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ABSTRACT 

Color is a characteristic of human visual perception that is 
present in everything. However, colors are not just 
perceptions, they are connected to a psychological meaning 
influenced by culture, context and social factor. In this 
study, a 2D model of colors emotions classification was 
created based on the neurophysiological signals, picked up 
from BITalino device, and another 2D model of colors 
emotions classification based on users rating through two 
Self-Assessment Manikin scales. Comparing both models 
we find that there is only one color, gray, to which the same 
emotion is attributed, the other colors have very different 
values of valence and arousal between models, even being 
assigned opposite emotions from one model to another, as it 
is the case of yellow, purple and orange. Furthermore, 
white, for instance, has been self-reportedly associated with 
peace but neurophysiological signals showed its relation 
with boredom, suggesting its use with caution in user 
interfaces. It was concluded that the classification of 
valence and arousal of colors by neurophysiological signals 
is more accurate and correct compared with self-reported 
emotion classification regarding color because the users 
opinion it can be influenced by the context and culture.  
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INTRODUCTION 
Color is a fundamental aspect of human perception, and it is 
an inseparable feature of our environment because color is 
present in everything. The definition of color is difficult and 
complex, because it is related to both physical and 
psychological questions. Color is a complex perception of 
the brain that is influenced by many factors, specially 
within context and culture. Emotions are connected with 
colors and this association is not as clear as the association 
of color to a concept, like in color theories. Colors always 
had importance in the History of Men. Color psychology is 
widely used in many contextualized systems, in order to 
influence the behavior of people. The main goal of this 
study is to create a color emotion classifier model that 
based on neurophysiological response associates emotions 
with different colors presented to the user in an interface. 

In this way, this study provides a set of guidelines on the 
cognitive effect of color in Human-Computer Interaction. 
The color emotion classifier model aims to develop a model 
capable of attribute emotions to colors taking into account 
the valence and arousal obtained from users 
neurophysiological response. This study was an attempt to 
improve human-computer interaction. 

 
BACKGROUND 

Light is an electromagnetic radiation that represents a 
portion of the electromagnetic spectrum. This 
electromagnetic radiation is characterized by a wavelength 
and an intensity. Visible light is a term that we use to 
identify the wavelength range that the human eye can 
capture (between 380 and 750 nanometres). Human eyes 
have two main photoreceptor cells, rods and cones [2], that 
convert light energy into neural impulses that are sent to the 
brain. The cone cells are responsible for color vision and 
rods are responsible for brightness perception.  

The human eye has three types of cones (S-Cones, M-
Cones and L-Cones) each one is sensitive to a different 
wavelength, that corresponds approximately to red, green 
and blue, resulting in the Young-Helmholtz trichromatic 
color theory, also known as the theory of color vision. 

However, when the human eye does not present one or two 
of these cones or when these cells have a deficiency, causes 
Color blindness that is a visual distortion that can be 
categorized into three groups: monochromacy, dichromacy 
and trichromacy. 

Color model is a mathematical concept to describe color. 
Color models are also correlated with color space, the form 
in which color is organized, in other words, color space is a 
mapping function to represent a color model. The color 
space is the way that allows us to distinguish the different 
models among them. 

The RYB model is a subtractive color mixing model, that 
became the foundation of theories of color vision and was 
fundamental in the studies of color vision, at this time. n 
order to obtain a model that was closer to the human eye 
vision and to create a model that can be used in the display 
of images in electronic systems, the RGB model was 
created, based on Young–Helmholtz theory of trichromatic 
color vision [11]. The secondary colors of RGB model 



originate the colors of CYMK model, this is a subtractive 
color model that can be viewed as the inverse of RGB color 
space and is used in printer system. 

As models are not particularly easy to use, because there is 
not a direct correlation with the color notions of hue, 
saturation and brightness, it was created the HSV model. 
Although anyone of this color models provide perceptual 
uniformity, so in order to solve this problem a new color 
space was created, CIE. 

Color is an intrinsic characteristic of we see, every visible 
object has a perceived color. Colors are one of the concepts 
that our educators and relatives instruct about in our 
childhood, when painting with colored pencils. After that 
they start to introduce the concept of blending color, in 
order to obtain other colors from primary colors. We 
formulated metal models to help us in recognition of this 
information and patterns, and color perception is highly 
influenced by the environment and culture of each country 
[6]. Color is a perceptual experience which visual stimulus 
are processed by the human perceptual system. Color has an 
important role in our society, some researchers defend that 
color is not just associated with a context, but it is also 
associated with a cultural meaning, because different 
cultures believe in different things [7]. 

