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Abstract

Color plays a central role in shaping the learning experience of preschool children in China’s rapidly expanding
early-learning app ecosystem. As digital learning becomes increasingly mobile-based, color design influences
not only aesthetic appeal but also perceptual clarity, cognitive load, emotional regulation, and interaction fluency.
This paper proposes a comprehensive analysis of color use in Chinese early-learning animation by examining its
developmental, pedagogical, cultural, and technological dimensions. Drawing on empirical findings from child
visual development, early literacy and numeracy research, interaction design studies, and Chinese cultural
symbol systems, the paper identifies eight core domains that structure effective color strategies: functional roles
of color, preschool color perception, dominant trends in Chinese early-learning apps, educational color principles,
domain-specific learning scenarios, visual accessibility requirements, interaction-driven color needs, and the
foundations of a culturally grounded color framework. Across these domains, color is shown to support attention
guidance, tone and radical differentiation in literacy tasks, conceptual representation in math, cross-language
mapping in bilingual content, and scaffolded task sequencing. At the same time, color design must address
challenges related to visual fatigue, color-vision diversity, device variability, and increasing parental concern
about overstimulation and myopia. The analysis demonstrates that culturally embedded color meanings—such as
the positive emotional valence of red and gold—remain influential in shaping children’s affective responses and
can be leveraged to reinforce motivation and emotional stability. The paper concludes by outlining a culturally
informed, developmentally aligned framework for color use in Chinese early-learning animation. This
framework integrates perceptual development, cultural symbolism, educational goals, and screen-health
considerations into a cohesive set of principles that can guide future design practice and research in
child-centered digital learning.

Keywords: color design, early-learning animation, preschool visual perception, cognitive load, interaction
design, bilingual learning, Chinese cultural symbolism

1. Functions of Color in Early-Learning Animation

Color plays a central role in shaping the visual, emotional, and cognitive experience of early-learning animation
used in Chinese educational apps. Because children aged 2—6 rely heavily on visual cues to interpret meaning,
follow instructions, and sustain attention, color becomes one of the most effective design elements for
structuring learning content. In the context of China’s rapidly expanding early-learning market—where apps
such as BabyBus, Hongen Literacy, and TikTok Kids Science Shorts are widely used—color functions not only
as an aesthetic tool but also as a pedagogical mechanism that supports foundational learning processes.

A primary function of color is directing attention. Preschool children have limited selective attention capacity,
and research shows they respond more quickly to high-contrast visual elements than to shape or textual
differences. A study from Beijing Normal University (2020) found that children aged 3—5 were 27% more likely
to fixate on brightly colored instructional elements than on neutral ones when viewing animated learning tasks.
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For early-learning apps, this means color can be strategically applied to highlight key objects, guide sequencing
steps, or emphasize phonetic targets in literacy modules.

Color also serves as a tool for concept reinforcement, particularly in early numeracy, phonics, and
shape-recognition content. Consistent color coding—such as using specific hues to represent phonemes,
counting units, or grammatical categories—helps strengthen associative learning. Chinese educational apps
frequently use color mapping to differentiate tones in Mandarin pinyin, a technique supported by evidence that
color—sound associations enhance recall accuracy for preschoolers learning tonal languages.

Another essential function of color is emotional regulation. Young children’s emotional responses strongly
influence their engagement with educational content. Studies from the China National Children’s Center indicate
that warm, low-saturation palettes create a sense of safety and comfort, whereas highly saturated colors can
increase excitement but may also induce overstimulation during long viewing sessions. Many Chinese
early-learning apps therefore employ gentle, pastel-based palettes in storytelling segments while reserving
brighter colors for reward animations or interactive motions. This calibrated use of color supports both attention
stability and positive emotional experience during learning tasks.

Color further contributes to visual organization, helping children navigate complex scenes and interactive
layouts. With the increasing use of touch-based interactions in early-learning apps, color is frequently used to
highlight clickable elements, differentiate interactive zones, and guide children toward desired actions without
overwhelming them verbally. This form of “color scaffolding” reduces cognitive load and enables independent
navigation even among younger preschoolers who cannot read interface text.

2. Preschool Color Perception in China

Color perception in early childhood reflects both developmental progress and cultural shaping, making it a
foundational factor in designing effective educational animation for Chinese preschoolers. Children aged 2—6
rely heavily on visual cues, and their ability to distinguish and interpret colors grows rapidly during this period.
Understanding these perceptual characteristics allows designers to align color strategies with children’s cognitive
readiness and cultural expectations.

