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Abstract. Robots capable of human communication play crucial roles in various daily
tasks, particularly in nursing and mental healthcare. Effective emotion expression is es-
sential for robots to perform these tasks proficiently. However, prior methods for robot
emotion expression often involve complex designs, making them costly and impractical
for widespread application. Additionally, color-based methods for emotional expression
have not been thoroughly explored within the Vietnamese cultural context, where nuances
in color interpretation are significant. This study is the first to specifically investigate cul-
tural differences in emotional expression for robots using colors and gradients tailored to
Vietnamese demographics. Moreover, we propose a simple, cost-effective design for robot
emotion expression that addresses the shortcomings of previous approaches, which rely on
complex and expensive designs, while still being capable of expressing complicated emo-
tions such as dyads. Experimental results demonstrate the effectiveness of these models
in conveying extended emotional states and dyads, independent of traditional human-like
expressions. These findings underscore the practical potential of such models, particular-
ly within Vietnamese nursing and mental healthcare sectors.
Keywords: Robot, Emotion, LED, Color, Gradation

1. Introduction. Individuals with social anxiety tend to find it easier to interact with
robots, especially those with a metallic body, than with humans, underscoring a unique
application of robotic technology [1]. This observation has led to a notable surge in interest
in partner robots in recent years. Consequently, research has delved into the utilization
of robots for counselling purposes [2], as well as the creation of robotic companions aimed
at enhancing the mental well-being of the elderly. Such robots are viewed as potential
substitutes for traditional human caregivers, addressing both companionship and care
requirements [3, 4].

This shift signifies a growing demand for emotional support from robots, in addition
to physical assistance. Meeting this need requires robots to extend beyond their physical
capabilities to include emotional and communicative functions. Effective communication
with humans necessitates robots not only understanding human behavior but also express-
ing emotions – a crucial aspect of natural human interaction. The capability of robots
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to convey emotions is deemed essential for fostering more predictable and relatable in-
teractions with humans, ultimately enhancing human-robot interaction. This progress is
anticipated to result in more meaningful and effective interactions between humans and
robots, bridging the gap between technological capabilities and human social needs [5].
While it is recognized that robots should possess the ability to express emotions, the

intricacy of most emotion expression mechanisms presents a challenge. These mechanisms
encompass various aspects such as facial expressions, body language, gestures, and speech
prosody. The high cost and complexity of current multi-modal systems indicate the need
for simpler robot designs. Studies have shown that these systems, while capable of con-
veying emotions, are resource-intensive and often prohibitively expensive, making them
impractical for widespread real-world application, especially in industries like nursing and
mental healthcare. For instance, [6] has shown that facial emotion recognition systems
used in Human-Robot Interaction (HRI) require high-end processing capabilities and ad-
vanced sensors, leading to increased costs and maintenance requirements. The complexity
of such systems often makes them prone to errors in uncontrolled environments, further
reducing their scalability. Meanwhile, [7] highlighted that deep learning models used for
real-time emotion recognition in robots can achieve high accuracy, but only under con-
trolled conditions, and they struggle with accuracy in dynamic, real-world environments.
In contrast, simpler designs – such as using color-based emotional expressions – elim-
inate the need for costly hardware while still effectively communicating a broad range
of emotions. Studies have demonstrated that non-verbal cues like color are effective in
conveying emotions and are significantly less resource-intensive [8, 9]. A substantial body
of research [10, 11, 12, 13] supports the idea that colors inherently convey emotions and
feelings, suggesting color as a more straightforward means for robots to express emotions
[5, 14, 15, 16, 17]. These studies indicate that by utilizing color, we can transform complex
robots into affordable mental companions, potentially aiding in the treatment of mental
health patients. By focusing on a more streamlined approach, our research aims to create
robots that are cost-effective, easy to maintain, and scalable for large-scale use in real-
world applications, particularly in healthcare settings where reliability and affordability
are critical.
However, two primary issues need consideration. Firstly, prior research predominantly

focuses on basic emotions, while there are still 24 extended emotions and additional dyads
[18]. Developing models to express these extended emotions and dyads could enhance
robots’ human-likeness. They would be able to convey subtle emotional nuances, fostering
greater comfort in communication and enhancing the overall human-machine interaction
experience.
The second concern relates to the cultural diversity in the interpretation of colors

