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Introduction: design, significantly shaping human emotions and perceptions. Understanding how different
color properties influence emotional responses can improve the effectiveness and emotional impact of design.
Objectives: This study examines how hue, saturation, brightness, and harmony influence emotional responses
measured by valence, arousal, and dominance. The goal is to develop evidence-based insights for emotionally
engaging design strategies. Methods: A mixed-methods approach was employed, combining secondary data
from a Kaggle dataset with primary data collected via surveys. Participants rated emotional responses to
visual stimuli using a Likert scale. Results: Hue significantly affected valence (F = 12.45, p = 0.001), saturation
influenced arousal (F = 10.89, p = 0.002), and brightness impacted dominance (F = 8.76, p = 0.003). Harmonious
colors contributed 50.5% to positive valence, with red showing high arousal and dominance, while blue indicated
calmness and positive valence. Conclusion: Color properties have a measurable impact on emotional responses.
These findings offer data-driven guidelines for enhancing emotional engagement in visual communication
design.
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1. Introduction

Color plays an important role in visual communication
[1]. Color significantly impacts emotions, cognition, and
behavioral aspects of humans [2]. The impact of color on
emotions differs in terms of culture, experience, and sit-
uations [3]. The development of data-driven techniques
allows for the investigation of color-emotion cognition in
the field of visual communication [4]. Russell’s Circum-
plex Model uses valence and arousal as its core framework
while dominance functions as the element that provides
measurement of control. The system shows positive and
negative responses through valence and displays activation
states through arousal while dominance measures design
impact through participant assessments of color stimuli [5].
The Circumplex Model classifies emotional responses into

three general dimensions: valence, arousal, and dominance
[6]. Existing studies are based on specific properties of col-
ors or subjective experience, but there is a need to develop
an integrated approach to link various properties of colors
with emotional experience. Therefore, to bridge this gap,
this study attempts to develop a data-driven model of color
emotion mapping, which incorporates various properties
such as hue, saturation, brightness, and harmony with va-
lence, arousal, and dominance. Classical color theories,
including Goethe’s framework, depend on personal color
identification by observers to establish emotional connec-
tions. The methods used by these approaches do not offer
measurable proofs which can be tested in real-world con-
ditions. The current scientific approach uses data-based
methods to achieve precise results through modern compu-
tational techniques. This research establishes a connection
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between traditional theoretical concepts and modern sta-
tistical analysis through their combined application. The
research employs a mixed-methods design, integrating
qualitative and quantitative analysis to study emotional
responses to color combinations in visual communication
[7]. Participants evaluate designs based on valence, arousal,
and dominance, producing high-quality measures of their
subjective emotional experiences [8]. The study links color
attributes to emotionsto create visuals that evoke desired
feelings and enhance audience engagement.

¢ Examine emotional effects of color combinations using

valence, arousal, and dominance.

e Identify correlations between color attributes and emo-
tions.

* Develop data-driven methods to predict emotional
responses.

¢ Provide design guidelines for creating engaging visu-
als.

2. Materials and methods

The study integrates surveys, Kaggle design samples, and
computational analysis to link visual elements to emotions,
using ANOVA to generate practical design guidelines for
effective visual communication (Fig. 1).

2.1. Data Collection

The study combines secondary design data and primary
survey responses to examine how color features influence
emotional cognition, enabling a comprehensive under-
standing of visual design’s cognitive and emotional im-
pact. A dataset concerning visual design color palettes
was chosen based on its appropriateness to real-world vi-
sual communication. The dataset contains attributes such
as hue, saturation, brightness, and harmony, which are
all relevant to the variables under consideration in this
study. The dataset contains various color combinations, fa-
cilitating an in-depth analysis of emotional responses. The
dataset is publicly available, which is essential for ensur-
ing transparency and reproducibility of the results. The
visual dataset was analyzed through computational feature
extraction to determine its primary color characteristics.
The conversion from RGB color space to HSV color space
enabled the extraction of hue and saturation and brightness
values from the images. The k-means clustering method
was used to identify dominant colors, and the resultant
features underwent normalization for statistical evaluation.
The integration of the Kaggle visual design dataset with
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Fig. 1. Proposed Research Design.

primary survey responses required the execution of a struc-
tured data matching procedure. The process involved two
steps which consisted of transforming visual characteris-
tics to a standardized numerical system and implementing
standardization for survey results obtained through Likert
scale measurement. The mapping strategy created a direct
relationship between visual stimuli and survey responses,
which enabled researchers to merge different data sources
and conduct valid statistical analysis.