Color psychology is the study of hues as a determining 
factor for human behavior. This feature of color is 
determinant to the human behavior. In this area color is 
associated with a meaning, cultural factors or specific 
emotions. Color psychology is also an important factor in 
marketing and branding. In marketing, color has an 
important influence, because it can be used to induce 
emotions on the consumers perceptions of goods and 
services. 

In order to associate emotions with color, 
neurophysiological signals such as EEG, EDA and BVP 
can be used, which, through the conversion of these signals, 
the valence and arousal values associated with an emotion 
can be obtained. In order to describe emotional experience 
valence and arousal can be used. Emotional valence is 
positive or negative affectivity, it can be defined by a 
bipolar scale with a continuous dimension from 
pleasantness to unpleasantness. For example, “Fear” is a 
negative valence and “Joy” is a positive valence. Arousal 
measures how calming or exciting is the situation, this 
measure is related to emotional intensity. For example, 
“Angry” is a high arousal value and “Boring” is a low 
arousal value. 
 

RELATED WORK 

In the area of neuroscience many studies have been 
developed in order to understand what are the factors that 
influence the meaning of color and how emotions can be 
connected with human visual perception. Several 
conclusions have been drawn from these studies, the 

majority of them with regard to the fact that color is 
influenced by the context in which it is inserted, culture of a 
country or social factors. 

In order to explore the effect of color on cognitive task 
performances, Mehta and Zhu [8] performed six studies 
focused on two primary colors, red and blue. With these 
studies they seek to demonstrate that different tasks, with 
different colors, activate different motivations and 
consequently enhance performances on different types of 
cognitive tasks. In this study, they only manipulated one of 
the three dimensions of color, the hue dimension. 

What these results suggest is that depending on the nature 
of the task, using the color associated with the task might be 
beneficial. For example, if it is a task that requires people’s 
vigilant attention, then red, if it is a task that requires 
creativity and imagination, then blue. Other similar studies 
have reached similar conclusions. 

Emotions are strongly connected with colors. To explore 
that many studies have been done in this area. 

Geslin et al. [3] performed a study where they explore how 
color properties can be used to elicit emotions in video 
games. Their theory is that the chromatic stimuli intensity, 
brightness, and saturation of a video game environment 
produce an emotional effect on players. 

The results of the study shows that there is a significant 
correlation between luminance, saturation, lightness, and 
the emotions of joy, sadness, fear, and serenity experienced 
by participants viewing 24 video game images. It is also 
showed a strong correlation between the colorimetric 
diversity, saliency volume, and stimuli conspicuity and the 
emotions expressed by the players. However, they 
recognize that the thresholds of emotional activities are also 
linked to the personal experiences of each player, so it can 
change from player to player. With all these conclusions, 
the authors designed a circumplex model that aimed for 
game designers to develop emotional color scripting. This 
model is represented in figure 1. 

The aforementioned studies show that color does not have a 
specific associated meaning. The meaning or psychology of 
color depends on culture, context and social factors. 
However, colors are also influenced by emotions: there is a 
strong connection between color and emotions, but this 
connection, like color itself, is also influenced by context 
and culture. Some techniques that were used in these 
studies were used in this project, like brain analysis, 
questionnaires, color association with culture and context, 
and also the study of the relationship between color and 
emotions.  

The studies analyzed have been done a meaningful work in 
the area of color emotions, however the researchers did not 
explore this theme as it was explored in this study. The 
innovation of this is in the analysis of neurophysiological 
responses that allows us to analysis clear information that 



was not influenced by any factor, comparing with all the 
studies that have been made that gather the information 
through questionnaires.  

 
Figure 1. Geslin circumplex model for color scripting in video 

game. 

 
APPROACH 

This study consists in the creation of a color emotion 
classifier model that attribute emotions to the colors of an 
interface according to the neurophysiological response of 
the users. These indicators are captured by BITalino, that is 
a device that reads heart rate, respiratory rate, galvanic skin 
response and brainwaves. With this device, tests with users 
were performed, in order to study the response of the user 
relatively to a certain color interface. The creation of the 
color emotion classifier model was an incremental and 
iterative process which went through several phases, that 
passed by the creation of a model, user tests and the 
analysis of the results. 
 