[19, 20]. [19] highlights the varied cultural meanings attributed to yellow, ranging from
envy in Germanic cultures to purity and royalty in Chinese, and to happiness in Korean
contexts. The significance of white varies across cultures, highlighting the complexity of
color symbolism. In Japan, white symbolizes purity, cleanliness, and is commonly asso-
ciated with weddings and traditional aesthetics. However, in Vietnam, white is predom-
inantly linked to mourning and death, representing purity and spirituality but with a
strong association with mortality. These differences are critical in the realm of emotional
expression for robots, as color can significantly influence human perception and response.
In human-machine interactions, the incorrect use of color to express emotions could lead
to misunderstandings, misinterpretations, and ineffective communication. For instance,
using the color white to represent a positive emotion in Vietnamese culture could lead to
confusion, as white is traditionally associated with mourning and death. Thus, cultural
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sensitivity in color interpretation is crucial for ensuring robots can communicate emotion-
al states accurately and effectively across different cultural contexts. Misunderstandings
could not only reduce the effectiveness of the robot’s emotional expression but also harm
the trust and engagement between humans and machines. These cultural differences un-
derscore the need for research in this area, especially in countries like Vietnam, which
have significant potential for the deployment of mental health robots due to their large
population exceeding 100 million. Despite this potential, there seems to be a lack of inves-
tigation into color-based emotional expression models tailored to the Vietnamese context,
suggesting a promising avenue for future research that could improve the development of
culturally sensitive robots capable of emotional communication.

Moreover, existing research on color-based emotional expression in robots has predom-
inantly concentrated on populations outside of Vietnam [17, 21], prompting concerns
regarding the applicability of these models to diverse cultural contexts. This gap high-
lights the necessity of assessing these models with Vietnamese participants to verify their
effectiveness and appropriateness. Such validation is crucial for laying the groundwork
for future advancements in this domain.

As robots are increasingly deployed worldwide, adapting emotional expression models
to encompass a broader range of emotional and cultural nuances can greatly enhance
their practicality and acceptance in real-world settings. Customizing these models to
incorporate extended emotions and dyads, beginning with research in Vietnam, is vital
for the development of robotic companions that are empathetic and culturally attuned.

With the aforementioned motivations in mind, our research aims to investigate the
effectiveness of two models utilizing color to convey emotions and dyadic expressions.
Specifically, we explore two robotic emotional expression models:

1) Color with blinking features for extended emotions;
2) A model for expressing primary dyads through a two-color gradient approach.

These models are presented to research survey participants, and the gathered data un-
dergoes comprehensive analysis to assess the insights and effectiveness of the models. Our
research encompasses 170 participants, with each experiment engaging a unique, non-
overlapping participant group to ensure the validity and generalizability of our findings.

Our preliminary findings suggest that the approaches are effective in conveying extended
emotional states and dyads to some extent, without relying solely on traditional human-
like expressions. However, due to the intricate and subjective nature of color interpreta-
tions within the Vietnamese cultural context, there is potential for further improvement in
the models. This observation highlights the importance of conducting thorough research
into the role of color in Vietnamese communication, particularly concerning extended
emotions and dyadic expression, to develop a more precise and culturally sensitive color
model for robotic applications. Our research aims to deepen understanding of how Viet-
namese individuals interpret colors in practical contexts, laying the groundwork for future
investigations into specialized color-based models for emotion and dyadic expression tai-
lored to Vietnamese culture. The organization of this paper is as follows. Section 2 reviews
some related works. Section 3 introduces the extended emotions and their combinations
as dyads in the context of our research. Section 4 presents details on the models utilized
for expressing emotions and dyads through colors. The methodology, including the exper-
imental design and procedures, is outlined in Section 5. Findings from the experimental
phase are summarized in Section 6. A discussion of these results, their implications, and
insights derived from them are provided in Section 7. Section 8 discusses some potential
directions for future research in this domain. The paper conclude with Section 9, offering
final thoughts and observations.
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2. Related Works. Various methods exist for linking emotions with colors, with Plut-
chik’s framework [18] standing out as one of the most prominent. Plutchik’s research
illustrated that colors could represent basic emotions and, when blended, convey more
nuanced feelings. Initially, the author identified eight primary emotions: joy, acceptance
(later renamed trust [22]), fear, surprise, sadness, disgust, anger, and anticipation. By
assigning three levels of intensity to each emotion, a total of 24 extended emotions were
derived based on their fundamental emotion and intensity. Additionally, Plutchik intro-
duced the concept of a dyad, representing the combination of two primary emotions, to
capture more complex emotional states.
Numerous studies have investigated the use of colors to convey emotions in robots

[14, 15, 16, 17, 21]. Sugano and Ogata [14] developed a method where a robot’s head
color, along with other expressions, conveyed emotions such as fear (blue), anger (red),
and joy/anticipation (yellow). [15] introduced a technique involving head and cheek col-
ors, combined with facial expressions, to express emotions like anger (red head) and joy
(green head). However, their approach supplemented colors with other expression meth-
ods and lacked diversity in emotional range. [16] used a robot named Nao to depict eight
basic emotions through changes in eye color. [17] developed a model capable of expressing
24 emotions solely through dynamic color changes, facing challenges due to reliance on
average survey results and difficulty in distinguishing similar patterns. Tanaka et al. [21]
addressed these issues by integrating blinking and varied speech patterns to convey differ-
ent emotion intensities, consistently using the same colors for basic emotions to minimize
confusion.
As previously discussed, there is a notable gap in research focusing on employing color

to convey emotions in robots, particularly concerning dyads and the Vietnamese demo-
graphic.