Developmentally, Chinese preschoolers show clear age-related improvements in color discrimination and
naming accuracy. Research conducted by the Chinese Academy of Sciences (2019) and a preschool visual
perception study across Beijing and Chengdu (2020) demonstrates that primary colors—particularly red and
yellow—are recognized earlier than secondary or low-saturation hues. To illustrate these developmental
differences, Table 1 summarizes typical color recognition accuracy ranges reported across multiple Chinese
datasets.

Table 1. Color Recognition Accuracy Ranges Among Chinese Preschoolers (Ages 3-5)

Color Age 3 Age 4 Age 5 Data Source
Red 80-85% 88-92% 94-97% CAS (2019)
Yellow 75-82% 85-90% 92-95% CAS (2019)
Blue 58-65% 70-78% 85-90% Beijing—Chengdu Study (2020)
Green 55-63% 70-76% 83-88% Beijing—Chengdu Study (2020)
Purple 30-38% 50-55% 68-73% CAS (2019)
Brown 25-32% 45-52% 63-70% CAS (2019)

Beyond developmental patterns, color perception among Chinese preschoolers is strongly influenced by cultural
symbolism. In Chinese visual culture, red is associated with positive emotion, celebration, and good
fortune—forming a cultural preference observed even in young children. A 2021 survey by Shanghai Normal
University found that red was consistently ranked as the most preferred hue among children aged 4-6,
contrasting with findings from Western populations where blue tends to dominate. Educational animations that
incorporate culturally resonant hues often achieve smoother emotional engagement and improved motivation
among Chinese preschool users.

Exposure environments also shape color familiarity. Urban preschoolers, who interact frequently with
commercial media, digital screens, and high-saturation palettes, tend to recognize bright primary colors earlier
than their rural counterparts, who demonstrate stronger familiarity with natural greens and earthy tones. These
regional differences, reported in a national preschool visual culture survey (2020), suggest that a one-size-fits-all
color strategy may not fully accommodate the diversity of early-learning app users across China.
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Digital interaction patterns further influence children’s color perception. As of 2022, more than 70% of Chinese
preschoolers regularly use early-learning apps, and repeated exposure to touch-based animation teaches children
to associate bright colors with interactivity, feedback, or task progression. This learned association enhances the
pedagogical potential of color cues but also requires careful moderation to avoid overstimulation.

3. Color Trends in Chinese Early-Learning Apps

Color usage in Chinese early-learning apps reflects a blend of pedagogical intent, branding strategy,
developmental psychology, and interface usability conventions. As the early-learning digital market has
expanded rapidly—reaching over 35 million active child users according to QuestMobile (2022)—distinct
patterns have emerged in how animations deploy color to attract, instruct, and retain preschool audiences. These
trends reveal a convergence toward palettes that balance visual stimulation with cognitive clarity, tailored
specifically to the perceptual needs and cultural expectations of Chinese young learners.

One prominent trend is the widespread use of high-saturation primary colors, particularly in apps such as
BabyBus and Hongen Literacy. Because preschoolers show strong early recognition of red, yellow, blue, and
green tones, designers frequently use these hues to build character identities, highlight interactive elements, and
reinforce instructional content. High-saturation colors are more effective in mobile environments, where small
screens require strong contrast to maintain visibility. As mobile device usage dominates early-learning activities
in China—over 80% of preschool digital learning occurs on smartphones or tablets (CNNIC, 2021)—this trend
reflects practical adaptation to viewing conditions.

Another notable trend is the increasing adoption of soft pastel palettes in narrative and emotional-regulation
segments. Apps targeting younger users (ages 2—4), such as Xiaomi Kids Channel and BabyBus’s bedtime series,
employ low-saturation pinks, blues, and greens to reduce overstimulation and support longer viewing durations.
These palettes align with research from the China National Children’s Center indicating that softer hues can
lower physiological arousal and maintain calmer emotional states during sustained engagement. As parents place
growing emphasis on “healthy screen use,” many educational apps intentionally shift from bright colors to
gentler palettes in context-specific modules such as storytelling or sleep routines.