2.1.1. Feature Removal Using Domain Expertise Evaluation

Since the study focuses on color’s emotional impact, ir-
relevant dataset attributes were removed. Feature selec-
tion used expert judgment, excluding metrics like user
ratings and click-through rates that do not directly relate
to color-emotion cognition. Statistical analysis techniques,
which included correlation analysis to identify features



Journal of Applied Science and Engineering 32 (2026) 26032070 3

that lacked or showed minimal correlation with emotional
cognition. The Pearson correlation coefficient was used to
determine linear relationships between features because
the dataset contained continuous variables and the study
aimed to investigate linear dependencies. It chose not to
use non-parametric methods, which included Spearman
and Kendall correlation, because these methods work bet-
ter with ordinal data and non-linear relationships, which
were not the primary focus of this analysis. Engagement
metrics (e.g., click-through rates, user ratings) do not cap-
ture intrinsic emotional responses to color, as they reflect
user behavior. Therefore, the analysis focuses solely on
visual and perceptual attributes to ensure an unbiased eval-
uation of emotional cognition. The selection of features was
carried out based on certain criteria set by domain experts.
Features were included if they have direct relevance to the
perception of color and influence on emotional response.
Features like dominant color, hue, saturation, brightness,
and harmony levels were included because of their theoret-
ical and empirical importance in the psychology of color.
The retained features were further validated using statis-
tical methods such as correlation analysis and ANOVA to
confirm their significance.

2.2. Survey Design

The study developed a survey to capture participants” emo-
tional responses to visual designs, focusing on color. Re-
sponses were measured on valence, arousal, and domi-

nance for selected visual stimuli.

2.2.1. Visual Stimuli

Visual stimuli were carefully prepared using two meth-
ods: creating designs with selected Kaggle-derived color
features (hue, saturation, brightness, harmony) and curat-
ing existing designs matching these attributes. The visual
stimuli were randomized across participants to mitigate
sequence-related influences on emotional ratings. Further-
more, a counterbalancing strategy was implemented to
reduce order effects, such as primacy and fatigue of the
collected data. The stimuli appeared at the same resolu-
tion and size throughout all devices because the designers
established a specific time period to display each design
element. The participants had to watch the stimuli without
any interruptions and the researchers provided them with
specific rules to follow which would help reduce their sen-
sory differences. The standardization process established
identical visual conditions for all subjects which improved
the accuracy of their emotional responses in Table 1.

The VAD scales used in the survey were operationalised
in alignment with Russell’s Circumplex Model of Affect.
The model’s main dimensions were used to directly mea-

sure valence and arousal, which showed emotional positiv-
ity and activation levels, respectively, This method used a
5-point Likert scale to measure each dimension.

2.2.2. Participant Demographics and Data Collection Procedure

To ensure survey reliability and validity, participants aged
18-45 with varying design expertise were selected, creating
a diverse sample. The convenience sampling was used
to recruit participants via online resources and scholarly
networks. To ensure widespread accessibility, the poll was
disseminated digitally via social media and email. The
questionnaire was filled out voluntarily by respondents
following predetermined guidelines. For every visual stim-
ulus, emotional reactions were measured on a 5-point Lik-
ert scale. Statistically and to enable effective analysis, a
minimum of 100 participants were required. Shown in
Table 2.

