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Abstract 
Out in the world, there are over a million colorblind developers and a lot              
more that are aspiring developers. Amongst them are colorblind developers          
that are hindered by their color blindness. Hindered in such ways as they do              
not have the confidence to design an application, due to them not being able              
to interpret colors in a similar way as other developers. There is also a fear of                
“can I be colorblind and be a programmer/web designer?”. With these walls            
stopping potential developers from advancing or doing certain things, we          
could lose out on some great developers for the future. In order to tackle this,               
I am creating a tool for colorblind developers to generate color schemes and             
mock color schemes in applications. As well as giving them a tool to look up               
RGB/HEX-values and receive the name of the color matching. 
 
 
  
 

 
   



 

Preface 
I myself is color blind so I know the issue. And I know the fears that exist to leap                   
into web design or general UI-design. I even hesitated to educate myself in this field               
due to my color blindness. But managed to take the leap to do so. And I do not want                   
others to hesitate or to limit themselves due to something they have no control over.               
So rather than the color blindness having control over you, I want you to have               
control over the color blindness. 
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1 Introduction  
Color blindness is an issue that can be difficult to deal with. Especially as a               
developer. So in order to tackle these difficulties an assistance tool will be             
created for colorblind developers.. This is not your everyday colorblind          
assistance tool. But more oriented towards developers than “regular” people. 
This tool is there to help developers reach their full potential and to boost              
their confidence, hopefully giving aspiring developers the push they need to           
go into computer science. The tool that will be created will have the             
functionality to assist when working with colors. It will have the functionality            
to select a color, either from your screen or from a color palette and then               
generate a color scheme based on that color, and thereby give a developer             
colors to work with. 

1.1 Background 
Color blindness is a gene mutation that can affect a person’s ability to see              
colors[1]. It can cause a person’s color seeing abilities to decrease, or not             
exist at all. There are different kinds of color blindness. The most common             
ones are red-green color blindness(a.k.a deuteranopia or protanopia). But         
there is also the rare occasion of people who see no colors whatsoever,             
meaning they will see in black and white. This is called monochromy. 

Studies say that color blindness affects 1 in 12 men(8%) and 1 in 200              
women[2]. And there are sources that say that there are around 20 million             
developers in the world[3]. So without looking at the male-to-female ratio           
amongst developers and if we calculate from the 8 percent number there are             
around 1.6 million developers with some form of color blindness. This equals            
almost 1/10 of all developers. (See figure 1.1) 

 
Figure 1.1: Colorblind developers, 1 in 10. 

 
   



 

 

1.1.1 Color values and identification 

When talking about colors, you refer to either its name, its RGB, or             
HEX-value. These values are used to represent what color it is and also serve              
a purpose as a value to be used when using the color itself. Sometimes one               
value is preferred over the other. Either due to simplicity to work with or in               
some cases using a specific value-type is the only option, e.g a functionality             
that asks for HEX-value input only. In order to produce all these values             
without any predefined methods we might need to convert a color from RGB             
to HEX or vise-versa. And in order to create a complete HEX-value, you             
need to convert each RGB-value into hex. So, for instance having an            
RGB-value that is (255, 182, 122) after converting it to hex it would be (FF,               
B6, 7A), so the HEX would be #FFB67A. And converting it back would             
simply be to reverse the process. 

When converting a color value to a readable name, things get a bit             
trickier. First off you need to compile a data structure that contains all the              
colors you want to match, with their RGB, HEX and name-values. And then             
you take either HEX or RGB input and calculate the distance between the             
inputted value and the values from the data structure. And will thereby get the              
closest matching color. This can be done in various different ways and some             
are more accurate than others. 

1.1.2 Definitions 

Following here will be some definitions of words that are used throughout the 
text that might be important to understand. 

1.1.2.1 UX-Design 
UX-design stands for user experience design. Which means that it is a task 
that handles the continuous improvement of a users experience when using an 
application etc. 

1.1.2.2 Color Scheme 
A color scheme is a set of colors that are supposed to work well together. A                
color scheme usually consists of 3-6 colors, both similar colors and colors on             
the opposite of the “color wheel”.  

  

 
   



 

1.2 Related work 
There has been a lot of research in the field of color blindness and how to                
adapt user interfaces for the likes of color blind people but it has been lacking               
in the field of how to adapt the world for colorblind developers. But this does               
not mean that other work is not interesting, as it touches on the same subject,               
that is color blindness. Below some of the more interesting articles read are             
presented and summarized. 

1.2.1           Now You See It, Now You Don’t 

Now You See It, Now You Don’t is an article that touches on the subject of                
how to design a user interface that is also color blind friendly[10]. The             
interesting part about this article is that it is 17 years old but still relevant.               
The article brings up that certain colors and their hue affects how colorblind             
people acknowledge and see the colors. It also speaks about a tool that is              
designed for developers to be able to design their applications for the            
colorblind, which makes it extra interesting for me, since something similar is            
being done in this project. 