Apparatus 

The device used for gathering neurophysiological 
measurements was the BITalino, as represented in figure 2. 
This device includes: 2 EEG pre-frontal channels, 1 Pulse 
Sensor, 1 Galvanic Skin Response Sensor, 1 
Electrocardiographic Sensor and 1 USB Dongle. The 
BITalino is able to read: Heart Rate (HR), Interbeat Interval 
(IBI), Heart Rate Variability (HRV), Respiratory Rate 
(RR), Galvanic Skin Response (GSR), Low-Frequency 
Band (LF-HRV) and High-Frequency Band (HF-HRV). 
The delta (0,5-4Hz), theta (4-8Hz), alpha (8-12Hz), miu, 
beta and gama (15-30Hz) are the band brainwaves that this 
device can detect.  

BITalino was the device chosen for the realization of this 
study because it is an easy-to-use device, in which it is not 
necessary that the person who manipulates BITalino has to 
have a deep knowledge of neuroscience. Another reason is 
that this device has a reduced number of sensors and 
electrodes, which turns out to be a less intrusive device for 

the user, trying to minimize any influence due to the 
placement of the sensors in the user. BITalino is also an 
affordable device and was considered as one of the most 
qualified devices for this study and also because it belongs 
to a Portuguese company, Plux, which allowed to contact 
directly with the technical support to request help for the 
manipulation of the device and also for the processing of 
the data captured by it. 

 
Figure 2. BITalino. 

 

Software 

For the accomplishment of this study several programs with 
different proposes were used. These include: 

• OpenSignals program was used in this study with the 
objective of capturing the biosignals from multiple 
channels of BITalino. 

• BioSSPy was used to process the data from 
OpenSignals, because the data that comes from 
Opensignals represent the frequency of the 
neurophysiological signals. This program analyzed 
and processed in order to obtain interpretive data for 
the classification of valence and arousal. 

 

Interface 

For this study we created a simple and appealing interface 
that did not have too much information exposed so that the 
background color was the most prevalent characteristic of 
the interface for the users.  

Initially, it was asked to the user to select the language in 
which to respond to and interact with the interface. The user 
is presented with two flags, the flag of Portugal and the flag 
of the United Kingdom, and he has to select the flag in 
order to choose the Portuguese or English language, 
respectively. 

After the selection of the language, a small informative text 
describing the purpose of the study and a description of the 
questionnaire to which they that they should answer is 
presented. 

In the tests with users is very important to characterize 
them, so to simplify the work we decided to introduce a 
small user characterization form in the interface, asking for 
basic information of the user. On the form the user was 
asked: Gender, Age, Nationality, Country of residence, 
Education degree, and Occupation.  



Since our study is about colors and emotions, we want that 
the users who participate in the tests do not be color blind. 
For this, in addition to the small characterization form, the 
users were asked to perform a set of 10 tests of Ishihara 
boards, in this small test was asked to user to write the 
number he saw on the Ishihara board, in case he did not see 
anything answered “nothing”. 

After the characterization form and the Ishihara boards is 
presented to the user a sequence of questionnaires that use 
Self-Assessment Manikin to perceive the users emotional 
state in relation to the background colors that are being 
presented. With this study, we intended to create a 
comparison between what the user thinks he is feeling 
about the color he is visualizing, and what he is really 
feeling, so we decided to use the Self-Assessment Manikin 
scales (one valence scale and one arousal scale). Through 
the neurophysiological signals, we can capture the values of 
valence and arousal that the user is really feeling about the 
color he is visualizing. 

The Self-Assessment Manikin scale for valence is 
represented in figure 3 and for arousal is shown in figure 4. 
Every time that users were asked to rate a background color 
the following questions were asked for the valence scale 
“What kind of emotion do you feel about the background 
color?” and for arousal scale “How intense is the emotion 
you feel about the background color?”. These scales present 
values from 0 to 8 and are represented by images 
characterizing these values. [1] 

 
Figure 3. Self-Assessment Manikin valence scale. [1] 

 
Figure 4. Self-Assessment Manikin arousal scale. [1] 

In order to simplify the study but at the same time to cover 
the maximum of possible colors for analysis of the 
emotions, we decided to consider the set of 12 colors of 
Colin Ware. These colors, represented in figure 5, are 
black, blue, brown, cyan, green, gray, orange, pink, purple, 
red, white and yellow [10]. 

 
Figure 5. The set of 12 colors selected for the study. 

 

Figure 6 shows an illustration of the graphical aspect of the 
interface when the user is asked to classify the background 
color. This process is repeated 12 times so that the user 
classifies the 12 colors selected for this study. 

 
Figure 6. Interface: classification form regarding the 

background color. 