Color is also strategically used to differentiate content types and learning modules. For example, literacy
modules commonly use a strong triadic palette (red—blue—yellow) to mark phonetic categories or character
components, while numeracy modules rely on clear, segmented colors to represent units, quantities, or steps in
counting procedures. Interactive math animations on platforms like Hongen often apply consistent color
coding—such as blue for numerals and yellow for instructional prompts—to reduce cognitive load. This modular
coding reflects the broader movement toward structured pedagogical design in China’s digital education sector.

A fourth trend is the integration of reward-coded color schemes, where gold, rainbow gradients, or starburst hues
signal achievement and motivate repeated interaction. Game-inspired elements are now common across
early-learning apps, driven by evidence that visually distinctive reward colors increase task persistence in
children aged 4-6. These “gamified” color strategies appear frequently in reading milestones, level completion
animations, and phonics progress badges. However, some apps have begun moderating these effects by adopting
less intense gradients, responding to parental concerns about overstimulation.

Cultural factors also shape color trends. Red and gold remain dominant accent colors across many Chinese
early-learning brands due to their associations with positivity and good fortune. Even in globalized platforms
such as ABCmouse (China Edition), localized palette adjustments are evident, with more frequent use of warm
hues and fewer gray-based neutrals compared to Western versions. Designers increasingly integrate traditional
Chinese color aesthetics—derived from classical pigments such as cinnabar red, indigo blue, or celadon
green—into modern Ul elements to achieve both cultural resonance and visual distinctiveness.

The growing emphasis on screen health and visual ergonomics has influenced color design trends. Many apps
now reduce blue-light intensity through warmer background tones or adaptive brightness features. Some
platforms employ “evening mode” palettes, reflecting a broader industry shift toward protecting preschool visual
development.

These trends illustrate how color design in Chinese early-learning apps is evolving in response to pedagogical
needs, cultural norms, technological constraints, and parental expectations. As competition among platforms
intensifies, color strategies increasingly balance visual appeal with cognitive and emotional suitability for young
children.

4. Case Analysis of Major Chinese Early-Learning Apps

Color strategies in Chinese early-learning apps can be understood more concretely through an examination of
several representative platforms widely used by preschool children. BabyBus, Hongen Literacy, iHuman, and
ABCmouse (China Edition) together account for a major share of the early-learning app market; combined, these
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apps reached more than 28-32 million monthly active child users in 2022 according to QuestMobile. Each app
employs color in distinctive ways, reflecting different pedagogical aims, brand identities, and user age groups.

BabyBus provides one of the clearest examples of high-saturation color design aimed at maximizing perceptual
salience. Interface sampling conducted in a 2021 UI analysis (N = 120 screens) found that over 65% of
foreground elements used high-saturation hues—primarily reds, yellows, blues, and greens. These colors serve
as rapid attention cues suitable for toddlers and younger preschoolers (ages 2—4). Interactive hotspots and task
prompts almost always appear in warm hues, typically yellow or orange, which supports intuitive action
recognition. In narrative or emotional-regulation modules, however, BabyBus shifts to pastel backgrounds to
prevent overstimulation. This dual-system palette—highly saturated for interaction, soft for
storytelling—supports both engagement and emotional balance.

Hongen Literacy uses a more structured educational palette designed specifically for Chinese literacy instruction.
Radical components in Chinese characters are consistently color-coded, often using a three-tone hue system to
differentiate semantic, phonetic, and structural components. Internal testing reported by Hongen in 2020 shows
that children aged 4-6 demonstrated 14% higher accuracy in radical recognition when exposed to stable color
coding compared to monochrome character animations. Stroke-order modules also use progressive color
sequences (e.g., warm-to-cool gradients) to clarify multi-step tracing tasks. Unlike BabyBus, Hongen relies less
on bright gradients and more on saturated but controlled hues, creating a cleaner visual hierarchy aligned with
early literacy pedagogy.

iHuman represents a newer design philosophy grounded in cognitive load reduction. An analysis of 50 interface
screenshots conducted by a Tsinghua University HCI team (2021) showed that iHuman used lower overall color
density, with only 38% of screen real estate containing high-saturation colors, compared to BabyBus’s 65%.
iHuman favors flat color blocks, minimal gradients, and muted backgrounds to reduce competition between
visual elements. This approach supports tasks requiring sustained concentration, such as stroke tracing, pinyin
learning, and English phonics decoding. Interactive items still use warm accent colors for action signaling, but
the overall palette remains visually lighter and less ornamented.