3. Emotions and Dyads. Plutchik’s theory [18] likens emotions to colors, suggesting
a correlation between them. He identified eight primary emotions, each corresponding
to a primary color, and arranged them in a circular manner, akin to a color wheel.
These emotions, in sequence, are joy, acceptance (later renamed trust), fear, surprise,
sadness, disgust, anger, and anticipation. Emotions adjacent to each other on the circle
are considered similar, while those opposite each other are viewed as opposites, resembling
a hue ring. Each basic emotion is characterized by three levels of intensity, resulting in
a total of 24 extended emotions. These eight basic emotions and their corresponding 24
extended variations, distinguished by varying intensity levels, are outlined in Table 3. It
is important to note that our focus in this paper is specifically on exploring color-based
expression models for these 24 extended emotions.

Table 1. Patterns of anger and anticipation extracted from Table 3

Emotion Red Green Blue Period
Fear 150 255 100 1800

Surprise 0 230 255 625

Dyads are combinations of two basic emotions, with primary dyads formed by pairing
adjacent emotions on the circle. Secondary dyads arise from mixing emotions separated
by one other emotion, while tertiary dyads result from combining emotions two steps
apart. Table 2 lists these dyads across the three different levels. It is worth noting that
the combination of surprise and disgust remains undefined in Plutchik’s framework.
Plutchik observed that it is more difficult to conceptualize mixtures of emotions that

are further apart on the emotion circle compared to those that are closer. Consequently,
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Table 2. List of three level of dyads [18]. “Acceptance” can be referred
to as “Trust”.

Primary dyads Secondary dyads
joy + acceptance = love joy + fear = guilt
acceptance + fear = submission acceptance + surprise = curiosity
fear + surprise = awe fear + sadness = despair
surprise + sadness = disappointment surprise + disgust = ?
sadness + disgust = remorse sadness + anger = envy
disgust + anger = contempt disgust + anticipation = cynicism
anger + anticipation = aggressiveness anger + joy = prise
anticipation + joy = optimism anticipation + acceptance = fatalism

Tertiary dyads
joy + surprise = delight
acceptance + sadness = resignarion
fear + disgust = shame
surprise + anger = resentment
sadness + anticipation = pessimism
disgust + joy = morbidness
anger + acceptance = dominance
anticipation + fear = anxiety

secondary and tertiary dyads may be less precise than primary dyads. Hence, we pri-
marily focus on primary dyads at the moment. Based on Table 2, primary dyads include
aggressiveness, optimism, love, submission, awe, disappointment, remorse, and contempt.

4. The Models of Emotions.

4.1. The robot. Figure 1 shows the design of the robot that is used in the experiments.

Figure 1. Design of our robot

The connection between microcomputers and PCs relies on serial communication, facili-
tating data exchange between the two. Users interact with the system via a Graphical User
Interface (GUI) on the PC, offering various patterns to select from. Users are prompted
to choose either Experiment 1 or Experiment 2. In both experiments, users express their
extended emotions and dyads by pressing corresponding buttons on the interface. Each
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extended emotion and dyad is preassigned a specific value (detailed in Section 4.2), which
is then transmitted to the microcomputer. Upon receiving these values, the microcom-
puter triggers predefined parameters associated with each extended emotion or dyad. In
Experiment 1, the microcomputer interprets the received values and activates LEDs to
illuminate based on the selected emotions. For example, if a user selects “Annoyance”, the
LED corresponding to “Anger” lights up and blinks at the lowest speed level of a basic
emotion (see Figure 2). In Experiment 2, the microcomputer orchestrates a more dynamic
response. Instead of simply illuminating, the LEDs gradually transition between colors
based on the chosen dyads. For instance, if the user selects “Joy” and “Trust”, the LEDs
may slowly shift between colors for “Joy” and “Trust” to create a sense of “Love” (see
Figure 3). In summary, the interaction between the GUI on the PC, the microcomputer,
and the LEDs enables users to explore and experience the relationship between emotions
and visual feedback in two distinct experiments.

Figure 2. GUI for color control for Experiment 1

Figure 3. GUI for color control for Experiment 2
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4.2. Model of emotions. Following the approach outlined by [21], Table 3 summarizes
the emotions model utilized in this paper. The color names in the table adhere to the
Munsell color system, while the color parameters (R, G, B) represent the PWM control
values assigned to the common cathode LEDs.