 

So that the main focus of the user was only relative to the 
background color, the only thing that changed at the 
interface when a user had just classified color valence and 
arousal was the background color, the position of the 
questions and the Self-Assessment Manikin scales remained 
the same, drawing the attention of the user only to what was 
changing in the interface (background color). 

In the end, a message of thanks to the user for his 
participation in this study appears. 

This interface was created using web technologies such as 
HTML, JavaScript and CSS. 
 
 

Evaluation methodology 

User tests were performed in a controlled environment as it 
was intended to minimize the number of errors and to avoid 
the maximum interferences outside the tests since during 
the user tests neurophysiological systems were being 
collected. In this way all tests were performed in the same 
room, in a laboratory inside campus Alameda, in Instituto 
Superior Técnico, ensuring that all users performed the tests 
in exactly the same conditions. 

During the tests the room was isolated from the outside, in 
order to avoid distractions. To correctly pick up the EEG, 
EDA and BVP values from the sensors the room was air-
conditioned to avoid high temperatures inside, the 
temperature was kept between 21ºC and 23ºC to prevent the 
electrode gel from melting and displacing the sensors or 
data corruption. The room had the same display and the 
same ambient light during all the tests. 

The users for the tests were recruited through standard 
procedures, which included ads on social networks and by 
direct contact. Users included anyone interested in 
participating in this study. Each participant was asked to 
sign a consent form to allow the collection of their 
neurophysiological data and personal information. 



As the focus of this study is the color it is important to try 
that all users see the 12 colors in the same way, as such was 
used the same computer for all tests. For the user 
interaction interface was used a MacBook Pro Retina 15” 
Mid 2014, Intel Core i7 2.2GHz, 16GB 1600MHz DDR3, 
Intel Iris Pro 1536MB. 

Before performing the tests, the computer screen was 
calibrated, using ColorSync Utility, to make sure that the 
colors were exactly the ones that were chosen for the study. 

In the beginning of the test it was explained to the users the 
purpose of this study and the sensors of the BITalino were 
placed in the user. 

In order to capture EEG signals, BITalino has three gel 
electrodes. Brain activity is measured by the difference 
between the activity of the brain hemispheres, so it is 
necessary to position the electrodes strategically. Thus two 
of the electrodes were placed in the prefrontal area of the 
brain (forehead) approximately above the eyes, the other 
electrodes were placed behind the earlobe on the left side of 
their neck, because this electrode serves as a neutral sensor 
and in this zone there is no brain activity. The other two 
electrodes were used to capture the EDA signals. These 
electrodes were positioned in the palm of the left hand, near 
the thumb, with a band to help keeping them in place. 
PulseSensor was used to capture the heartbeat. This sensor 
has an earplug that was attached to the left earlobe. All 
these electrodes and sensors were connected to the BITalino 
through wires, thus the BITalino was placed on the table 
behind the user so that all wires connected to the device did 
not interfere with the user. 

In addition to the electrodes and sensors were also placed 
headphones on the user so they did not capture any noise in 
the room that could interfere with the test. 

Before users started the color classification in the interface, 
they were asked to rest for five minutes to record the 
neurophysiological data corresponding to a relaxation 
stimulus, in order to use this data as control. To induce a 
sense of relaxation in the users during the five minutes they 
were looking at a set of images, displayed in figure 7. The 
images chosen belong to the International Affective Picture 
System (IAPS) [4][5].  

After these 5 minutes the users began to answer to the 
interface questionnaire. First, they selected a language 
(Portuguese or English) and then an informational text was 
presented regarding the purpose of the study and the test. 
Following their reading, the users filled out a small 
characterization form and performed the aforementioned 
10-board Ishihara color blindness test, to later analyze if the 
user shows some type of color blindness  

After that, two Self-Assessment Manikin scales were 
presented, one for valence and another for arousal, with one 
of the 12 colors chosen for this study as background color 
(figure 8). 

This scheme of the two scales with a background color was 
being repeated until the 12 colors were presented. The color 
sequence presented was random, to prevent that a defined 
sequence, for all users, influence them responses. At the 
end a thank you message was presented and the form was 
submitted. During the test, the time that the user was 
viewing a certain color was counted, whenever the user 
clicked the interface buttons to change to the next phases 
the times were saved, then it was possible to separate, for 
each color, the values of the neurophysiological signals 
saved by OpenSignals. 

 

 
Figure 7. Set of pictures of IAPS for the control test. 

 

 
Figure 8. User performing test. 



