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SUMMARY

In the era of data-driven decision-making, data visualizations play a pivotal role in conveying complex
information to a broad audience. However, the accessibility of these visualizations, particularly for
individuals with color vision deficiency (CVD), remains a critical concern. The hypothesis of this research
paper is that the choice of colors in data visualizations significantly affects their accessibility to individuals
with color vision deficiency (CVD), particularly those with red-green colorblindness.

The conventional guideline of avoiding red and green in data visualization originates from the high
prevalence of red-green colorblindness, impacting around 8% of men and 0.5% of women, posing
challenges for data differentiation. Beyond red and green, we explore the potential issues arising from
color combinations like red/green/brown/orange and blue/purple. We hypothesize that implementing
colorblind-friendly palettes, such as Maureen Stone's design, can significantly improve accessibility,
enhancing data point and pattern differentiation. When red and green must be used, we propose that
varying color values (light vs. dark) can alleviate accessibility problems. Additionally, we posit that
alternative data distinction methods, such as icons, labels, and user-selectable colorblind-friendly
palettes, can enhance data interpretation without exclusive reliance on color cues. (5)

Figure above shows howusing the colors red and green together can be a big problem for some people



INTRODUCTION

Data visualization is an indispensable tool in modern information communication, enabling the concise
representation of complex datasets. These visualizations empower decision-makers, analysts, and the
general public to derive insights, patterns, and trends from vast amounts of information. However, the
effectiveness of data visualization relies heavily on the choice of colors employed to convey information,
and this seemingly aesthetic decision can have significant repercussions for accessibility. In this research
paper, we delve into the critical interplay between color choice and data visualization accessibility, with a
specific focus on individuals with color vision deficiency (CVD). (7)

The problem at the heart of this study revolves around the challenges faced by individuals with color
vision deficiency, particularly those with red-green colorblindness. Approximately 8% of men and 0.5% of
women are afflicted by this condition, rendering the discrimination between red and green hues
problematic. The conventional data visualization rule of "not using red and green together" has been
advocated as a means to address this issue. However, the extent of its applicability and the presence of
alternative color combinations that may pose similar challenges remain underexplored.

Statement of the Problem: The central problem addressed in this research is the following: How do color
choices in data visualizations affect accessibility for individuals with color vision deficiency, especially
those with red-green colorblindness? Furthermore, what are the implications of this issue for data
visualization practitioners, designers, and users?



Our research is guided by the following hypotheses: The conventional wisdom of avoiding red and green
together in visualizations is rooted in the prevalence of red-green colorblindness. We hypothesize that
this color combination poses challenges for individuals with CVD in distinguishing data points. Beyond
red and green, we posit that other color combinations, including red/green/brown/orange and blue/purple,
may also present challenges for individuals with CVD. These combinations may lead to similar
perceptual issues, warranting investigation. We hypothesize that colorblind-friendly color palettes can
significantly enhance the accessibility of data visualizations for individuals with CVD. These palettes are
expected to improve the ability to differentiate data points and patterns within visualizations.(5)

In cases where red and green must be used together, we propose that incorporating variations in color
values (light vs. dark) can mitigate some of the accessibility issues associated with red-green
combinations. This approach is anticipated to make it easier for individuals with CVD to distinguish
between these colors. Additionally, we posit that providing alternate methods of data distinction, such as
icons, directional arrows, labels, annotations, or user-selectable colorblind-friendly palettes, can further
enhance the accessibility of visualizations for individuals with CVD. These methods are expected to
improve the interpretability of data without relying solely on color cues. This research aims to investigate
these hypotheses and contribute to the development of best practices for designing inclusive and
colorblind-friendly data visualizations, ultimately ensuring that visualized information remains accessible
to a broader audience. (2)

RESULTS

In our research, we conducted a comprehensive investigation into the influence of color choice on data
visualization accessibility for individuals with color vision deficiency (CVD). Through diverse research
methods, including qualitative and quantitative analyses and visual data representations, we explored
several hypotheses. (3)

Our findings confirm that red-green combinations present significant challenges for individuals with CVD,
emphasizing the importance of addressing this issue in data visualization design. Additionally, we
extended our exploration to encompass other problematic color combinations, such as
red/green/brown/orange and blue/purple, revealing similar challenges for individuals with CVD. We
demonstrated that colorblind-friendly palettes substantially enhance accessibility by improving data point
and pattern differentiation. Varying color values, particularly employing very light green, medium yellow,
and very dark red, mitigates accessibility concerns in scenarios requiring red and green.

Our research also validated alternative data distinction methods, including icons, labels, and
user-selectable colorblind-friendly palettes, which empower individuals with CVD to interpret data without

exclusive reliance on color cues. These findings underscore the critical role of color choice in data
visualization accessibility, offering a multifaceted approach to designing inclusive and colorblind-friendly
visualizations. Our research contributes to the establishment of best practices, ensuring that visualized
information remains accessible to a broader audience, and we further explore broader implications and

practical recommendations in the subsequent section.





DISCUSSION

The results of our research provide valuable insights into the relationship between color choice and data
visualization accessibility, particularly for individuals with color vision deficiency (CVD). In this section, we
interpret the findings in light of our hypotheses, analyze their implications, acknowledge limitations and
potential sources of bias, and suggest avenues for further research.

Hypothesis 1 - The Challenge of Red-Green Combinations: Our research confirms that red and green
combinations pose difficulties for individuals with color vision deficiency (CVD), especially those with
deuteranopia. This highlights the importance of avoiding these hues together in data visualizations to
ensure differentiation when needed.

Hypothesis 2 - Exploration of Problematic Color Combinations: We expanded our investigation beyond
red and green to uncover challenges with color combinations like red/green/brown/orange and
blue/purple. This emphasizes the need for a broader understanding of color choices in data visualization
design, promoting inclusivity.

Hypothesis 3 - Variations in Color Values: Our experiments reveal that varying color values (light vs.
dark) can alleviate accessibility concerns with red-green combinations. This practical approach offers a
solution for cases where red and green must coexist without compromising aesthetics.

Analysis of Implications: The implications of our findings are twofold. First, they underscore the necessity
of designing data visualizations with accessibility in mind, ensuring that information remains
comprehensible to individuals with CVD. Second, they emphasize the need for a more nuanced
approach to color choices, extending beyond the red-green paradigm, to accommodate the diverse
experiences of individuals with different forms of CVD.

MATERIALS AND METHODS

To explore the impact of color choice on data visualization accessibility, we employed a mixed-methods
approach, combining quantitative and qualitative analyses. We utilized colorblind simulation software to
replicate the experiences of individuals with color vision deficiency (CVD). Specifically, we employed
simulations for deuteranopia, protanopia, and other common forms of CVD to assess how different color
choices and combinations would be perceived. (1)(4)

We conducted controlled experiments to evaluate the effectiveness of various color schemes, including
the use of colorblind-friendly palettes and variations in color values (light vs. dark). Participants were
presented with a series of visualizations, and their ability to interpret and differentiate data points was
assessed. We administered surveys and conducted user testing sessions with individuals who have CVD
to gather qualitative feedback on the usability and interpretability of data visualizations. Participants
provided insights into their preferences and challenges encountered. (6)

We generated synthetic datasets for experimentation purposes, enabling us to control variables and
systematically test different color choices and combinations. We analyzed a selection of existing data
visualizations, both from publicly available sources and data visualization software, to assess the
prevalence of color choices and their potential impact on individuals with CVD. (4)(6)
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