ColorCode
Exploring Social and Psychological Dimensions of Color

Joana Filipa Duarte Condeco

Thesis to obtain the Master of Science Degree in

Information Systems and Computer Engineering

Supervisors: Prof. Sandra Pereira Gama
Prof. Daniel Jorge Viegas Gongalves

Examination Committee

Chairperson: Prof. Rui Filipe Fernandes Prada
Supervisor: Prof. Sandra Pereira Gama
Member of the Committee: Prof. Manuel Joao Caneira Monteiro da Fonseca

May 2018






Abstract

Color representation has a great impact on the way we perceive information. The psychological influ-
ence of colors has been studied to improve the usage of color in the most various contexts, such as
marketing and interface design. On the other hand, personality is a field of psychology which studies
human character and behavior. The relation between personality and color preference has been the-
orized and studied. However, current research presents a lack of conclusive results. In this work, we
cross personality data, not only with self-reported color preferences, but also with neurophysiological
responses, overcoming the limitations of the current research.

During this study, we used the widely known personality questionnaire NEO PI-R for Extraversion
measurement, and a set of color stimuli to gather both self-reported preference and neurophysiological
responses. The signals used were Heart Rate (HR) as a measure of arousal, and alpha wave asymmetry
— gathered through Electroencephalography (EEG) — as a measure of valence.

The results of this study suggested some trends on general preference and excitation levels, as
well as on the influence of personality in color preference, and the influence of arousal level on the
preference between different Extraversion groups. These trends contribute for the improvement of color
uses, in particular in the Human-Computer Interaction (HCI) field, based on personality.

Keywords: Color, Extraversion, Human-Computer Interaction, Neurophysiological data, Personality
types



Resumo

A representacdo da cor tem um grande impacto na forma como percecionamos informagcao. A
influéncia psicoldgica das cores tem sido estudada para melhorar o uso da cor em diversos contextos,
como por exemplo, marketing ou no desenho de interfaces. Por outro lado, a personalidade € um dos
campos da psicologia dedicado a estudar o caracter e comportamento humano. A relacdo entre a
personalidade e a preferéncia de cor tem sido teorizada e estudada. No entanto, o estado da arte
actual apresenta falta de resultados conclusivos. Neste trabalho, cruzamos dados de personalidade,
nao sé com as preferéncias de cor dadas por auto-avaliagcdo dos utilizadores, como também com as
suas respostas neurofisiologicas, de forma a ultrapassar as limitagdes do estado da arte actual.

Durante este estudo, utilizamos o amplamente conhecido questionario de personalidade NEO PI-R
para a medida de Extroversao, bem como uma conjunto de estimulos de cor para obter tanto a auto-
avaliacdo das preferéncias como as respostas neurofisioloficas. Os sinais utilizados foram a Frequéncia
Cardiaca como medida de excitacao, e a assimetria de ondas cerebrais alfa - obtida através de Elec-
troencefalografia - como medida de valéncia.

Os resultados deste estudo sugerem algumas tendéncias em relagdo a preferéncia geral e niveis de
excitacdo, bem como da influéncia da personalidade e preferéncia da cor, e a influéncia da excitagao
na preferéncia entre diferentes grupos de Extroversdo. Estas tendéncias contribuem para a melhoria
do uso da cor baseado na personalidade, em particular na area de Interacgao Pessoa-Maquina.

Palavras-chave: Cor, Extroversao, Interaccdo Humano-Computador, Dados neurofisioldgicos, Tipos
de personalidade
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Introduction

Vision allows us to perceive, through light, the world around us and, for this reason, color has been
extensively studied. Different color models were created to reproduce, in the most diverse backgrounds,
an identical representation of the colors of nature.

Color is frequently used in various contexts, with different cultural meanings, being able to trigger on
us different emotions. Therefore, it is of extreme importance to know how to take advantage of color in
each particular context.

The connection between color and psychology, more speci cally emotions, has been explored and
applied to settings which can benet from certain emotional states. In Human-Computer Interaction
(HCI), color can be an advantageous factor on affective priming.

Personality is, as well as emotions, a eld of psychology, and has been explored since ancient
Greece, when the rst personality model emerged. Thenceforth, psychologists have been trying to
de ne a solid representation for human character and behavior. Several personality models have been
created, joined and re ned by personality theorists, in an attempt to reach this representation.

Various theories on the relation of color with personality have been created, serving as basis to some
personality tests based on color. Since these theories and tests have been used to de ne individual
personality, some studies were performed to prove their validation. Using different personality tests,
color tests and metrics, the results diverged. However, all of them had an aspect in common — subjects
were asked about their preferences.