Data were collected online using a questionnaire pre-
senting 10-15 visual designs per participant to measure
valence, arousal, and dominance on a 5-point Likert scale.
Responses were anonymized for confidentiality. Combined
with Kaggle’s secondary dataset, this dual-source approach
ensures robust, high-quality data for analyzing how vi-
sual design properties influence emotional cognition. It in-
cluded adults who were between the ages of 18 and 45 and
who showed a gender ratio of 40 percent male, 50 percent
female, and 10 percent non-binary or other categories. Par-
ticipants were divided into three groups, which included
novice designers, intermediate designers, and experienced
designers. It recorded various emotional responses, which
researchers analyzed across different demographic groups
and skill levels.

3. Result and discussion

Hypotheses guide research by forming testable predictions
based on theory and prior studies, linking independent
(cause) and dependent (effect) variables. The following sec-
tion defines study variables, their theoretical foundations,
and develops hypotheses.

3.1. Independent Variables (Based on Color Properties)

Hue—the basic color name (e.g., red, blue, yellow) [9] influ-
ences emotional and cognitive responses in visual design
[10]. Theories like Goethe’s and Itten’s highlight colors’
psychological significance. Red evokes energy and urgency,
blue conveys trust and calm [11]. aiming to inform color
choices for maximizing emotional impact in visual commu-
nication [12].

Saturation: the intensity or purity of a color, affects
emotional responses in visual design [13]. High satura-
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Table 1. Dimensions of Emotional Response in Visual Communication Design.

Dimension Description Sample Question
The positivity or negativity " . .
Valence of the emotion evoked by How happy does thls,. design
. make you feel?
the design.
The intensity or energy of "How energized does this
Arousal . : "
the emotional response. design make you feel?
. The feeling of control or "Does this design make you
Dominance  empowerment evoked by the . "
. feel in control?
design.
Table 2. Participant Demographics.
Category Criteria Details
Age Range Adults aged 18-45 Diverse age group ehSUring
broad perceptions
Gender Male, Female, Balanced representation
ende Nonbinary/Other across genders
Sample Size Total Participants Mmlm.u m of 100
participants
. . . . Online survey ensures
Location Geographical Diversity global accessibility
Educational Background High school to 'Ensgres: cognitive
postgraduate diversity in responses

tion evokes excitement and attention, while low saturation
conveys calmness and subtlety [14].

Brightness and Its Influence on Emotional Perception-
Brightness, or a color’s lightness /darkness, strongly shapes
emotional perception [15]. Light colors (e.g., yellow) evoke
positivity and vibrancy, while dark colors (e.g., navy, black)
suggest seriousness or negativity [15].

Harmony—the aesthetic balance of color combinations
(complementary, analogous, triadic)}—enhances visual ap-
peal and cognitive clarity [16]. Theories like Albers” empha-
size that balanced harmonies evoke order and emotional
engagement [17].

The feature extraction process used three color space
models, which included RGB and HSV and CIELAB, to cre-
ate multiple image representations. The HSV color space
provided three components, which included hue and sat-
uration and brightness, because it matched human color
perception. The CIELAB color space enabled color differ-
ence representation through perceptual uniformity.

Table 3 links color attributes (hue, saturation, brightness,
harmony) to emotional dimensions (valence, arousal, dom-
inance) using standardized survey and scales for reliable

measurement.

3.2. Emotional Dimensions as Dependent Variables

Valence measures the positivity or negativity desirable emo-
tional responses in visual design [18]. Arousal reflects the
intensity of emotional responses to color [19], with warm

colors like red increasing excitement and energy, and cool
colors like blue promoting calmness, guiding attention and
emotional engagement in design [20]. Dominance reflects
perceived control in visual designs, with high brightness,
saturation, and confidence, and emotional responses [21].

3.2.1. Hypothesis

H1: Warm hues (red, yellow) elicit higher valence than cool

hues (blue, green).

H2 : Higher saturation increases arousal compared

to lower saturation.

H3 : Greater brightness correlates with higher valence.

H4 : Harmonious color combinations enhance perceived

dominance.

H5 : Higher brightness evokes stronger dominance feelings.
In Fig. 2 the hypothesis diagram links Hue, Saturation,

Brightness, and Harmony to Valence, Arousal, and Dom-

inance, illustrating positive correlations and providing a

framework for studying color emotion cognition in design.

