstrating the way a color blind person may see the world. All students created a simple image using a paint program on a computer in the lab  and they then saved the file. From this, The students uploaded the image into the color blindness simulator (Vischeck, n.d. ). The  students obtained  a better understanding of how colorblind individuals actually see things much differently than a person with normal vision. The students also learned  how important it is as a designer to use “universal design” (designing for all individuals regardless of vision deficiency) when creating .
Results

Discussion
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