Table 3. The model of 24 primary emotions

Basic emotion Emotion Color (R, G, B) Color name Period [ms]

Rage 300
Anger Anger (0, 255, 255) R (Red) 550

Annoyance 800
Vigilance 900

Anticipation Anticipation (50, 220, 255) YR (Yellow Red) 1300
Interest 1700
Ecstasy 750

Joy Joy (0, 150, 255) Y (Yellow) 1100
Serenity 1450

Admiration 1500
Trust Trust (150, 0, 255) G (Green) 2100

Acceptance 2700
Terror 1200

Fear Fear (150, 255, 100) PB (Purple Blue) 1800
Apprehension 2400
Amazement 500

Surprise Surprise (0, 230, 255) YR (Yellow Red) 625
Distraction 750

Grief 2500
Sadness Sadness (255, 255, 0) B (Blue) 3500

Pensiveness 4000
Loathing 1400

Disgust Disgust (50, 255, 150) RP (Red Purple) 2450
Boredom 3500

4.2.1. Model for extended emotion expressing using color blinking. This model is struc-
tured to express extended emotions through designated colors and varying blinking rates.
The color references provided in Table 3 adhere to the Munsell color system, while RGB
values are utilized to configure the PWM control parameters for the LEDs. With the con-
trol mechanism utilizing PNP-type transistors, a value of 255 (5 [V]) turns off the LEDs,
whereas a value of 0 (0 [V]) results in the brightest light emission. The construction
guidelines for this model include

• Assigning identical colors to emotions within the same fundamental category;
• Employing faster blinking rates for more intense emotions within each fundamental
emotion category;

• Ensuring that all emotions are visually distinguishable from one another.

4.2.2. Model for dyads expressing using color gradient. In addition to employing solid
colors, this model incorporates color gradient transitions between two basic emotions
forming a dyad, representing the 8 primary dyads. Initially, the robot displays the two
RGB colors corresponding to the combination of the two primary emotions outlined in
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Table 3. Subsequently, the model continuously adjusts these colors in a subtle manner,
generating a gradient effect.
In technical terms, dyads are depicted by blending two emotions through a gradient

transition between two colors. The transition in RGB values from the first color to the
second mimics a sinusoidal waveform. Specifically, the calculation for the RED component
is as follows:

RED =
RED1− RED2

2
sin

(

πi

180

)

+

(

RED1−
RED1− RED2

2

)

, (1)

where RED1 represents the red value of the first color, and RED2 is the red value of the
second color. The variable “i” ranges from 0 to 360. To depict the transition period, a
delay, denoted as WAIT [ms], is introduced before moving to the next value of “i”. WAIT
is determined by

WAIT =
PERIOD1− PERIOD2

360
, (2)

where PERIOD1 and PERIOD2 correspond to the periods of the first and second color
patterns, respectively.
For instance, to illustrate the emotion of awe, which is derived from the combination

of fear and surprise, the corresponding pattern is detailed in Table 1.

5. Experimental Setup. Two experiments are designed to evaluate the efficiency of
color-based models for expressing emotions and dyads among Vietnamese individuals.
Here is a summary of each.

• Experiment 1: This experiment examines the effectiveness of a model that solely
relies on colors to represent extended emotions.

• Experiment 2: This experiment assesses the effectiveness of a model that utilizes
color gradients to express dyads.

5.1. Participants. Participants for both experiments were selected based on specific
criteria to ensure relevance to the study’s focus on the Vietnamese cultural context. The
participant pool consisted of Vietnamese individuals aged between 18 and 24, with a
gender distribution of 70% male and 30% female, and all participants had no known visual
impairments. This age range was chosen because younger individuals are more likely to
be familiar with digital communication methods, making them well-suited to interpret
emotional cues presented through visual media, such as color gradients. The participant
pool consisted of both male and female individuals, ensuring gender diversity, although
it remains a relatively homogeneous sample in terms of nationality. These experiments
are conducted remotely through an online survey platform to ensure accessibility and
convenience for the participants, who are expected to be proficient in computer usage. All
experiments were conducted in a controlled environment to minimize external influences
on participants’ ability to perceive and interpret the emotional cues presented through
color gradients. Participants were asked to perform the tasks in a quiet room with neutral
lighting, ensuring that their focus remained on the visual stimuli. Although the controlled
setting helped in maintaining consistency across trials, it is important to note that real-
world environments, where lighting and distractions vary, may influence how effectively
participants interpret these emotional cues. To minimize biases from prior knowledge or
assumptions, separate sets of participants are used for each experiment. In total, 170
participants take part across both experiments. They are presented with video recordings
of robots displaying various emotion and dyad model scenarios and are then asked to
respond to the provided questions.
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5.2. Experiment design. In the two aforementioned experiments, we examined the ef-
ficacy of utilizing color, blinking, and gradients as means for robots to convey emotions,
specifically focusing on Vietnamese cultural perceptions. Each extended emotion was
linked with a specific color and blinking rate, and participants were tasked with identifying
the emotions conveyed by the blinking colors exhibited by the robot. This approach aimed
to assess the inherent association between particular colors and emotional states among
Vietnamese participants. In Experiment 1, three extended emotions derived from a single
basic emotion were simultaneously presented, utilizing color-blinking videos. Participants
were provided with information about the basic emotions (e.g., Anger, Joy, and Fear) but
not the specifics of the extended emotions. They were then required to determine which
video corresponded to which extended emotions. For instance, within the “Anger” group,
they might need to discern, “Video 1 represents Anger, Video 2 represents Annoyance,
and Video 3 represents Rage”. There were a total of 8 questions, corresponding to 8 groups
of extended emotions.