ABCmouse China Edition integrates American-style educational color principles but adapts them to Chinese
cultural expectations. Compared with its U.S. counterpart, the Chinese version employs warmer background
hues, more red—gold reward signals, and fewer gray-neutral palettes, reflecting cultural preferences for warmth
and positivity. A 2022 cross-version comparison found that reward animations in the China Edition used warm
gradients in 87% of cases, versus 52% in the U.S. version. This localization enhances emotional engagement for
Chinese preschoolers, who interpret warm colors—especially red and gold—as indicators of success, celebration,
or encouragement.

Table 2. Comparative Color Strategies of Major Chinese Early-Learning Apps

Feature / App BabyBus Hongen Literacy iHuman ABCmouse China
Edition
Primary High-saturation primaries Structured Low-load Warm-toned
Palette Style (red/yellow/blue/green) educational palette; minimalist palette palettes;
controlled culturally adapted
saturation hues
Foreground ~65% high-saturation (Ul ~50% mid-high ~38% ~55% warm
Saturation sample, 2021) saturation high-saturation saturation
Level (Tsinghua Ul
analysis)
Background Pastel, soft gradients for Clean, Flat, muted Warm  neutrals;
Style emotional balance low-ornament backgrounds fewer grays than
backgrounds U.S. version
Educational Limited; mostly attention Heavy use: Moderate: phonics, Moderate;
Color Coding  cues radicals, tones, tracing overlays strongest in
stroke-order coding English literacy
modules
Reward Color Gold, warm bursts, rainbow Gold and yellow Subtle warm tones 87% warm
System gradients highlights gradients (China

Edition data)

Interaction Warm, bright tones; pulsing Clear structured Soft glow + warm Warm emphasis;
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Cues animations cues accents culturally positive
red/gold
Target Age 2-6 3-7 3-8 2-7
Group
Design Focus Engagement + perceptual Structural literacy + Cognitive load Cultural
salience component analysis  reduction adaptation +

bilingual learning

Comparative analysis reveals several shared strategies across apps. All major platforms use warm hues for
interactivity, reinforcing learned color—action associations. All integrate softer palettes for narrative segments to
manage emotional load and visual fatigue. Furthermore, each uses color to support domain-specific learning
needs—whether through tone-color mapping in pinyin modules, radical highlighting in character learning, or
color-coded manipulatives in math tasks. At the same time, differences remain: BabyBus prioritizes engagement
and perceptual salience, Hongen emphasizes structural literacy, iHuman focuses on cognitive simplicity, and
ABCmouse blends Western pedagogy with Chinese cultural aesthetics.

These case analyses demonstrate that the color strategies observed across Chinese early-learning apps are not
only theoretically grounded but also pragmatically implemented. The combined use of high-saturation attention
cues, pastel regulatory palettes, culturally meaningful hues, and structured educational coding illustrates how
color functions as both a perceptual tool and a pedagogical mechanism in real-world digital environments. The
consistency of these strategies across platforms supports the broader trends identified in this chapter and
highlights the centrality of color in shaping early-learning experiences for Chinese preschoolers.

5. Principles of Educational Color Design
5.1 Contrast and Attention Cues

Contrast is one of the most effective color mechanisms for directing preschoolers’ attention in early-learning
animation. Children aged 3—6 rely heavily on perceptual salience, and studies show they respond significantly
faster to high luminance or hue contrast than to differences in shape or size. Research from East China Normal
University (2020) found that preschoolers located target objects 30—40% faster when the focal element differed
clearly in hue from its surroundings.

Because over 80% of preschool digital learning in China occurs on smartphones or tablets, contrast is essential
for maintaining visibility on small screens. High-saturation primary hues (red, yellow, blue) are frequently used
for instructional elements, while backgrounds are softened to avoid visual overload.

Contrast also clarifies sequencing in step-by-step literacy and math animations. Distinct hue families help
differentiate radicals in character learning, while contrasting operational cues (e.g., yellow arrows vs. blue
counting blocks) support rapid comprehension.

To reduce fatigue, many apps employ contrast layering, keeping central instructional elements vivid while using
muted tones for peripheral details. Dynamic contrast cues—such as objects brightening when ready to be
tapped—further help preschoolers recognize interactivity without relying on text, aligning with learned
color—action associations from frequent mobile-device use.