1.2.2           Technique for enabling color blind persons to distinguish 
between various colors 
This article brings up how colorblind people will be able to distinguish one             
color from another[11]. The article touches similar techniques that are used           
today by EnChroma-glasses[12]. Which is a type of glasses that allows           
colorblind people to see colors and distinguish them. So with the help of the              
techniques brought up in the article, a colorblind should be able to decide             
which color is which if they’re adjacent to each other. 

This article refers to an invention of a technique, rather than a            
research paper that includes an analysis and result, so the result is not obvious              
here unless you attempt the technique yourself. It only addresses how to            
perform the technique and what the expected result is, without any presenting            
of the result. 

1.2.3           Accommodating Color Blind Computer Users 
The article Accommodating Color Blind Computer Users brings up on how to            
adjust the colors for colorblind people[13]. It speaks of certain algorithms to            
do this. It brings up algorithms for Computing Target Distance and           

 
   



 

Interpolation. These algorithms are important in my project since algorithms          
will be used in this project in order to determine the color name of a color,                
via calculating the target distance.  

They are successful in their results in such a way that they manage to              
adjust an image so that both a person with normal color vision and a              
colorblind person can see the same image, in the same color. 

1.2.4           Efficient Edge-Services for Colorblind Users 
This short article speaks about an algorithm to adjust images to be accessible             
for colorblind viewers[14]. The way this is done is that the algorithm adjusts             
the saturation and hue so that all the different details are distinguishable for             
the colorblind viewer. In the article, the algorithm is shown and how to             
implement it in code, which makes it easy to use yourself. And the result of               
using the algorithm is also shown in figure 1.2. In the two top images, no               
algorithm has been used. Which for a colorblind person means trouble, since            
you can not see details in the image, you won’t for example, see the road               
clearly. The algorithm is then used for the image and at the bottom images,              
you can see the result. The road and details are now much more clear, even to                
the colorblind person. So the result is clearly shown in these images and there              
is no denying that it works to some extent. 

  
Figure 1.2: Algorithm being used 

  

 
   



 

1.3 Problem formulation 
Working with colors and design whilst being colorblind can and will be an             
obstacle in most cases. When being a colorblind developer there is no optimal             
way for you to properly design an application without limiting your color            
scheme to strongly distinguishable colors. Which will give your application a           
poor graphical design and end up not being very user-friendly. Front-end           
development and UX-design is a field that is frowned upon by colorblind            
developers, simply due to the fear of how to design when you can not see if                
the colors match well together. There is a lack of tools to assist developers in               
these cases. The only tools I’ve managed to find with extensive research is             
old Windows-programs to translate RGB and HEX to a color name and no             
complete assistance tools that are actually useful for developers that are color            
blind. 

Imagine a scenario with a colorblind developer that has been          
developing a mobile application. All the backend is finished and frontend as            
well. The only part that remains is the actual design of the application in              
terms of graphical design. What colors go where, how to match everything            
together. The developer browses around his favorite applications and web          
pages and finds a nice color that he likes, but he/she has no idea what colors                
goes well with that color since the developer is colorblind. Then the            
developer might end up just randomly picking colors which do not work well             
together. If the developer in question had an application that includes a            
eyedropper tool so that he/she can fetch the color that was found and then              
uses that color in the same application to generate a various amount of color              
schemes that all goes well together. And at the same time, the developer can              
read and know which colors the developer is working with. 

The scenario mentioned above presents the problem that can happen          
all the time for colorblind developers. The problem to not be able to work              
with colors due to lacking information about colors due to their color            
blindness. The color blindness hinders the developer from being able to see            
what colors work well together. This is a huge problem for the developer in              
question since he cannot perform his work to full extent if he is not able to                
work with colors. This is the problem that will be solved or atleast tackled. 

  

 
   



 

1.4 Motivation 
As mentioned in 1.1, there are around 20 million developers in the world and              
we calculated that there are around 1.6 million colorblind developers. Which           
means that there is a large number of developers in need of some form of               
assistance or confidence booster when developing and working with colors. 

Color blindness affects people in many different ways. Even in most           
cases the severity of the color blindness is not that high[5], it is more of a                
mental thing. You’ve lost all confidence in working with colors and can            
therefore deny certain career choices[6][7] or other choices in life. By solving            
my defined problem, software engineering shouldn’t be a field to have no            
confidence in as a colorblind person, but the contrary, you should feel            
confident to be able to perform as good as any other developer. No matter              
your “disability”. 

When working with colors and more as specifically as a developer,           
you will need to be able to see which colors match up together and if they                
create some form of disturbance in the design and if so, correct that. For              
example, buttons and background-colors need to be chosen well, since the           
button needs to visible and but still match with the background for a good              
design. If you are colorblind, you will not be able to distinguish what is an               
appropriate color and what is not. Without some assistance tool to help out, it              
will be difficult for the developer.  