In Experiment 2, we utilized color gradients to represent the eight primary dyads.
For example, to represent “Love”, we use transition between yellow for “Joy” and green
for “Acceptance”, as shown in Figure 4. Participants evaluated each pattern based on
the eight primary dyads using a five-point scale (5. Very-suited, 4. Suited, 3. Not-sure,
2. Not-very-suited, 1. Not-suited). Subsequently, the next pattern was displayed in a
randomized order. The experiment concluded after all eight patterns had been presented.
Participants rated their perception of the displayed emotion across eight distinct dyad
categories on a scale from 0 to 5. For instance, when presented with the color yellow and
green transitioning, typically associated with love, a participant might assign ratings such
as 4 for “Love”, 2 for “Awe”, and 1 for “Remorse”.

Figure 4. (color online) Representation of “Love” dyad

6. Experimental Results. All the experimental results are calculated as the ratio of
participants who selected a specific evaluation emotion/dyad out of the total number
of participants for a given studied emotion/dyad. This ratio provides insight into how
closely the participants’ interpretations of the dyads align with the intended emotional
expressions. By analyzing these ratios, we can assess the effectiveness of the color gra-
dients used to represent various dyads and identify any potential areas of confusion or
misinterpretation in the model.
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6.1. Experiment 1. The results of Experiment 1 are succinctly illustrated in Figures 5
and 6. Figure 5 shows emotion groups that the model fails to represent. Figure 6 sum-
marizes emotion groups that the model represents well. These heatmaps show the aver-
age ratings given by 80 participants for each emotion. The y-axis indicates the intended
emotion (studied emotions), while the x-axis represents the participants’ interpretations
(evaluation emotions). The survey results presented in the figure suggest a clear pattern in
the participants’ ability to accurately identify moderate emotional expressions, while more
pronounced difficulty is evident in distinguishing between nuanced variations of extended
emotions conveyed by a robotic interface. Specifically, in Figure 5, the normal blinking
speeds generally garnered higher correct identification rates, with 81% for “Anger”, 76%
for “Joy”, and 70% for “Trust”, indicating a robust association between these moderate
emotional states and their respective visual representations.

(a) Extended Anger (b) Extended Anticipation

(c) Extended Joy (d) Extended Trust

Figure 5. Emotion groups that the model fails to represent

However, the interpretation of extended emotions at varied blinking speeds reveals sig-
nificant discrepancies. For instance, within the “Anger” emotion group, while the normal
blinking speed accurately conveyed “Anger”, the fast blinking intended to depict “Rage”
was predominantly misinterpreted as “Annoyance” by 62% of participants. This could
indicate either an ineffectiveness of fast blinking to signify increased emotional intensity
or a cultural-specific perception of blinking patterns.
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(a) Extended Fear (b) Extended Surprise

(c) Extended Sadness (d) Extended Digust

Figure 6. Emotion groups that the model represents well

Similarly, in the “Joy” group, while “Joy” itself at a normal blinking speed was accu-
rately identified (76%), the fast blinking intended to express “Ecstasy” was interpreted as
such by only 38% of participants. The slow blinking rate intended for “Serenity” showed
a moderate identification rate of 50%, suggesting a partial but not complete alignment
with participant perceptions.

The “Trust” group also displayed a moderate degree of accuracy, with “Trust” itself at
a normal rate achieving a 70% correct identification rate. However, the variations such
as “Admiration” at fast blinking and “Acceptance” at slow blinking were less accurately
perceived, with 38% and 40% correct identification, respectively.

These findings illustrate that while moderate emotions are relatively well-understood
and accurately linked to their visual cues, extended emotions, particularly at varied blink-
ing speeds, tend to be misunderstood or misclassified. This could point towards the ne-
cessity for more refined or culturally specific calibration of visual cues in robotic systems
to enhance the conveyance of a broader spectrum of emotions, particularly for those at
higher or lower intensities than the moderate baseline.