RESULTS 

Participants  

This test was attended by 32 users (75% male users and 
25% female users). 18.75% of users were between the ages 
of 11 and 20 and the remaining 81.25% were between the 
ages of 21 and 30. All participants were Portuguese 
residents in Portugal and 18,125% had a High School 
education, 65,625% had a Bachelor's degree (BSc) and the 
remaining 6.25% had a Master's degree (MsC). Only 6.25% 
of the users were engineers, the remaining 93.75% were 
students. Users were asked to perform a small test of color 
blindness. This test consisted of a set of Ishihara boards and 
the results show that none of the users are color blind.		
Some of the participants used corrective glasses, however, 
this characteristic did not interfere with the correct color 
visualization, because none of these glasses was sunglasses. 
Taking into account the characterization of the users 
described, it is possible to notice that the participants are 
inserted in the academic environment.	
 
Self Reported Valence and Arousal  

In this subsection is represented the results of the 
questionnaire about classification colors in terms of valence 
and arousal using Self-Assessment Manikin. Users were 
asked to evaluate 12 colors in relation to valence and 
arousal. 

Several statistical tests were performed on the valence and 
arousal data obtained from the users colors classification, 
including the mean, median, standard deviation, and 
maximum and minimum values. It was further elaborated 
boxplots to see the data variance and the outliers. After 
parsing the boxplot, it was possible to conclude that all 
colors have a big variance and it is also possible to point out 
some outliers, namely arousal values in black. 

To perform a correct analysis of the data regarding its 
normality it was necessary to perform a distribution test, 
Kolmogorov-Smirnova. This test indicated that most of the 
colors do not present a normal distribution since they 
present significance value p <0.05, both in valence and 
arousal. 

As the presented data has a non normal distribution a 
nonparametric test, namely Friedman ANOVA, was 
applied.  

With all these factors the median values for valence and 
arousal were considered instead of mean, since the median 
is less affected than the mean.  

In order to make a comparison and interpretation of the 
results, it was made a conversion of the values obtained 
from the valence and the arousal values (a scale between 0 
and 8) to a scale between -4 and 4, in order to 
simultaneously compare the values of valence and arousal 
of the 12 colors in the study.  

To convert the scale was used the following formulas: 

1. OldRange = OldMax - OldMin  
2. NewRange = NewMax - NewMin  
3. NewValue = (((OldValue - OldMin) * NewRange) 

/ OldRange) + NewMin 

In first formula, the OldMax was 8 and the OldMin was 0. 
In second formula, NewRange is the difference between the 
maximum value (NewMax) and the minimum value 
(NewMin) of the new scale for which we want to convert 
the values, which is 4 and -4, respectively. Table 1 shows 
the values of color valence and arousal obtained. 
 

Colors Valence Valence 
Converted Arousal Arousal 

Converted 
Black 3.00 -1.00 3.00 -1.00 
Blue 4.00 0.00 3.00 -1.00 
Brown 3.00 -1.00 3.00 -1.00 
Cyan 6.00 2.00 4.00 0.00 
Gray 5.00 1.00 2.50 -1.50 
Green 5.00 1.00 3.50 -1.00 
Orange 5.50 1.50 5.00 1.00 
Pink 4.00 0.00 5.00 1.00 
Purple 4.50 0.50 3.00 -1.00 
Red 3.50 -0.5 5.00 1.00 
White 6.00 2.00 2.00 -2.00 
Yellow 3.00 -1.00 6.00 2.00 
Table 1. Values of color valence and arousal obtained from users 

classification and converted values of valence and arousal. 
 
Taking into account Ramirez and Vamvakousis study [9], 
they made an emotional classifier of the auditory stimuli 
through EEG signals, they used to arousal-valence 2D 
emotion model to attribute emotion to auditory stimuli 
taking into account the values of valence and arousal. 
With the arousal-valence 2D emotion model, in figure 9, it 
is possible to associate a color to an emotion, taking into 
account their position in the referential, in the other words, 
taking into account the valence value and arousal value. In 
this way we obtain the referential represented in the figure 
10. 

 
Figure 9. 2D emotion model. 



 
Figure 10. Emotional classification color referential based on 

user classification. 

 

Observing the referential of figure 10 we can conclude the 
following: 

• Starting with the first quadrant, according to valence 
and arousal value of orange, this color is associated 
with pleased. 

• Analyzing pink, this color is divided between 
annoying and excited because it is positioned between 
the first and second quadrant. 

• In the second quadrant is red, which is divided 
between angry and annoying emotions, and also the 
yellow, which according to its position is mostly 
associated with angry emotion. 

• In the same position of the third quadrant is black and 
brown, both colors are associated exactly with bored 
emotion. 