5.2 Color Use for Cognitive Load Reduction

Color is a key tool for managing cognitive load in young learners who possess limited working memory.
Consistent color coding helps chunk information, making complex content easier to process. For instance,
Mandarin phonics modules in Hongen Literacy and iHuman apply stable color—tone mappings, which Beijing
Normal University (2021) found improved preschoolers’ tone recall accuracy by 12—18%.

Color hierarchies guide attention by distinguishing essential content from background details. Muted pastels or
neutral grays often suppress distractions, helping children focus on target objects—especially important in
visually dense mobile interfaces.

Sequential color cues reduce the cognitive burden of following multi-step tasks. Stroke-order animations
frequently use hue progression (warm — cool) to indicate sequence, supporting motor planning without
extensive verbal explanation.

To minimize extraneous load, many Chinese apps have shifted toward flat, minimally ornamented color fields,
avoiding decorative backgrounds that overwhelm young learners. Eye-tracking research at Zhejiang University
(2022) shows 15-22% fewer fixation shifts when children view simplified palettes.

Predictive cues—such as gradual brightening before an interaction—further smooth task flow, reducing

58



ART AND SOCIETY OCT. 2025 VOL.4, NO.9

hesitation and supporting independent navigation. Calm, low-saturation color environments also help manage
emotional load by maintaining focus during challenging literacy or numeracy tasks.

5.3 Emotional Color Mapping

Emotional color mapping uses color to evoke or regulate affective states, an essential function for preschoolers
who rely on nonverbal cues to interpret learning environments. Warm hues—red, orange, bright
yellow—enhance excitement and reward perception. In BabyBus, gold bursts and warm gradients often
accompany achievement animations, reflecting cultural associations between red/gold and success. Data from
the China National Children’s Center (2020) indicate that warm hues increase motivational arousal among
children aged 3—6.

Conversely, cool low-saturation tones promote calmness and sustained attention. Apps often apply soft blues and
greens in bedtime stories or longer narrative segments. Experiments at Shanghai Jiao Tong University (2021)
show that cool, muted hues reduce arousal levels and stabilize gaze patterns in preschoolers, supporting
emotional regulation during extended learning.

Color also enhances narrative coherence: darker hues signal conflict, while lighter palettes convey safety or
resolution. Chinese cultural symbolism strengthens these cues—red for positivity, black for caution, white for
neutrality—making emotional transitions more intuitive for young viewers.

Emotional color strategies further support persistence during difficult tasks. Literacy and math modules
frequently pair warm feedback cues with gentle pastel environments to create a psychologically safe learning
climate. SEL (social-emotional learning) modules often adopt standardized emotional color codes (e.g., blue =
sadness, yellow = happiness), helping children visually anchor abstract emotions before mastering verbal labels.

Given rising concerns about overstimulation, many apps now integrate comfort modes using warmer, low-blue
light palettes during evening use and limit high-intensity color bursts in continuous-play modes to protect
emotional well-being.

6. Color Use in Key Learning Scenarios
6.1 Strategies for Phonics, Math, and Bilingual Content

Color plays a structural role in shaping how preschoolers process phonics, math, and bilingual content in
Chinese early-learning apps. In Mandarin phonics, color-tone mapping is widely used to differentiate tonal
categories, allowing children to visually anchor pitch differences before developing accurate auditory
discrimination. Platforms such as Hongen Literacy and iHuman employ stable hue assignments—warm hues for
high tones, cooler hues for low tones—to reduce tonal confusion. Research from Beijing Normal University
(2021) indicates that such mappings increase tonal recall accuracy by 12—18%, demonstrating clear pedagogical
value.

In character learning, color highlights semantic or phonetic radicals to help children recognize component
patterns across different characters. Consistent radical coloring supports morphological awareness, a key
predictor of early literacy in Chinese. Similarly, stroke-order animations often apply distinct hues or incremental
color shifts to illustrate sequencing, enabling children to visually track multi-step movements with reduced
working memory load.

Math modules rely on color to organize quantities, categories, and operational steps. Counting animations
frequently assign stable hues to objects and prompts—for example, using blue for unit counters and yellow for
instructional arrows—helping children identify relationships at a glance. Color transitions, such as merging hues
during addition or fading hues during subtraction, serve as visual metaphors that make abstract operations more
concrete.

In bilingual learning, color separates linguistic channels by assigning different hue families to English letters,
Chinese counterparts, or associated images. This reduces interference between languages during early
vocabulary acquisition. Color-coded consonants, vowels, and digraphs also support decoding skills, especially
for preschoolers encountering alphabetic systems for the first time.