The results in Figure 6 highlight a more successful alignment between participant per-
ceptions and the intended emotional expressions conveyed through color and blinking
speeds in robotic interfaces, particularly within the groups of Fear, Sadness, Surprise,
and Disgust.
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In the “Fear” emotion group, the participants accurately identified “Fear” at a normal
blinking rate with a high correctness score of 86%, and “Terror” at a fast blinking rate
achieved a moderate success rate of 57%. Interestingly, the slower blinking, intended to
represent “Apprehension”, saw a significant correct identification rate of 57%, suggesting
that slower blinking speeds may effectively convey a sustained state of fear.
The “Sadness” group also showed strong results, especially for “Sadness” at a normal

blinking rate, which achieved a 70% accuracy. This suggests that participants could reli-
ably discern a moderate, reflective state of sadness. “Grief”, depicted with fast blinking,
was recognized correctly by 49% of the participants, while the slow blinking associated
with “Pensiveness” again showed a notable correctness of 57%.
In the “Surprise” group, the normal blinking rate accurately conveyed “Surprise” itself

with a high correctness score of 78%, demonstrating effective communication of sudden
emotional shifts. Slow blinking, meant to represent “Distraction”, was also well-recognized,
with a correctness rate of 69%.
Lastly, the “Disgust” group showed distinct effectiveness in conveying “Disgust” at a

normal blinking rate, with a correct identification rate of 78%. This suggests a strong
participant alignment with the visual cues intended to represent a clear aversive reaction.
The slow blinking rate for “Boredom” was also significantly recognized with an accuracy
of 60%.
These results suggest that the model employed for these emotion groups effectively

utilized the blinking rates and associated colors to convey both intense and moderate
emotional states. This alignment between robotic expressions and human perception un-
derscores the potential for robotic systems to communicate complex emotional states
effectively, particularly when the cues are appropriately matched with culturally and con-
textually understood signals.

6.2. Experiment 2. Experimental results for Experiment 2 is summarized in Figure 7.
These heatmaps show the average score given by 90 participants for each dyad. The y-axis
indicates the intended dyads (studied dyads), while the x-axis represents the participants’
interpretations (evaluation dyads). Figure 7 provides a comprehensive visualization of how
participants in Experiment 2 perceived various emotional dyads through color gradients,
indicating a wide range of interpretations and alignment with intended emotional expres-
sions. Each cell in the heatmap represents the average score assigned by participants to
a given color gradient with respect to its intended emotional dyad, revealing insightful
patterns about the subjective perception of emotions conveyed through visual stimuli.
Among the successful conveyances, “Aggressiveness” was recognized with a high degree

of accuracy, receiving an average rating of 1.97, which illustrates effective communication
through the employed visual cues. Similarly, the strong alignment of 1.80 suggests that the
color gradient used for “Love” was well-selected, resonating clearly with the participants
and confirming the gradient’s suitability for conveying positive emotions. “Submission”
and “Optimism” also received high ratings of agreement among participants, with scores
of 1.12 and 1.14, respectively.
However, it is also important to observe how “Love” and “Optimism” were perceived

in relation to each other. The score for interpreting “Love” as “Optimism” is 1.81, and
vice versa it is 0.92. This overlap suggests that the visual cues used to represent “Love”
and “Optimism” may carry a positive emotional valence that overlaps. This result could
indicate either a successful broad appeal of the color gradient used, resonating with general
positive emotions, or it might highlight a need to differentiate more clearly between these
specific emotional states to avoid conflating distinct but related feelings.
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Figure 7. The result of Experiment 2

Significant misalignments were also evident, highlighting challenges in the methodologi-
cal approach. For instance, “Disappointment” (as studied) and “Remorse” (as evaluated)
received an average score of 1.11 and the opposite direction received the rate of 1.20,
indicating substantial confusion among the participants. This score, one of the highest
among non-diagonal entries, suggests that the visual representation intended for “Disap-
pointment” was strongly misperceived as “Remorse”. This result calls into question the
distinctiveness of the color gradients used, emphasizing the need for more differentiated
color schemes to prevent the overlap of emotional signals.

Additionally, other dyads, such as “Remorse” and “Disappointment”, saw moderate
to low scores even when correctly aligned, receiving scores of 1.07 and 0.96, respectively.
These results indicate that, while certain emotions like “Aggressiveness” can be effectively
conveyed, others require a more nuanced approach to enhance their perceptual distinct-
ness and emotional clarity. The overall analysis of the heatmap demonstrates that while
some emotional dyads are successfully communicated through color gradients, others are
prone to misinterpretation or insufficient clarity. This variance underscores the complexity
of using visual cues for emotional conveyance and points to the necessity for ongoing re-
finement in the selection and combination of colors to better match the intended emotional
outputs. The insights from this experiment are crucial for improving visual communication
strategies in areas ranging from marketing to interface design, where accurate emotional
expression is key.