There are also a lot of people online worried about going into            
Computer Science or Engineering, this can be seen by a simple google            
search[8]. This shows a lot of forum posts from people that are lacking in              
confidence to pursue their “dream” career. And these are only the people that             
actually do some research and ask questions and read about it. Imagine all the              
people that do not bother to do so. These people in the forum posts are so                
worried that they do not even take the step into applying for education             
towards becoming a developer, more specifically front-end design. 

  

 
   



 

1.5 Objectives 

O1 Select and set up development tools & environments 
O2 Create a Continuous Integration pipeline to compile every        

commit and run tests 
O3 Implement a basic application to use as basis for features 
O4 Implement a function for selecting a pixel on the monitor and           

receiving pixel information. 
O5 Create a data structure of colors and their name, rgb/hex to be            

able to match rgb/hex to color name later. 
O6 Implement a function to convert RGB & HEX to a readable           

color name. 
O7 Implement generation of color scheme of the selected pixel.         

(Present the color scheme) 
O8 Implement mocking of application using generated color       

scheme. (Use the color scheme) 
O9 Gather data via demo & questionnaire 
O10 Collect data from handed out demo & questionnaire 
O11 Implement color palette and generate color scheme of selected         

color 
Table 1.3 Project objectives 

 
By following the objectives in table 1.3, it is expected to achieve a tool for               
colorblind developers to use in their everyday life to assist them when            
designing applications and working with colors in general. This is not a            
magical colorblind solution tool, but rather a tool to make life easier for the              
colorblind developer. And raise confidence in designing applications. 

This tool will be including some basic functionalities for working          
with colors. Such as being able to decipher an RGB and HEX-value into a              
readable color name. Which will help a lot when working with colors, as             
there will also be an eye drop tool, so you can fetch a color from anywhere on                 
your computer and get the name of it. This will be particularly useful if you               
see a color scheme that you think looks good, then you can grab the colors               
and use as your own color scheme. 

1.6 Scope/Limitation  
The focus will be put on the developers for this project, rather than focusing              
on all the colorblind people in the world. The developers have been forgotten             
in the research around color blindness. Whilst normal users have had           

 
   



 

countless of studies and tools to help them for ages. And if all of my focus                
would be put on all the colorblind people, it would not solve my defined              
problem. Which is that developers that are color blind may have issues. 

As goes for my data that will be collected, the sample group will be              
broadened as broad as possible. Although the colorblind developers are a           
very specific group of people so it might be hard to locate them. It is expected                
to at least get a data size of 50. Both from the university and outside. 

1.7 Target group  
My targeted group here is primarily colorblind developers. Which is a group            
of 1 to 2 million people on the whole planet, a rather large group if you look                 
at the fact that they have not received any attention before.  
My tool can be useful for other colorblind people as well but it will contain               
some functionality that is only made for developers, such as mocking of            
applications. Which no “ordinary” person have a need for. 

1.8 Outline  
The rest of the report will contain information about my methodology, which            
will be in chapter 2. Here we’ll go through what methodology that will be              
used to solve my problem and the validity of it, as well as how the process of                 
collecting data will be done. 
After chapter 2 follows the chapter about implementation, which will contain           
information about the implementation that has been made and some          
discussion and analysis about it. Along with some code snippets that might be             
important in order for the reader to understand. 
Then after the implementation, we’ll be going through the results, in which            
data that have been collected from other developers will be presented. And            
then after the data is collected, we’ll be analyzing the data and trying to see if                
we’ve solved the problem or at least tackled it and we’ll go more deeply into               
if we actually solved the problem in the next chapter about the discussion.  

 
   



 

2 Method 
The methodology used for this project is Design Science, which means that            
something that doesn’t already exist will be created. The area of solving the             
problems colorblind developers have is not a well-studied area and there have            
not been a lot of resources if any put into it. So, therefore, Design Science               
will be used since the development process will be exploratory. The design            
will not be pre-defined, but instead made up as the development process            
continues, and then certain road-choices will be taken, for example, if a            
feature will be included in the application or not. It also means there will be a                
need to attempt different algorithms when translating RGB and HEX to a            
color name etc. There is no way to predict the outcome of that and what               
works best and gives the best results, therefore it needs to be tested and see               
what works best before one is decided upon. Testing different algorithms and            
methods to generate color schemes will also need testing. There are already            
existing standards when creating schemes, such as monochromatic,        
analogous, etc. These tests will simply be implementing one variation and           
testing which gives the best performance, which algorithm is the most           
accurate for translation of RGB to readable name. And for color schemes,            
there is no limit to any set amount of schemes, so if I find a new variation of                  
a scheme, it can simply be implemented alongside the others. 

When my personal confidence is high in the artifact created and when            
all the requirements are met, I will verify that it works as I have intended via                
creating a demo of the application and hand it out to developers that are              
colorblind along with a questionnaire to fill out, and will that way see if the               
problem is solved and how much it is solved. This demo and questionnaire             
will be handed out via development forums, such as Reddit, StackOverflow,           
and other similar forums. 