6.2 Scaffolded Instruction Through Color

Color-based scaffolding supports preschoolers as they navigate multi-step learning processes, providing visual
organization and reducing cognitive load. In literacy instruction, stroke-order animations often use warm-to-cool
color progressions to signal sequence, helping children follow complex movement patterns without relying on
written or verbal explanations. Eye-tracking studies from Zhejiang University (2022) show that these
segmenting cues reduce fixation-switching by 15-20%, indicating smoother information processing.

Scaffolding also occurs through hierarchical color emphasis. Primary instructional targets—such as the next
counting object or the radical to be identified—appear in saturated hues, while secondary elements use muted or
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analogous tones. This separation clarifies priority and maintains attention on essential content, particularly
important on small mobile screens common in Chinese households.

Progressive color cues are used to signal readiness or guide transitions. Objects may brighten or pulse before
interaction, enabling children to anticipate actions without needing textual prompts. This supports independence,
especially for younger learners who cannot decode symbolic instructions. Soft corrective cues, such as gentle
desaturation or subtle glow changes, help children recognize errors without triggering frustration—an approach
aligned with contemporary early childhood education goals emphasizing supportive rather than punitive
feedback.

In phonics tracing and English letter formation, sequential color overlays guide stroke initiation and direction.
These cues function as external supports for motor planning, reducing trial-and-error attempts and improving
accuracy.

Color-based scaffolding thus provides preschoolers with a structured, visually accessible way to engage with
complex tasks, supporting self-guided learning in China’s mobile-first early-learning environment.

6.3 Interactive and Feedback Elements

Interactive and feedback elements depend heavily on color to help preschoolers identify actionable areas,
understand system responses, and maintain motivation. Warm, high-saturation hues such as yellow, orange, or
bright pink are commonly used to indicate clickable objects or draggable items. According to a Tsinghua
University Interaction Design Lab study (2021), preschool children respond up to 25% faster to warm-toned
prompts than to neutral or cool-colored alternatives, reinforcing the importance of color—action associations.

Color also shapes feedback perception. Green remains a primary indicator of correctness, but many apps now
use gold, soft red, or gradient bursts for reward animations to align with cultural associations of success and
celebration. These warm reward cues increase task persistence and emotional engagement. For incorrect
responses, designers increasingly avoid harsh red flashes—linked to frustration—and instead use muted
corrective tones or brief dimming effects to encourage re-attempts without emotional overload.

Dynamic color transitions support interactive timing. Pulsing, brightening, or rhythmic hue shifts signal
upcoming actions, helping children anticipate when to tap, drag, or match. This reduces hesitation and supports
fluid interaction flow, especially in multi-step tasks such as phonics assembly or math matching.

In narrative-based modules, interactive elements are marked with distinct accent colors that stand out from
background palettes. This ensures that children can explore story environments without becoming visually
overwhelmed. Color cues are also synchronized with audio prompts in music, phonics, and bilingual lessons,
enhancing multi-sensory integration and improving recall.

7. Visual Accessibility Considerations

Visual accessibility is increasingly central to early-learning animation design in China, driven by rising
preschool screen exposure and growing public concern over childhood myopia. Children aged 2-6 have
immature visual acuity, developing color discrimination, and lower tolerance for high contrast and glare, making
color selection critical to comfort and comprehension. National Health Commission data (2021) show that early
myopia indicators are present in over 50% of children aged 5—6, underscoring the need for color environments
that reduce strain during prolonged use.

A key accessibility requirement is achieving balanced contrast. Instructional elements must be visually distinct
without relying on harsh or overly saturated contrasts that can fatigue young eyes. Designers increasingly adopt
“soft-foreground, softer-background” palettes—foreground cues remain clear while backgrounds shift to matte
pastels or low-saturation tones. This supports visual clarity, particularly on small screens, which dominate
early-learning experiences for most Chinese families.

Colorblind accessibility also influences palette design. Although red-green color vision deficiency is relatively
uncommon in China, affecting about 3—5% of boys (Sun Yat-sen University, 2020), the reliance of educational
content on color differentiation necessitates inclusive strategies. Designers often supplement color cues with
outlines, shapes, or motion to ensure comprehension even when hue perception differs.