The ANOVA test results for this experiment are presented in Table 4. The results
from a one-way Analysis of Variance (ANOVA) are performed in Experiment 2, detailing
the statistical significance of differences in participants’ ratings across various emotional
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Table 4. Results of one-way analysis of variance (ANOVA) for Experiment 2

Dyads P-values Dyads P-values

Love 1.13× 10−20 Submission 2.61× 10−11

Awe 1.76× 10−8 Disappointment 1.97× 10−4

Remorse 3.22× 10−10 Contempt 4.46× 10−5

Aggressiveness 1.29× 10−4 Optimism 1.54× 10−17

dyads. The P-values listed reflect the likelihood that the observed differences in ratings
for each dyad occurred by chance. The results show extremely low P-values for all the
emotional dyads tested, indicating highly significant differences in how participants rated
the color gradients intended to represent these emotions. For instance, the dyad “Love”
shows a P-value of 1.13 × 10−20, suggesting a statistically significant variance in the
perception of this emotion across different presentations or conditions. This could imply
that participants responded to “Love” with varying levels of agreement or disagreement
about the effectiveness of its color gradient representation.
Similarly, “Optimism” demonstrates a strikingly significant variance with a P-value

of 1.54 × 10−17, underscoring that the visual representation of optimism was perceived
differently across different trials or by different participants. This significant variance could
be due to variations in the color gradient’s ability to consistently convey optimism, or it
might reflect a broader range of interpretations among participants about what color best
represents this emotion.
Other dyads like “Awe” and “Remorse” also showed significant differences in participant

ratings, with P-values of 1.76 × 10−8 and 3.22 × 10−10, respectively. These values affirm
that the visual cues intended to represent these emotions led to varied perceptions, which
could be influenced by personal experiences, cultural differences, or the subtlety and
complexity of the emotions themselves.
The ANOVA results for “Aggressiveness” and “Disappointment” with P-values of 1.29×

10−4 and 1.97 × 10−4, respectively, although slightly higher than others, still indicate
significant differences in perception. These findings highlight the challenges in creating
universally understood visual representations of such complex emotions.
Overall, the consistently low P-values across all tested dyads in Table 4 strongly sug-

gest that the color gradients used in the experiment significantly impacted participants’
emotional perceptions, indicating effective but varied conveyance of each intended emo-
tional dyad. These results provide a robust statistical foundation to further explore and
refine how colors can be optimized to communicate specific emotions more clearly and
effectively.

7. Discussion.

7.1. Discussion on experimental results. This paper explored the potential of using
color-based models for the expression of emotional dyads in robots, particularly within
the Vietnamese cultural context, utilizing two distinct experimental setups. Experiment
1 focused on color and blinking patterns to express extended emotions from a single basic
emotion. Results indicated that while moderate emotional states such as “Anger” “Joy”
and “Trust” were generally well recognized, especially at normal blinking speeds, the
nuances of more intense or subtle emotional states often eluded clear identification. This
points to an inherent challenge in using simple visual cues like blinking speeds combined
with color to effectively convey the full spectrum of human emotions, suggesting that
adjustments or more intricate visual strategies may be required.
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Experiment 2, which utilized color gradients to express primary dyads, further empha-
sized the complexity of emotional representation through color. While certain dyads like
“Love” and “Optimism” were successfully communicated, receiving high recognition scor-
es, others like “Disappointment”, which was often misinterpreted as “Aggressiveness”,
demonstrated significant misalignments. These misinterpretations may be attributed to
overlapping visual or emotional cues that the color gradients inadvertently presented,
highlighting the nuanced influence of cultural perception on color interpretation. While
color gradients are effective for representing simple emotions, expressing dyads presents
unique challenges. The transition between two distinct colors can create visual ambiguity,
as the blended hues may fail to clearly convey the intended emotional mix. Additionally,
the emotional intensity of each individual color may be diluted in the gradient, making it
more difficult for participants to identify both emotions equally. For example, the gradi-
ent representing “Contempt” (a combination of “Disgust” and “Anger”) might result in a
color that lacks the distinctiveness of either emotion, leading to interpretation challenges.
These findings underscore the difficulty in using simple gradients to communicate more
complex emotional states and the importance of accounting for cultural variations in color
perception.

7.2. Cultural adaptability. The mixed results from both experiments underscore the
variability in emotional perception mediated by color, reflecting the intricate interplay
between cultural context and emotional communication. These outcomes emphasize the
necessity for a more refined approach in the deployment of color in robotic emotion ex-
pression systems, particularly when addressing a culturally diverse audience such as in
Vietnam. The considerable variance in how different emotions and dyads were perceived,
as highlighted by the ANOVA results, suggests that future models need to consider not
only the emotional but also the cultural dimensions of color perception.