Analysis of Variance (ANOVA) in Statistical Analysis

ANOVA was used to test hypotheses by examining how
color attributes affect emotional dimensions It compares
mean emotional responses across groups. The normal-
ity of observations across groups was tested using the
Shapiro-Wilk test and Q-Q plots, while the homogeneity of
variance was established using Levene’s test. It indicated
no significant violation of these assumptions (p > 0.05), con-
firming that the data were appropriate for ANOVA analy-
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Table 3. Participant Demographics.

Dimension Independent Variable

Survey Question

Values

"How positive or negative

Red: 4 (Excitement), Blue: 5

Hue does this de51gr'} make (Calmness), Yellow: 5 (Happiness)
you feel?
"How strong or muted Highly Saturated: 5
Saturation is the emotional impact (Energetic), Desaturated: 2
Valence of this color?" (Subtle Calmness)
"How light or dark does Bright Yellow: 5 (Optimismy),
Brightness this design make you Dark Navy Blue: 2 (Seriousness),
feel emotionally?" Black: 1 (Somber)
"How balanced and Analogous Colors: 5
Harmony Levels aesthetically pleasing (Harmony), Clashing Colors:
is the design?" 2 (Discomfort)
"How energized does Red: 5 (High Energy),
Hue this design make Blue: 2 (Low Energy),
you feel?" Yellow: 4 (Moderate Energy)
"How vivid or intense Highly Saturated Colors:
Arousal Saturation does this design 5 (Excitement), Desaturated
make you feel?" Colors: 1 (Calmness)
"How intense or soothing Bright Yellow: 5
Brightness is the brightness of (Excitement), Dark Brown: 1
this design?" (Subdued Relaxation)
"How empowered does Bright Red: 5 (Empowerment),
Hue this design make Muted Green: 2 (Neutrality),
you feel?" Dark Black: 1 (Overwhelmed)
"How confident does Highly Saturat(;'c(li Colors:
Saturation this color make 5D(Str0ng Confi enc.e),
you feel?" esaturated Colors. 1
Dominance ( Weak Confidence)
Bright Bold Colors:
Bri "How much control does 5 (Strong Control),
rightness

this design convey?"

Muted Pastels: 2
(Gentle and Low Control)

Harmony Levels

"How much order and
clarity does this
design provide?"

Harmonious Designs:
5 (Clear and Empowering),
Disharmonious Designs: 2
(Disorderly and Confusing)

l-? Brightness

Valence

Saturation
Nh

H2+ Arousal

H4+ Dominance H1+

Hue
Harmony Levels

Ha4+
Fig. 2. Hypothesized Relationships Between Color
Properties and Emotional Dimensions in Visual
Communication Design.

sis. HO assumes no mean differences; Ha assumes at least
one. ANOVA (p<0.05) shows color significantly affects

emotions, with post hoc tests identifying specific group
differences for design insights. ANOVA is the analysis
method it effectively tests mean differences among mul-
tiple categorical variables which include hue, saturation,
brightness and harmony. ANOVA allows researchers to
detect significant emotional response differences between
design groups which they had previously established as
study groups whereas regression methods focus on making
predictions. One-way ANOVA was used to measure each
emotional dimension (valence, arousal, and dominance) in
relation to individual colour attributes. This method makes
it easy to understand how groups differ at the variable
level. Even though multivariate methods like MANOVA
can show joint effects, ANOVA was chosen because it is
easier to use and focuses on different emotional responses.
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Result Analysis

The findings examine how color attributes—hue, satura-
tion, brightness, and harmony—affect emotional dimen-
sions (valence, arousal, dominance). Using ANOVA and
scatter plots, the study identifies significant trends in emo-
tional responses and classifies reactions into positive, neu-
tral, and negative profiles.

Gender Distribution

Fig. 3 shows participant gender distribution: 50% female,
40% male, and 10% non-binary/other, reflecting relatively
balanced representation. This highlights inclusivity and
potential sample biases. Fig. 4 displays survey ratings
along three dimensions of emotions—Valence, Arousal,
and Dominance—on three colors: Red, Blue, and Yellow.

