Journal of Digital Art Engineering & Multimedia Vol.13, No.2, June (2026), pp.203-214
ISSN 2508-9099(p) 2672-1198(e) http://dx.doi.org/10.29056/jdaem.2026.06.06

M7t o4 SHO|S B MALHEY 0|F AT I HY
B2y CiHY ZHYYa o

A Study of a Color-Shape Dual-Encoding-Based Game Accessibility
Design Framework for Players with Color Vision Deficiency
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Abstract

This study aims to propose an information-based redundant encoding design framework and exploratorily
evaluate user responses and applicability through prototype implementation that integrates color, shape,
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brightness, and patterns to enhance game accessibility for users with Color Vision Deficiency (CVD).
Current game interfaces heavily rely on a single color visual channel, which easily leads to information
recognition errors and operational errors for CVD users. To address this issue, a multidimensional visual
information design framework was constructed by integrating the Okabe & Ito color vision-friendly color
system, color-shape redundant encoding, and Paul Tols diverging color schemes. Through shape and pattern
mapping, brightness contrast adjustment, and optimization of color distribution, the framework enhances
perceptual discriminability and compensates for the limitations of single-color encoding. To exploratorily
evaluate the applicability of the proposed framework, a puzzle game prototype titled Together was
developed, and a user evaluation was conducted with 31 participants with CVD. The results showed that
both information recognition ease and operational accuracy reached 71%. In the HCI evaluation,
accessibility (81%), usability (78%), efficiency (72%), and user satisfaction (83%) all showed positive
results, indicating overall positive user responses to the proposed framework. However, some users still
exhibited color-dependent cognitive strategies, and increased information processing delay and cognitive load
were observed in complex interface environments. This indicates that while the design is effective in static
environments, further optimization is required for dynamic interactive contexts. This study extends the
traditional ~color-correction-centered research paradigm by proposing a design framework based on
information encoding structure optimization and exploratorily examining its practical applicability. It provides
new perspectives and theoretical foundations for CVD-related game accessibility research and is expected to
make meaningful contributions in both academic and applied domains.

Keyword : Color Vision Deficiency (CVD), game accessibility, redundant encoding, interface design,
usability
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[Table 1] Cognitive Characteristics and Impacts of Different Types of Color Vision Deficiency in Game Environments
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[Table 2] Effects of Game Environment Factors on Players with Color Vision Deficiency
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