• In the middle of the third and fourth quadrant is blue, 
that means that this color, comparing with other 
colors, is divided between two emotions, sleepy and 
calm. 

• All the colors presented in the fourth quadrant are 
associated with the emotion peaceful, these colors are 
green, gray, purple and white. 

• Cyan lies between the first and fourth quadrant and is 
divided between two emotions, namely pleased and 
relaxed. 
 

Neurophysiological classification of Valence and 
Arousal 

While users interacted with CogniHue interface and 
visualized the background colors, BITalino captured 
neurophysiological signal (brain waves, heartbeat and 
galvanic response). 

After BioSPPY process all data we obtain the correct values 

to analyze valence and arousal. 

Neuroscientists consider that it is the difference between the 
hemispherical activity of the brain that indicates valence. 
Ramirez and Vamvakousis [9] obtained valence values 
following this concept of activity difference between 
hemispheres and this approach is associated with 
motivational direction, although the motivational direction 
is directly related to affective valence. Thus, in this study, 
we were followed the concept of the difference between the 
hemispherical activity of the brain. The BITalino sensors to 
capture EEG signals are gel electrodes and for each 
hemisphere of the brain only one electrode is placed, thus 
the brain wave values obtained and processed by BioSPPy 
are already the difference between the hemispherical 
activity of the brain. 

After processing the EEG signal in BioSPPy the values of 
four brain waves are obtained: alpha high waves, alpha low 
waves, beta waves and theta waves. However, we only 
considered alpha waves for this study, since beta waves are 
associated with arousal (how relaxed or excited is a person) 
and theta waves are associated more with relaxation, 
dreams and sleeping. 

Studies on emotional classification through 
neurophysiological signals indicate that arousal values are 
associated with BVP and EDA. In this way, it was decided 
to use the values of BVP and EDA and so, during the tests, 
these two signals were recorded. However, the values of 
BVP and EDA obtained from the visualization of the colors 
in the interface must be subtracted from the values of BVP 
and EDA obtained as control values, in order to obtain the 
difference between these values and thus to realize how 
excited the person was when visualizing a color comparing 
to their relaxation stimulus (control). 

Similar to what was done with previous data, regarding the 
classification of valence and arousal by the users, statistical 
tests were also performed on the values of Alpha Low 
waves, Alpha High waves, BVP and EDA. These statistical 
testes included the mean, median, standard deviation, 
maximum and minimum values, tests to see if the data 
presented a normal distribution or not, and also boxplots to 
analyze outliers. 

The statistical tests indicated that the data do not present a 
normal distribution and that it is still possible to identify a 
big number of outlier values. As the presented data has a 
non normal distribution a nonparametric test, namely 
Friedman ANOVA, was applied.  

In this way, as in the previous section about the results of 
tests with user opinion data, the remaining statistical tests 
considered the medians of the data and not the averages, so 
that the results are not adulterated by the outliers or by the 
non-normal distribution of the data. 

In order to obtain the values of valence associated with each 
color, the values of Alpha High waves and Alpha Low 



waves were considered, where each one has the weight of 
50% (50% Alpha Low + 50% Alpha High). 

In order to interpret the valence values, it was necessary to 
perform a conversion to another scale in order to obtain 
possible values to be arranged in a referential identical to 
the one in the figures 10. In this way we intend to convert 
these values to values that are between -4 and 4, for this we 
used the formulas 1, 2 and 3, showed in the previous 
subsection (Self Reported Valence and Arousal). 

In order to obtain the values of arousal associated with each 
color, the values of BVP and EDA were considered, similar 
to previous studies that used these two neurophysiological 
signals to obtain arousal. Where can be only considered 
BVP values or considering the combination of 50% of the 
BVP values and 50% of the EDA values. 

In order to interpret the arousal values of BVP and the 
combination between BVP and EDA, it was necessary to 
perform a conversion to another scale in order to obtain 
values comparable between these two hypotheses and also 
to obtain possible values to be arranged in a referential 
identical to the one in the figures 10. In this way we intend 
to convert these values to values that are between -4 and 4, 
for this we used, again, the formulas 1, 2 and 3. 

With all the data converted, we verify that the values of 
BVP and the combination between BVP and EDA, 
converted to the new scale, are practically the same, making 
small differences at the decimal and hundredth level. In this 
way, it is possible to prove that the EDA values do not 
increase any information to obtain the arousal values and 
for this reason it is not relevant to consider the EDA values. 
Thus, for this study, we only considered the BVP values to 
obtain the arousal values.  