If the results from the questionnaire is good, An assumption will be            
made that the problem solved and will then take feedback from the            
questionnaire and update the application itself accordingly if there are any           
fixes. The results that is being looked for and measuring are the following: 

● Usability of color schemes 
● Quality of color schemes 
● The accuracy of RGB/HEX to color name-conversion 
● Application ease to use 

 
   



 

2.1 Artifact requirements 
These requirements listed below will be the baseline used in-order to           
determine if the artifact is up-to-standard and if it is ready to be released for               
demoing. If any of these requirements are not fulfilled the demo will not be              
ready for end users to test run the application and will not be released as the                
data given from the end users when they fill in the questionnaire will not be               
valid if the application is not up-to-standard. 

● The artifact should be able to be run on Windows, Linux, and Mac. 
● The artifact should be able to translate RGB and HEX to a readable             

color name, such as red, blue, dark green, etc. 
● The artifact should be able to take color as input and generate various             

color schemes based on that color. 
● The artifact should allow the user to select a color from a gradient tool              

and receive valid color information about selected color. (RGB, HEX,          
name) 

● The artifact should include an eyedropper-tool which allows the user          
to select any pixel of their primary monitor and receive valid color            
information about selected color. 

2.2 Questionnaire 
The questionnaire will be a google questionnaire that will be handed out            
alongside the demo. The questionnaire will include questions that will help           
me determine and “read” the quality of the artifact produced. The           
questionnaire will include a description of the problem and then questions to            
verify if the artifacts produced results solve the problem. These questions will            
be pertaining to the quality of conversion algorithms used for RGB/HEX to            
color name, if the color schemes are usable and if the color schemes are of a                
high standard. 

2.3 Reliability and Validity  
There will be an issue with reliability with the way that data is collected since               
user input will be collected rather than mathematical data. And so the result             
could vary if someone else would perform the same methodology and create            
the same application. The reasoning for this is since a huge factor in deciding              
whether or not the application is successful is if it is easy to use and produces                
accurate results. The results are measurable and you can verify that it does             

 
   



 

something correctly, for example, translation of RGB to color name. This can            
easily be identified by a human if it works as intended. But its ease to use is                 
subjective and will differ from person to person on preference and what kind             
of applications they prefer. 

This does not mean that there is a problem with the methodology or             
what type of data collection method that is being used. Since there are no              
metrics being produced and collected, the most accurate way to collect data is             
to get input from the target group itself, the colorblind developers. 

As goes for the validity of the data collection methods, the data will             
be valid and accurate as goes for the target group. Since colorblind            
developers are the targeted users of the application and therefore can provide            
the most valid and accurate data. But again, since we’re talking about            
subjective opinions, the results can vary depending on which developers that           
answer the questionnaire. Some might be skeptical whilst others will be           
positive towards the idea and implementation. So in order to draw           
conclusions from my data, the results have to be convincing, meaning that the             
data is either very positive or very negative. If the end users input towards the               
questionnaire is balanced throughout negative and positive, no conclusions         
can be drawn. 

2.4 Ethical Considerations  
Since data will be collected through surveys, it is very important that people's             
integrity is considered. And therefore will not include names, emails or any            
other personal information that might be sensitive. The surveys will be           
collected anonymously. The only close to personal information that will be           
collected is the country that the person coming from. And what type of color              
blindness the person has. 

There will also not be any data collected from my application itself,            
there will be no logging of any kind. So the usage of my application is               
anonymous as well. 
 
 
 

 
   



 

3 Implementation 
The application that has been developed is an assistance tool with the sole             
purpose to assist colorblind developers that are working with colors in their            
daily life. The implementation of the application contains functionality for: 

● Using an eyedropper tool to grab colors from your primary monitor. 
● A gradient color palette which produces RGB, HEX and a readable           

color name. 
● Direct translation from RGB and HEX to a readable color name. 
● Generation of usable color schemes based on entry color. 
● Previewing generated color scheme in a sample application 

3.1 Programming language and platform 
The programming language used for this implementation is Java. The          
reasoning behind why Java has been chosen for the implementation language           
is because it will work over many operating systems, rather than the            
operating system that was used for the creation of the implementation. 

Many developers prefer to use Linux or Mac over Windows, while           
this application was implemented on Windows since it uses Java it will work             
the same way on both Linux and Mac. Which means that it will be able to                
reach a broader audience and does not need a different set of implementations             
over the different operating systems. 

JavaFX has been used for the entirety of the design. This will ensure             
that the application will appear the same on operating systems and screen            
resolutions and that the functionality will remain the same as well, that the             
objects will be the same throughout operating systems as well. 

3.1.1 Platform 
The platform used for the implementation is a computer. The main reason            
behind this was that the programming takes place on the computer, so it will              
be the tool of choice for the developer. Even though using a phone would              
also be possible for this type of application, using a computer will be faster if               
you’re using it often and there won’t be the hassle of unlocking your phone              
and booting the application every time you need to use it. 