Farticipant Gender Distribution

Fur-brinary alhar

10. 0%

Female
1.0

Male

Fig. 3. Participant Gender Distribution in Survey
Responses.

Statistics of Survey Responses
Table 4 shows how color attributes relate to emotional
dimensions including positive, neutral, and negative re-
sponses. Hue significantly affects valence (p = 0.001), with
45.2% positive, 34.8% neutral, and 20% negative responses.
Saturation, brightness, and harmony significantly influ-
ence arousal, dominance, and valence, respectively, con-
firming that color attributes strongly shape emotional re-
sponses in visual communication (Table 4).

Plot for Emotional Dimensions and Color Attributes

Fig. 5 shows the positive relationship between brightness
level and dominance score, where the trend line and 95%

Survey Responses Across Emotional Dimensions

14 Valence
Arousal
Deminance

12

10

@

Scores (1-5)

Red Blue ellow
Hue

Fig. 4. Emotional Response Ratings Across Color Hues.

confidence interval indicate a positive relationship between
brightness level and dominance score.

Brightness vs Dominance with 95% Confidence Interval

4.5 g N

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Brightness Level

Fig. 5. Scatter Plot Matrix for Emotional Dimensions and
Color Attributes.

Fig. 6 represents the effect of harmony levels on va-
lence scores. From the boxplots in this figure, it can be ob-
served that harmonious stimuli have higher valence scores,
whereas disharmonious stimuli have lower valence scores.
The error bars in this figure indicate the mean + 95% confi-
dence interval.

Color Emotion Categorization

Table 5 classifies emotional profiles by Valence, Arousal,
and Dominance (+/-), showing associated adjectives, sur-
vey percentages, and corresponding colored stimuli.

Table 5 links emotional profiles (combinations of Va-
lence, Arousal, Dominance) to associated adjectives, re-
sponse percentages, and specific colors, showing how dif-
ferent color qualities evoke distinct emotional reactions.
The Valence Arousal Dominance (VAD) space was assorted
through an exploratory clustering method which used k-
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Table 4. Distribution of Emotional Profiles by Color Attributes and Emotional Dimensions (V: Valence, A: Arousal, D:

Dominance).

Color Emotional Positive Emotional Neutral Emotional Negative Emotional Significance
Attribute Dimension Responses (%) Responses (%) Responses (%) (pvalue)

Hue Valence 45.2% 34.8% 20.0% 0.001
Saturation Arousal 38.5% 30.7% 30.8% 0.002
Brightness Dominance 42.0% 36.0% 22.0% 0.003

Color Valence 50.5% 30.0% 19.5% 0.000
Harmony

Table 5. Categorization of Emotional Profiles Based on Dimensions.

Dichotomized Dimensions Adjectives % Survey Responses Categorized Stimuli

++ + Admired, Bold, Creative, Vigorous 18.5% LA A

+ -+ Amazed, Fascinated, Awed 3.2% oo

+ - — Comfortable, Relaxed, Satisfied 36.8% ce

- — = Bored, Lonely, Sad 8.1% 000

- —+ Consoling, Sleepy, Tranquilized 1.2% ce

—+ - Antagonistic, Distressed, Hostile 26.7% LA
—++ Indifferent, Unconcerned, Disdainful 10.4% ece

Impact of Harmony on Valence with 95% Confidence Interval

o
=

§  Mean+95% CI

B
n

oy
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@

[
wm

o

Valence Score
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=

2.5

2.0 t

1.5

L0 Harmonious Dishar;mnious

Harmony Levels

Fig. 6. Impact of Harmony Levels on Valence. Boxplot
Comparison.

means to discover its inherent natural groupings. The el-
bow method confirmed that the optimal number of clusters
showed significant emotional groupings.