Table 2 shows the values of valence and arousal, for each 
color, obtained through neurophysiological signals (Alpha 
waves and BVP). 
 
Colors Valence Valence 

Converted Arousal Arousal 
Converted 

Black 8.03e-16 1.193 1.07210 -2.554 
Blue 7.55e-16 -2.175 1.10492 -2.487 
Brown 7.58e-16 -1.965 2.50824 0.400 
Cyan 7.82e-16 -0.281 3.94620 3.358 
Gray 8.06e-16 1.404 1.69069 -1.282 
Green 7.89e-16 0.211 4.25815 4.000 
Orange 7.29e-16 -4.000 2.03837 -0.566 
Pink 8.43e-16 4.000 0.36932 -4.000 
Purple 7.40e-16 -3.228 3.50805 2.457 
Red 7.64e-16 -1.544 0.55492 -3.618 
White 7.68e-16 -1.263 1.52030 -1.632 
Yellow 8.20e-15 2.386 6.00 0.51920 

Table 2. Values of color valence and arousal obtained from 
neurophysiological signals and converted values of valence 

and arousal. 
 

With the arousal-valence 2D emotion model, in figure 9, it 
is possible to associate a color to an emotion, taking into 
account their position in the referential, in the other words, 
taking into account the valence value and arousal value. In 
this way, we obtain the referential represented in the figure 
11. 

 
Figure 11. Emotional classification color referential based on 

user neurophysiological signals. 

Observing the referential in figure 11 we can conclude the 
following: 
• Starting with the first quadrant, according to valence 

and arousal value of green, this color is associated 
with excited. 

• In the second quadrant is cyan that is associated 
with annoying, purple is associated with angry and 
nervous emotions is associated with brown. 

• In the third quadrant, it is orange related with sad. 
In the same quadrant are blue and white associated 
with bored emotion. Still in the third quadrant, we 
have red associated with sleepy. 

• In the fourth quadrant, we have the pink, yellow, 
and gray associated with the same emotion, 
peaceful. In this quadrant, black is associated with 
calm. It is possible to verify that the black is 
positioned on the border with the peaceful emotion. 
 

Discussion 
Making now an overall analysis of the results obtained in 
both types of emotional color classification (Self-
Assessment Manikin and Neurophysiological Signals) and 
taking into account the figures with the referential in figure 
10 (referential 1) and 11 (referential 2), we can conclude: 
• Analyzing all colors, the only color that, among the set 

of 12 colors chosen for this study, is in the same 
quadrant (4th quadrant) and associated with the same 
emotion (peaceful) in referentials 1 and 2 is gray. 



• We can also verify that colors like orange, yellow and 
purple are in opposite positions and associated with 
opposite emotions in these two referentials. In the 
referential 1, orange is associated with something 
positive (pleased), while in the referential 2 it is 
associated with sadness. Yellow is in the same 
situation, in referential 1 is associated with a negative 
emotion (angry) but in referential 2 is associated with 
a positive emotion (peaceful). The same is true for 
purple, which in the referential of user classification 
is associated with peaceful and in the referential of 
neurophysiological signals is associated with angry.  

• Colors such as white, black and blue, in both 
referentials have a negative arousal, however white in 
referential 1 was associated with a positive valence 
and in referential 2 was associated with a negative 
valence, passing from a positive emotion for a 
negative emotion. The same is true for black, but in 
the reverse direction, in referential 1 was associated 
with a negative valence, and in referential 2 it was 
associated with a positive valence, passing from a 
negative emotion to a positive emotion. Blue, in 
referential 1, was between quadrant 3 and 4, and in 
frame 2 it became totally to quadrant 3, with a 
negative valence and associated with bored. 

• Analyzing the red color, we can verify that in 
referentials 1 and 2 this color is associated with 
negative arousal. When it is classified by users, this 
color is associated with a very negative emotion 
(angry), once it is positioned in the 2nd quadrant. 
When we analyze the referential 2 we see that this 
color is associated with sleepy, having a negative 
valence and arousal. 

• Both cyan and pink, in referential 1, are positioned 
between quadrants, cyan is divided between two 
quadrants of positive emotions, and pink is divided 
between a quadrant of very positive emotions and 
another one of very negative emotions. When they are 
classified taking into account the neurophysiological 
signals (referential 2) cyan is associated with a 
negative valence and a positive arousal, being related 
with annoying, and pink is associated with a positive 
valence and a negative arousal, being related with 
peaceful. 