Also, if implementation would have been made for a mobile device           
instead, there would be complications with operating systems. Since Android          
applications are not compatible with iOS and Windows phones. Which means           

 
   



 

that either a) The application would be limited to a certain audience or b) Or               
there would have to be multiple implementations of the same application,           
over different operating systems and languages. This is not an optimal way to             
do it, so therefore a computer is the best platform. 

3.2 Main functionality 
It was mentioned briefly above what the main functionality implemented          
was. We’ll be going a little deeper into seeing what each function does and              
how it is implemented. 

3.2.1 Eye dropper 
The first functionality mentioned and implemented was the eyedropper tool.          
And what that means is that there is functionality to use an eyedropper to              
receive color information about any pixel that is clicked upon on your            
primary monitor. 

The first thing that is done when a user wishes to grab a color is that                
the application takes a screenshot of the current monitor relative to its size             
and returns an image of the screenshot, code 3.1 shows how this is done.              
After the screenshot is taken the user's cursor position is taken and that is              
then used to retrieve the pixel of the image, aka the monitor of the user. The                
pixel is then turned into a color-object as shown in the snippet in code 3.2.               
When this is done, we have our color-object to work with as an entry point               
for other calculations and algorithms to get different values. 
public static BufferedImage takeSS() throws HeadlessException, 
AWTException { 

BufferedImage image = null; 
image = new Robot().createScreenCapture(new 

Rectangle(Toolkit.getDefaultToolkit().getScreenSize())); 

return image; 
} 

Code 3.1: Taking a screenshot 
public static Color getPixelValue(BufferedImage img, int x, int y) 
{ 

Color color = new Color(img.getRGB(x, y), true); 
return color; 
} 

Code 3.2: Retrieving Color-object from image 

 
   



 

3.2.2 Gradient color palette 

The gradient color palette is an important function in the application. This is             
what the user will primarily use when selecting a color for their color scheme              
generation. The color palette itself is a tool included with a library called             
JFoenix[15]. The tool is called color picker and comes with its own design             
and functionality to generate RGB and HEX-values, as shown in figure 3.3.            
An event listener is added to the color picker so that when the value changes               
code is executed and the value is taken and color info is generated, along with               
a color name. 

 
Figure 3.3: JFoenix Color Picker 

3.2.3 Translating RGB & HEX to color name 
Translating RGB & HEX to a readable color name is something that is used              
multiple times throughout the implementation of the other functionality.         
Which makes it probably the most important function in the entire           
application. The way it works is that it takes RGB as input and matches it               
against JSON-data which includes a list of known colors and their           
RGB-values and it takes the closest matching color to the user's input. It             
iterates over all the colors from the JSON and calculates a distance between             
the inputted RGB and the RGB of the JSON-color. If the distance of the next               
color in the list is shorter than the previous, it replaces the previous one. It               
then iterates like this and does this over and over until all colors have been               
calculated and matched and what remains is the “closest color”, as seen in the              
snippet in code 3.4. 

 
   



 

This function is used in multiple places so reading from the JSON            
each time would not be practical and would require unnecessary          
performance, and therefore the JSON-file is read once on-load of the           
application. As the JSON-file is a static file, it is not required to be read               
dynamically. 
 
public static ColorData rgbToColorName(int r, int g, int b) { 

int rgbDistance = 0; 
int prevClosest = 999; 
ColorData closestColor = null; 
for (ColorData color : colors) { 

ArrayList<Integer> colorRGB = color.getRgb(); 

rgbDistance = Math.abs(r - colorRGB.get(0)) + 
Math.abs(g - colorRGB.get(1)) + Math.abs(b - colorRGB.get(2)); 

if (prevClosest > rgbDistance) { 
closestColor = color; 

prevClosest = rgbDistance; 

} 

} 

return closestColor; 
} 

Code 3.4: Translating RGB to a color name. 

3.2.4 Generation of color schemes 

The generation of color schemes is a function that can easily be extended             
with more generation algorithms. The function takes RGB as input, which is            
the RGB generated by either the eyedropper or the color picker. 

The user gets to decide which type of scheme that should be            
generated. This is done via a drop-down list with choices for e.g brightness or              
saturation. After the scheme has been generated by the algorithm, it stores the             
colors included in the scheme in an array of colors that will then be used to                
display the colors to the user via color boxes as well as provide the user with                
information about their color scheme.  

3.2.5 Previewing the color scheme 

A feature that is nice to have is previewing the color scheme in an              
application. That way you can see the colors match with each other in an              
actual flow, rather than just presenting them side-by-side. 

This is a feature that is included in the implementation. After you            

 
   



 

have generated a color scheme, you can click a button to preview the scheme              
in a mock application. This is shown in figure 3.6. 

 
Figure 3.5: Fake application to preview color scheme  

 
   



 

3.3 The application design 
One thing that is important when it comes to applications is the design of the               
application, what colors should be used, should it be a bright or dark             
application. The implementation uses the latter, a dark design, this is because            
that way there is no need to think about if people find the application difficult               
to look at or not. Since it uses simple colors and not hard to look at ones. 