Color in different contexts may have different meanings and showing preference for a color may
include an association to a concrete context. For instance, color in clothing may be strongly connected
to culture and social image, not only with the effect of the color in people's emotions.

We believe that, to study the in uence of personality on color preference, we need to go beyond the
rational self-report. Along this document, we will explore color and personality, as well as the studies
performed to date. We propose a study that will try to clarify not only previous doubts but also answer
to some questions formulated by us. Understanding the relation between color and personality may
change the color usage in different contexts, in particular in HCI. Using the effects of color on different
personality types may be the future of user-adapted interfaces.



1.1 Goals

Our goal with this work is to study the in uence of personality in color preference . We focus on the
relation between Introversion/Extraversion and color in terms of preference and emotional reaction.

For this end, we needed to perform an extensive user study. This allowed us to collect personality
and color preference data for a robust statistical analysis. With the results of our study, we were able to
study the correlation between personality and color preference, from which we intended to derive new
guidelines for color uses, particularly in HCI.

1.2 Contribution
The main contribution of our work consists in nding the following suggestions on the study results:

¢ General trends on the most and least liked colors, and more and less arousing colors, in general.
« Differences between self-reported and valence data.

« In uence of some Extraversion facets' scores in color preference and arousal level.

« Differences of most and least liked color between Extraversion groups.

« In uence of arousal in the color preference, per Extraversion group.

« In uence of Extraversion on the amount of colors liked and the preference intensity, by Extraversion

group.

Despite the lack of statistically signi cant results, the main reason why we were not able to derive
new guidelines, we believe the tendencies found may be studied and used to improve color usages, in
particular in HCI, in general and based on personality.

1.3 Document Structure

This document is structured as follows: In Chapter 2, we explore the theoretical background regarding
color, personality and affective neuroscience, in order to provide a context to our research and related
work. In this chapter, we explain the main color and personality models studied over time, how humans
perceive color and how Introversion/Extraversion in uences individuals' lives nowadays, and some ap-
plications of affective neuroscience in HCI.

Following, in Chapter 3, we present our review and analysis of the state of the art regarding the
in uence of personality in color preference and choices. The discussion on the advantages and disad-
vantages of the existing studies lead us to the Chapter 4, where we present our approach to study this
in uence. In this chapter, we explore in detail the data required for the solution, the interface developed
to collect the data, as well as the apparatus and the software used.

In Chapter 5, we explain how our data collection was built. We explain in detail how we gathered
and organized the data, how we processed it and the interpretations used. Throughout this chapter, we
present our initial ideas and all the choices we made to overcome the challenges that emerged.

With the data collected, processed and interpreted, we proceed to the statistical analysis needed to
reach conclusions on the in uence of Extraversion on color preference, described on Chapter 6. With
these results, we draw conclusions, presenting them on Chapter 7, and giving directions for future work
on the researched topic.



Background

To explore the psychological effect of color, more speci cally the relation between color and person-
ality, a theoretical research must be done. In this chapter, we will introduce those which we consider
to be the most important theoretical aspects of color, personality and emotion classi cation through
neurophysiological signals.

2.1 Color

Color helps us distinguish the world around us. For instance, in the natural world, it may ease the
task of looking for oranges in an orange tree. However, this help goes far beyond nature — color is
also very important in the technological world. It helps drivers differentiate traf ¢ signs and lights and it
accelerates the process of identifying features in a visualization. This is the reason why color vision is
So important in our lives.

2.1.1 Color Perception

Color is a sensation produced in the brain in response to the incidence of light on the retina of the
eye [43]. In the retina there are cones and rods, which are sensitive to light — cones are active at normal
light levels while rods are sensitive at low levels of light. Since rods are overstimulated in all but the
dimmest light, their in uence on color perception can be ignored. Hence, color vision in mainly based
on cones' function. There are three types of cones, which are responsive to short, medium and long
wavelengths [65].

The trichromacy theory states that the color vision depends on the activity of those three types
of cones, each with different spectral sensitivities, and we need at least three different wavelengths
(approximately represented by red, green and blue) to match any wavelength [66].

However, some people do not have all the cone types — that impairment is called color blindness.
The most common forms of color blindness are caused by lack of the long-wavelength sensitive cones,
protanopia, or the medium-wave sensitive cones, deuteranopia. Since they affect the perception of the
colors red and green respectively, both of them result in an inability to distinguish those colors.

Lhttp:/iwww.color-blindness.com/coblis1-color-blindness-simulator/



Figure 2.1: Simulation of default color vision (left), protanopia (center) and deuteranopia (right) on a
color wheel®.