• Regarding brown, we can verify that, in the 
classification of users, this color was associated with 
bored, since it presented a negative valence and 
arousal. Comparing with the classification obtained 
through the neurophysiological signals, we could 
perceive the brown was moved from the 3rd quadrant 
to the 2nd quadrant, being associated with nervous, 
with a negative valence but a positive arousal. 

• Finally, green in both referentials is associated with 
positive emotions. In referential 1 it is classified with 
a positive valence value and negative arousal, ending 
up being associated with peaceful emotion. In 
referential 2 it maintains a positive valence and has a 

positive arousal, being associated with a very positive 
emotion, excited. 

 
In addition to the presented results, we verified that the 
classification of colors in terms of valence and arousal by 
users is very different from the results that we obtained 
from the classification of colors through neurophysiological 
signals. From the user attributed classifications, we can 
verify, through referential 1, that many of the values 
attributed to valence and arousal are influenced by the 
context and the culture. In other words, when the user is 
looking at the color in the interface and responding to the 
questionnaire, he is making an interpretation of what is 
visualizing and in turn is also doing an interpretation 
(influenced by the culture and context) of his answer. While 
classification through neurophysiological signals represents 
the closest valence and arousal values associated with the 
emotion that the user is feeling about the color he is 
viewing at the interface. 
 

CONCLUSION 

Color is present in our daily lives and has a great influence 
on the actions and options we take. In a user interface the 
color is a very important feature, which often determines 
the good interaction between the user and the interface. 

The great majority of the studies are created in the base of 
user tests with the analyze of questionnaires, but is here that 
this study was innovative, with the direct capture of 
neurophysiological responses to analyze what is the impact 
that color of the interface has in the users, without be 
necessary inquire them to get information. 

In this way the study was conducted, and the two 
approaches were carried out: the user-inquiry approach in 
order to classify the color in terms of arousal and valence 
taking into account their opinion, and the approach of 
capturing valence and arousal values through the user 
neurophysiological signals while viewing the colors at the 
interface.  

Initially, three neurophysiological signs were considered for 
the classification of valence and arousal: EEG signals 
(Alpha brain waves), BVP (heart rate) and EDA (galvanic 
response). In the development of this study, we were able to 
verify and prove that the EDA values are not relevant for 
the classification of arousal since they do not add any 
information because the arousal values remain the same 
with or without the EDA values. 

With these study it was concluded that it is possible to 
classify colors emotionally, attributing values of valence 
and arousal obtained through EEG (Alpha brain waves) 
and BVP signals, respectively. 

The results obtained from both approaches were quite 
interesting. The 2D model of color classification obtained 
through user classification has shown that many times the 



user answers are influenced by factors such as culture and 
context, and for this reason, the user thinks about the 
answers before giving it, because some emotions in this 
model are typically associated with certain colors, for 
example, white color users rated it as a peaceful color, 
culturally this color is associated with peace, however in the 
2D model of color classification based on 
neurophysiological signals that white is associated with 
bored (that is, a contrary emotion), if we think of an 
interface, for example a site, where the predominant color is 
white and that there are no more colors, maybe the interface 
will cause boredom to the users. 

In this way, we conclude that the classification of valence 
and arousal of colors by neurophysiological signals is 
more accurate and correct than the classification given 
only by the users opinions. 
 
FUTURE WORK 

In this study only 12 colors were chosen, for future work a 
possible approach could be the inclusion of new colors.		
As concluded in this study and also by other studies 
referenced in related work, culture is a very important 
factor when studying the relationship between colors and 
emotions. In this perspective it would be very interesting, in 
future work, to explore this factor more closely, relating 
emotions to colors taking into account cultural factors, such 
as the environment in which the user belongs and his 
vocation (whether he is an engineer or is a painter), and also 
consider social factors, such as the favorite color or color of 
his favorite club. Other factors, such as age and education 
degree, are also interesting to explore. 

The creation of an adaptive interface model that adjusts the 
color interface taking into account neurophysiological 
responses picked up from the user who is interacting with 
the interface is a possible approach for the continuation of 
this study. The neurophysiological responses allow us to 
analyze the reaction of the user to a certain interface color, 
so in this perspective, the neurophysiological data would be 
captured and analyzed in real time so that the interface was 
changed to the colors that the user prefers. 

Another approach is to create other color emotion classifier 
model that would be improved through learning algorithms, 
in other words, create a model that learns from the 
information that receives. To do that there are algorithms 
from machine learning that allows the learning adaptation 
of the interface, like Clustering, K-Means and Decision 
Trees. 
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