Mean Observations
Fig. 7 plots mean emotional ratings of color stimuli, show-
ing Valence on the y-axis and Arousal on the x-axis, with
key colors labeled to indicate their emotional positions.
The quadrants in Fig. 7 show how colors map onto
Valence-Arousal space: yellow/green (high-high), blue
(high-low), dark colors (low-low), and red/orange (low-
high), illustrating how color evokes specific emotional
states.

Mean Ratings of Valence and Arousal
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Fig. 7. Mean Ratings of Valence and Arousal.

ANOVA Statistics

Table 6 presents ANOVA results showing the effects of Hue,
Saturation, Brightness, and Harmony on Valence, Arousal,
and Dominance, including F-statistics, p-values, signifi-
cance, and effect sizes (712). The results show that all inde-
pendent variables have a significant effect on their respec-
tive emotional factors, as indicated by p-values below 0.05.
In addition to statistical significance, effect size (17%) values
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were computed to assess practical significance. Saturation
demonstrated a moderate effect on arousal (1? = 0.10).
The obtained ;2 values (ranging from 0.08 to 0.14) indi-
cate moderate to large effect sizes, suggesting that color
attributes have a meaningful real-world impact on emo-
tional responses.

In the same manner, Saturation has a large impact on
Arousal, with an F-statistic of 10.89 and p -value of 0.002,
and effect size of 0.10 indicating a moderate practical effect
on emotional arousal,indicating a moderate effect size of
0.08 suggesting a modest but meaningful practical influ-
ence on dominance perception. ANOVA shows Harmony
strongly affects Valence ( F = 15.34, p = 0.000, ;72 = 0.14),
while brightness influences perceived dominance, high-
lighting how color features significantly shape emotional
responses for design and user experience. Robustness and
stability of the identified relationships were ensured us-
ing a bootstrap resampling approach as a cross-validation
technique. A resampling procedure with 5,000 bootstrap
samples was applied to estimate the indirect effects of hue,
saturation, and brightness on emotional dimensions (va-
lence, arousal, and dominance). Bias-corrected 95% confi-
dence intervals were computed to assess the significance
of the mediation effects.

Table 7 presents the results of the bootstrap mediation
analysis used for cross-validation. The confidence inter-
vals for all paths demonstrate accurate statistical results
because they do not include zero value, which confirms the
existence of stable relationships between the variables.

Discussion

Results show hue, saturation, brightness, and harmony
significantly influence valence, arousal, and dominance,
with harmonious colors boosting positivity and brightness
enhancing dominance, confirming color’s strategic role
in shaping emotional responses for effective visual com-
munication. Individual subjective perception and cultural
context influence emotional reactions to colour. Colours
can be interpreted differently depending on the context
due to cultural differences. Emotional assessments of vi-
sual stimuli are also influenced by individual experiences
and preferences. The sample size (N=100), while sufficient
for analysis, may restrict the generalisability of the results.
Subjective Likert scale ratings were used to measure emo-
tional responses, which could lead to bias in individuals.
Also, using only one dataset may not show all the different
ways that visual design can be used. These factors could
impact the generalisation of the results. Predictive mod-
eling is utilized to estimate emotional outcomes based on
color attributes. The machine learning methods Support
Vector Regression and Random Forest can detect complex

non-linear relationships between color properties and emo-
tional dimensions. The framework will gain improved pre-
dictive power through its extension beyond conventional
statistical methods. The approach enables the creation of
smart design systems that use data to drive their design
process.

4. Conclusion

The study confirms that hue, saturation, brightness, and
harmony significantly shape valence, arousal, and domi-
nance, providing evidence-based guidance for designing
emotionally engaging and effective visual communication.
In UI/UX design, brightness and color combination with
higher brightness always enhance positive valence and
improve user experience, while selective use of high satura-
tion can lead to preferred interactive elements. In the brand-
ing, warm hues such as red and yellow convey energy and
excitement, blue and green communicate trust and calm-
ness. In advertising, high saturation and brightness may
be used to capture attention and intensify emotions.

Insights and Recommendations

This research demonstrates how color attributes and com-
binations shape emotional responses, offering evidence-
based guidelines for designers to enhance engagement,
clarity, and effectiveness in visual communication across
applications.
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