While this study focuses on the Vietnamese cultural context, it is important to consider
how the proposed color-based emotional expression model could be adapted to other
cultures. Cultural differences in color interpretation can significantly impact emotional
communication. For example, the color white, which signifies mourning and death in
Vietnamese culture, represents purity and peace in Western cultures. Similarly, colors like
yellow may carry different emotional connotations across cultures (e.g., Joy in Western
societies but Jealousy in others).

To ensure the broader applicability of the model, future research should explore how
these color gradients and emotional associations are perceived in other cultural contexts.
Studies such as those by [23] have shown that cultural variations in non-verbal cues
can alter emotional interpretations in human-robot interactions. It would be beneficial
to extend this research by conducting cross-cultural experiments to evaluate whether
the dyads and primary emotions expressed through color gradients retain their intended
meaning in diverse environments. The potential adaptability of the model will be tested
by exposing participants from various cultural backgrounds to the same color gradients
and comparing their emotional interpretations.

8. Future Work. Future research should aim to deepen our understanding of the cultur-
al implications of color in emotional expression and refine color-based models to improve
their specificity and cross-cultural applicability. It is critical to expand these studies to in-
clude a wider range of emotional states and test these models in diverse cultural settings.
Such research will be essential for advancing the field of robotic emotional communica-
tion and ensuring that the models are adaptable across different cultural contexts. For
instance, exploring how color interpretations vary across regions and adjusting the model
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accordingly could significantly enhance the robot’s ability to communicate emotions uni-
versally. In particular, we plan to investigate how different regions of Vietnam (North,
Central, and South) interpret colors, and how these regional variations in color perception
may influence emotional expression. By refining the color system based on these findings,
we aim to develop a culturally-specific color model for Vietnamese users, potentially cre-
ating a new framework for robotic emotional communication.
In addition to focusing on color, future research should investigate the use of vocal

bursts – non-verbal sounds such as sighs, laughter, or gasps – combined with color gradi-
ents for a multimodal emotional expression system. This combined approach would allow
for a more nuanced representation of complex emotions, such as dyads. For example,
while a gradient transition from yellow (Joy) to green (Trust) may visually convey “Love”
pairing it with a soft, soothing vocal burst could enhance emotional clarity and reduce
ambiguity. Similarly, a color gradient representing “Contempt” (“Disgust” and “Anger”)
could be paired with a sharper, more intense vocal burst to emphasize the conflicting emo-
tional states. This multimodal combination of visual and auditory cues could significantly
improve the accuracy and depth of emotional communication in robots.
Moreover, expanding the participant pool to encompass individuals from various age

groups, educational backgrounds, and cultural contexts will be crucial for assessing the
generalizability of the findings beyond the Vietnamese demographic. Testing the model
with participants from a variety of cultural backgrounds will provide valuable insights
into how well the combined color and vocal burst system communicates emotions across
different regions. We will also compare cross-cultural differences in emotion interpreta-
tion, ensuring that our models can adapt to diverse settings, both within Vietnam and
internationally.
It will also be important to investigate the influence of the experimental environment

on the results, as varying environmental factors may impact participants’ interpretations.
Factors such as lighting, background noise, or the presence of distractions could alter
how participants perceive and interpret both visual and auditory cues. Ensuring that the
model is robust enough to function effectively in dynamic, real-world environments will
be a key challenge for future studies.
Finally, a broader exploration of how these multimodal systems are interpreted across

cultures will be essential to determine whether the integration of vocal bursts enhances
or complicates emotional interpretation in different regions. By incorporating both visual
and auditory elements into the emotional communication model, researchers can signifi-
cantly enhance the emotional expressiveness of robots, making them more relatable and
capable of nuanced interactions in diverse cultural settings. Additionally, the future de-
velopment of a Vietnamese-specific color system will allow for more precise emotional
communication, enhancing the robot’s ability to engage with users across various cultural
backgrounds, starting with a deeper understanding of regional color perception within
Vietnam.

9. Conclusion. In this paper, the exploration of color-based models for expressing emo-
tions and dyads in robots has demonstrated both the potential and limitations of this
approach within a Vietnamese cultural context. The paper confirmed that while cer-
tain emotional expressions, particularly those associated with positive emotions, can be
effectively communicated through color gradients, more work is needed to refine the rep-
resentation of complex emotional dyads and culturally nuanced expressions.
This research paves the way for the next generation of culturally competent robotic

companions that can engage in more meaningful and emotionally resonant interactions
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with users from diverse backgrounds, ultimately enhancing the integration of robots into
daily life and mental health support frameworks.
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