The implementation is designed to be simple to use, so it is a single              
page application with two tabs, rather than multiple windows. The layout of            
the application is that on the entry-page, the “home”-page, the eyedropper           
tool is presented, as this might be something that you wanna use right away,              
for example, if you see a color you wish to know more about and you want it                 
fast, it is accessible right away. 

The header has been custom made with its own close and minimize            
buttons. This is to keep the design exactly the same over multiple operating             
systems, rather than using the operating system standard. 

On the left-hand side, there is a tab-selection bar, as seen in figure 3.7.              
You can switch back and forth however you want. If you switch from the              
“home”-tab to the “schemes”-tab it automatically brings the selected color          
along and generates a scheme from it. In the schemes tab, there is both the               
color palette and the generation of schemes, as well as the previewing of the              
scheme. This is made so that most of the functionality is accessible from a              
single page. 

 
Figure 3.6: Home page of the application 

 
   



 

4 Results 
This section will contain the results of the questionnaire. The data presented            
will then be used to deem the quality of the application and if it would solve                
the presented problem. 

The questionnaire was a Google Form that was spread along with a            
demo of the application produced. The questionnaire and demo were shared           
throughout developers forums, but primarily through Reddit, as that was the           
easiest way to reach the largest amount of audience. The demo was shared via              
a pre-compiled JAR-file as well as the source code for the people that wanted              
to compile it themselves, in case they did not trust pre-compiled code. 

The questionnaire and the demo received 21 part-takers which tried          
out the demo application and then took the questionnaire to express their            
feelings about the application they just tested. 

All the part-takers in the questionnaire in the demo were developers           
of some kind. This was checked via an intro-question what type of current             
occupation the person has. As well as the questionnaire explicitly stating that            
it is for colorblind developers only. 

4.1 Context 
The data collected includes questions with a 1-5 rating, with 1 being the             
worst and 5 being the most positive answer to the question. This was used to               
be able to determine the outcome of the question and the result. There is also               
data with a multi-choice option, for example, which part of the tool was the              
most and the least useful. 

All these variations will be presented with diagrams, primarily pie          
chart diagrams as these are the easiest to analyze and make conclusions from. 

4.2 Presenting the results 
The results of the data collection will now be presented. Each part will             
contain a chart and a description of the results in the text to serve as               
assistance when interpreting the diagrams.  

  

 
   



 

4.2.1 Type of color vision deficiency 
One of the first questions on the questionnaire was which type of color vision              
deficiency the person taking the questionnaire had. The options given were,           
red/green and blue/yellow, as these are the most common ones. 

The result of this question can be seen in figure 4.1. 

 
Figure 4.1: What type of color vision deficiency do you have?-results 

4.2.2 Usage of previous assistance tools for color blindness 
One thing that was also important to check was if the participants have             
previously used any assistance tools to help them with their color vision            
deficiency. 

These results can be seen in figure 4.2. 

 
Figure 4.2: Have you tried previous tools in the past to assist you when 

working with colors?-results  

 
   



 

4.2.3 Previous problems with development due to the participants color 
vision deficiency 
The next question in the questionnaire touches on if the participant has had             
any previous problems with development due to their color vision deficiency. 

The results of this question can be seen in figure 4.3. 

 
Figure 4.3: Have you encountered problems when working with development 

in the past due to your color vision deficiency?-results 

4.2.4 Usefulness of the tool 
The next question is the first question that touches on the application and             
demo itself and not just the participant. The question is if the participant             
found the application useful. This question had answers scaling from 1-5,           
with 1 being negative and 5 positives. 

The results of this question can be seen in figure 4.4. 

 
Figure 4.4: Did you find the tool useful?-results  

 
   



 

4.2.5 Complementary effect of the tool 
The next question asks the participant if the tool was complementary for            
his/her color vision deficiency. This question is perhaps one of the most            
important questions in the questionnaire. 

The results of this can question can be seen in figure 4.5. 

 
Figure 4.5: Was the tool complementary for your color vision 

deficiency?-results 

4.2.6 Usefulness and quality of color schemes generated 
The next question asks the participant if the color schemes that were            
generated by the tool was useful and of good quality. 

The results of this question can be seen in figure 4.6. 

 
Figure 4.6: Was the color schemes generated useful and of expected 

quality?-results  

 
   



 

4.2.7 Ease to use 
The next question asks the participant if the application was easy to use. This              
question is important because if the application is not easy to use, it won’t be               
used. 

The results of this question can be seen in figure 4.7. 

 
Figure 4.7: Did you find the application easy to use?-results 

4.2.8 Most useful feature 
The next question asks the participant which feature of the tool the participant             
found the most useful. This question includes a single-choice option with           
multiple choices. 

The results of this question can be seen in figure 4.8. 