Another dimension is blue-light management, given that Chinese preschoolers frequently use apps in dim
lighting environments at home. Many platforms now provide warm-tone modes, reduced-blue displays, or
adaptive color adjustments that shift palettes after evening hours. This aligns with national eye-health initiatives
promoting reduced blue-light exposure for young children.

Typography and icon legibility interact closely with color. Early literacy animations require high readability, so
designers use stable, high-contrast text against simplified backgrounds. Avoiding gradients or busy textures helps
preserve letter form clarity, improving early decoding accuracy.
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Device variability across Chinese households requires robust color choices. Because children may use older
smartphones or tablets with inconsistent color calibration, designers favor bold, universally distinguishable hues
and avoid subtle distinctions that may disappear on lower-quality screens. This ensures that learning cues remain
consistent across diverse usage environments.

8. Interaction Patterns Shaping Color Needs

Preschoolers’ interactive habits significantly shape how color functions within early-learning animation. Because
young children depend heavily on perceptual cues to identify actions, color becomes a primary indicator of what
can be tapped, dragged, traced, or explored. In China’s mobile-first learning ecosystem, where most
early-learning occurs on smartphones, these color—action associations quickly become internalized.

Tap-based interactions are the most common pattern. Warm, saturated hues—yellow, orange, pink—are widely
used for buttons and next-step prompts, helping preschoolers instantly recognize actionable elements. Studies
from Tsinghua University Interaction Lab (2021) show that warm-colored prompts yield 20-25% faster response
times compared with cooler tones, confirming the behavioral efficiency of this design convention.

In drag-and-match tasks, color regulates structure and clarity. Draggable items typically use a distinct hue family,
while target zones adopt complementary colors or soft glows to guide matching behavior. This reduces confusion
in category-based tasks such as phonics pairing or shape sorting. Color also supports conceptual clarity: math
apps use color-coded blocks or manipulatives to help differentiate numerical groups or operational steps.

Tracing interactions rely heavily on color contrast. Clear stroke paths, often rendered in warm, bright tones, help
children maintain correct direction and pressure. As children trace accurately, dynamic color shifts—brightening
or glowing—provide nonverbal feedback that reinforces correct motor patterns without relying on complex
instructions.

Color also structures anticipatory cues. Objects that pulse, brighten subtly, or transition in hue signal that an
action is imminent. These cues help preschoolers maintain task flow, especially in multi-step sequences where
they may otherwise hesitate. In narrative-based modules, warm accent colors mark interactive story elements,
while muted background palettes preserve visual focus and narrative coherence.

Audio—visual synchronization is another emerging pattern. In phonics and music modules, rhythmic color pulses
aligned with beats or syllables help children coordinate timing and reinforce auditory cues. This modality
integration is particularly effective for Mandarin tonal training and early phonological awareness.

9. A Culturally Grounded Color Framework for China

A culturally grounded color framework provides a foundation for designing early-learning animation that aligns
with Chinese preschoolers’ perceptual development, cultural meanings, and parents’ expectations for digital
learning. This framework integrates cultural symbolism, educational priorities, linguistic structures, and
screen-health considerations into a cohesive design approach.

Chinese preschoolers grow up in a visual culture where colors hold strong symbolic value: red signifies joy and
success, gold suggests achievement, green implies growth, and darker tones convey caution or seriousness.
These meanings shape children’s emotional interpretations long before they acquire abstract symbolic
understanding. Leveraging this cultural knowledge—such as using red-gold hues for rewards or cool greens and
blues for calming instructional segments—enhances emotional clarity and engagement.

The framework also accounts for regional differences. Urban children are more familiar with high-saturation
commercial palettes due to heavy exposure to digital media, while rural children often respond more naturally to
muted, nature-derived tones. A flexible palette strategy—allowing thematic or regional variation—ensures
inclusivity for diverse learning audiences across China.

Health considerations further shape the framework. With early childhood myopia prevention now a national
priority, color strategies increasingly incorporate moderated contrast, soft backgrounds, and controlled blue-light
exposure. These choices balance clarity with visual comfort, supporting long-term eye development.

The framework also reflects linguistic and cognitive features unique to Chinese early learning. Color—tone
mapping in Mandarin phonics, radical highlighting in character learning, and color-coded categorical groupings
support literacy acquisition by reducing cognitive load and simplifying structural relationships. In bilingual
modules, distinct hue families for different languages prevent channel interference and strengthen
cross-linguistic mapping.
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