 

Figure 4.8: Which feature of the tool did you find the most useful?-results  

 
   



 

4.2.9 Least useful feature 

The next question is the opposite of the previous question. Meaning that it             
asks about the least useful feature of the tool, rather than the most useful. 

The results of this question can be seen in figure 4.9. 

 
Figure 4.9: Which feature of the tool did you find the least useful?-results 

4.2.10 Recommending the tool to others 
The final question in the questionnaire is if the participant would recommend            
the tool to other colorblind developers. 

The results of this final question can be seen in figure 4.10. 

 
Figure 4.10: Would you recommend this tool to other colorblind 

developers?-results  

 
   



 

5 Analysis 
This section will contain an analysis of the results from chapter 4. Each part              
of the results have been looked at and the analysis will be presented for each               
part here. 

5.1 Question analysis 

5.1.1 Type of color vision deficiency 
One of the first questions that participants had to answer was which type of              
color vision deficiency they have. This question is important for the results as             
it shows if the tool is complimentary for all types of color blindness or just               
one. 

The results as seen in figure 4.1 show that all the participants that took              
part in the questionnaire and demo have red/green vision deficiency. These           
results were expected as the blue/yellow-color blindness is extremely rare so           
the odds of someone out of 21 participants having that color blindness was             
extremely low. 

5.1.2 Usage of previous assistance tools for color blindness 

This part of the results asks the participant if the participant has used any              
tools in the past for the sole purpose of assisting him/her with color vision. 

The results can be seen in figure 4.2 and it shows a varied result with               
a 62% vs 38%. This means that the majority of the people that took the               
questionnaire have not used any tools in the past to assist them with their              
color vision deficiency. 

5.1.3 Previous problems with development due to the participants color 
vision deficiency 
This part of the results checks if the participant has encountered previous            
problems with development due to his/her color vision deficiency. 

The results as seen in figure 4.3 are very convincing of a 90.5% to              
9.5%. Which means that the vast majority of participants have had some            
problems when working with development due to their color vision          
deficiency. This was expected as most developers have at least touched upon            
some type of application design during their time, and with that comes colors             
and design, which means trouble for the colorblind developer. 

 
   



 

5.1.4 Usefulness of the tool 

The next part of the results is the first part that is directly connected to the                
application and demo itself. It checks if the participant found the tool useful. 

The results can be seen in figure 4.4. More than 52.4% strongly agree             
with that the tool is useful, and 33.3% partially agree. And the remaining             
14.3% are neutral about it. Which means that the majority find the tool useful              
to some extent. Which is positive, since that means that the tool serves a              
purpose. 

5.1.5 Complementary effect of the tool 

This question checks if the tool was complementary for the participants color            
vision deficiency. Meaning if the tool assisted the participant in solving           
problems arisen by the participants color blindness. 

The results seen in figure 4.5 is similar to the results in 4.4. With              
almost exactly the same percentages. The reason behind this might be that the             
questions are similar in that both ask about “usefulness” in one way or             
another. Since the participants are colorblind developers trying an assistance          
tool, if the tool is useful, it has to be complementary for their color blindness               
as well, since otherwise, it wouldn’t be useful for its purpose. 

5.1.6 Usefulness and quality of color schemes generated 

The next question was more focused on a particular feature of the tool, the              
color scheme generation. The question asks if the color schemes that was            
generated was useful and of quality. 

The results shown in figure 4.6 are very varying. About 50% of the             
participants thought that the color schemes generated were of quality and           
useful and the other 50% was either neutral about it or partially disagreed.             
This means that the color schemes generated can be improved as not            
everyone found them useful. The reason behind this is most likely due to not              
enough variation in the color schemes and that there is no randomness. This             
assumption is made due to an extra field that was added, which can be seen in                
Appendix 1.  

 
   



 

5.1.7 Ease to use 

This part checks if the application is easy to use. Meaning that if the              
functionality is easily accessed and if it doesn’t require any previous           
knowledge of the tool beforehand. 

The results shown in figure 4.7 shows an almost 50/50 result between            
either partially agree and strongly agree. This means that the application is            
easy to use but there could be some improvements. Some participants asked            
for a hotkey or a way to use the grab function from the tray, which might be                 
why the results are some partially agreed while some strongly. 

5.1.8 Most useful feature 

This part asks the participant which feature the participant found the most use             
out of the functionality of the tool. 

The results shown in figure 4.8 shows that the majority of the            
participants found the eyedropper tool (GRAB-function) the most useful,         
with a convincing 66.7%. The second in line is the RGB/HEX to color name              
with 23.8%. And the third in line is the generation of color schemes with a               
selection rate of 9.5%. These three were all the ones selected, meaning that             
no one found the gradient color palette the most useful. This might be due to               
the fact that the color palette is easily available in other tools and places. 

5.1.9 Least useful feature 

This part is the opposite of the previous part, it asks the participant which part               
of the tool the participant found the least useful. 

The results shown in figure 4.9 includes only two of the four options,             
the two included are gradient color palette and generation of color scheme,            
with gradient color palette in the majority with double the percentage of the             
generation of color schemes. The results show 66.7% vs 33.3%. This means            
that the color palette wasn’t of much use as a standalone feature, but it still               
had to be included to it being used for RGB/HEX to color name as well as the                 
color scheme generation. And the generation of the color scheme might be            
the participants that were unhappy with the generated color schemes that           
found it the least useful.  

 
   



 

 

5.1.10 Recommending the tools to others 

The last part from the results is whether or not the participant would             
recommend the created tool to other colorblind developers. 

The results shown in figure 4.10 shows that the vast majority will            
recommend it to other colorblind developers and 23.8% chose maybe as their            
option. And the remaining 4.8% took no as their answer. This means that the              
majority will recommend this to other colorblind developers which seems          
hopeful. 

5.2 Analysis summary 
The summary of the analysis is that the majority of the participants found the              
tool useful and of expected quality. And the results also show which feature             
is the most liked and the least liked which gives information on what to              
improve upon. 

The results might be biased due to the fact that only people that did              
find the application useful might’ve taken the questionnaire. As the people           
who disliked it might’ve just discarded it and not bother to give feedback.  

 
   



 

6 Discussion  
Here in this section, the results that have been gathered will be summarized             
and discussed along with the analysis of the results. We will also be going              
through if the problem has been answered and the produced artifact is of use. 

The objective was to “create an artifact that can be used by            
developers with any kind of color vision deficiency, that would support           
them and be complementary to their ability to design user interfaces”. From            
this objective an artifact was created, an assistance tool with functionalities           
that can be used when working with colors and user interface design. 

If we look at the results, we can clearly see that the artifact produced              
have been complementary and solved the problem to an extensive degree.           
The data that was gathered was heavily positive with a few hiccups and             
things that could be improved upon. Although there are many aspects to look             
at when you talk about color blindness and all the problems that come with it.               
There is no perfect solution, no silver bullet that can tackle it fully. But it is                
safe to say that the artifact created have made a dent in the problem that is                
color blindness. Which means that this “experiment” or conduct was          
successful if you look at the results. If improved upon and if the artifact is               
later then improved upon, the progress towards helping programmers with a           
color vision deficiency would be even bigger than it is now. As there were              
some parts that the demo-participants found was lacking. The color scheme           
generation, for example, this might be due to the other functionalities           
overshining the color scheme generation or the generation is simply lacking           
and needs improvement. Since if you have a choice of four functions and you              
need to pick the best one, if one is “better” than the other, it is only logical                 
that it will overshine the other functionalities, as one has to be better than the               
other. 

 
 

 
   



 

7 Conclusion  
The conclusion of all of this that has been done in the project is that the                
problem that was defined has been solved to some degree. The research that             
has been done shows that even colorblind developers need attention and that            
there is a real problem that exists. It also shows that user-interface design for              
colorblind developers isn’t something that can’t be touched, but instead is           
very much fixable with the appropriate tools and functionality, meaning that           
aspiring and current developers do not need to have decreased confidence in            
themselves and their ability to be able to design applications user interfaces. 

The process to determine this is not without its flaws. There are things             
that could have been done differently, focus that could have been put            
elsewhere. A couple of things that could have been done differently to            
improve the results are to put more focus on the color scheme generation, as              
the results show that it is not one of the most positive functions that the               
artifact includes. The most positive function appeared to be the color           
translation into readable names, which might not be the most ideally usable            
function for colorblind developers. 

The gathering of results is one thing that comes to mind when            
thinking of improvement. When gathering the results, the demo of the           
application and a questionnaire was shared. This was done in an appropriate            
way and a lot of people was reached, but getting the people to take the               
questionnaire and try out the demo was a difficult task. And in order to              
improve upon this and the sample group, real-life conducting of the gathering            
would most likely have received a greater yield of results and answers to the              
questionnaire, as currently, the sample group is only 21 participants. 

7.1 Future work 
For future work, there are a lot of things that could be done, that I wish to be                  
done. For example, the generation of color schemes could be heavily           
expanded to include more types of color schemes, as currently it only            
includes three, but could instead be expanded to support multiple types of            
schemes for more variation. As well as randomizing color schemes perhaps,           
so the same type of color scheme generation does not always give the same              
results. 

Another future improvement that could be done that would benefit the           
artifact is the improvement of the preview of the color scheme. As currently,             

 
   



 

it includes flat effects and simple design, which doesn’t make it resemble a             
real-life application as much, but rather the only thing it is, a preview.             
Making it more like a real-life application would give the end user a more              
clear and an easier way to determine if the color scheme produced is of good               
use. 
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A Appendix 1 
Link to raw spreadsheet data: 
https://docs.google.com/spreadsheets/d/12Itb9iM91Gr7RdpD8Bau1uyk-DK
HTADAtAIqZB_xd0c/edit?usp=sharing 
 
Link to source code: 
https://github.com/Manzey/bachelor-thesis-cs 
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