2.1.2 Color Representation

The evolution of technology also brought the need of representing the world as it exists using graphic
displays. This representation was complemented with the basis of colorimetry, which states that it is
possible to match any colored light mixing three colored lights, called primary colors [65].

Since color vision relies on the cone sensitivity to the three types of wavelengths [66], the RGB model
was created and named after its primaries — the colors red, green and blue [43, 65].

Considering that gamut is the set of colors that can be reproduced by a device, the gamut of a monitor
is de ned by the color space formed with the coordinates of the RGB primaries. That means that every
color inside the gamut of a monitor is the light combination of those three primary colors [65].

The sum of all the RGB primaries using light results in white, however that is not true when we mix
paints. For instance, mixing red and green lights results in yellow color, while if we use paints we get
brown as the result. For this reason, it is said that lights mix additively, while paints mix subtractively.

At a very young age, people have contact with their very rst color model — RYB, based on the
primaries red, yellow and blue. Although it is a good model to learn and explore color mixing, the
combination of these primaries generates a very limited gamut. For that reason, printers use the CMYK
model (standing for cyan, magenta, yellow, and key - black), which is also a subtractive color model [36],
but with a bigger gamut.

In Figure 2.2 we can observe the primaries used in these two complementary color representations,
RGB and CMYK.

Figure 2.2: RGB (left) and CMYK (right) models' primaries and combinations?.

Observing Figure 2.4, we can see that the gamut of a monitor is limited in comparison with all the
colors that we can perceive, but the gamut of printing inks is even more restricted [65]. Although we can
reproduce a larger amount of colors with the RGB model when compared to the CMYK model, it does
not match our sense of the characteristics of color like lightness, saturation and hue.

To reduce the existing problem, three alternative color representations were created: Hue-Saturation-
Value (HSV), Hue-Saturation-Brightness (HSB) and Hue-Saturation-Lightness (HSL). The two rst ones
are identical and they may be represented on a cylinder form, as we can see on Figure 2.3. On this rep-
resentation, hue varies with the angle of the color wheel, saturation is the distance to the cylinder axis

2http:/icolorizer.org/



and value/brightness is represented by the height of the cylinder. In this representation, value/brightness
is perceived as the amount of light of a color. On the other hand, lightness on the HSL representation
corresponds to the amount of white in a color. Therefore, as we can observe on Figure 2.3, the rep-
resentation is similar to HSV in terms of hue and saturation but the lightness signi cantly differ from
value/brightness, making the bottom face of the cylinder black (no amount of white) and the opposite
face white (maximum amount of white).

Figure 2.3: HSV (left) and HSL (right) representations®.

These are useful tools, but not good enough when we need to specify, for instance, a colored light for
rendering, since HSV conversion to RGB only produces a RGB speci cation [36]. For a more rigorous
color speci cation, Commission Internationale d' Eclairage (CIE) created a system of color standards, in
which gamut are included all the perceivable colors.

This system uses a set of imaginary primaries based on the tristimulus theory [66] called tristimulus
values, XYZ, in which Y value corresponds to luminance. This characteristic is treated as a special
information, since we often refer to lightness as an independent property of color in everyday speech.
On the other hand, X and Z are usually represented by x and y in the chromaticity diagram.

The result of mixing two color lights represented by two points in the chromaticity diagram always
lie within the straight line between those two points (see Figure 2.4). When we use a set of three color
lights to specify a triangle in the diagram, any color within that triangle can be mixed using those color
lights. Observing the image, an example of this is a gamut of a monitor being described as a triangle
which vertices are representations of the red, green and blue lights.

Figure 2.4: CIE chromaticity diagram [65].

Shttps://wisotop.de/hsv-und-hsl-farbmodell.php



Despite being an universal model, the CIE XYZ color space is not perceptually uniform. Due to
this, the CIE produced a set of recommendations on the use of three uniform color spaces that are
transformations of the XYZ color space - CIE L*a*b*, CIE L*C*h* and CIE L*u*v*. These three standards
have some different properties that make them suitable for different tasks, so different industries can
adopt the most appropriate standard [65].

CIE L*a*b* is based on the Opponent Process theory [35], which states that all colors can be per-
ceived as a combination of three pairs of colors - blue/yellow, red/green and black/white. In this color
model those pairs are the axes of the color representation. L is the grayscale axis, representative of the
lightness, while a and b represent the pairs blue-yellow and red-green, respectively. Blue cancels yellow
and red cancels green, so in the exact center of these pairs the color is gray, depending only on L.

CIE L*C*h* is similar to CIE L*a*b*, but it is represented by lightness (L), chroma (C) and the hue
angle (h). It is also perceptually uniform and, as HSB and HSL, is based on how the human eye
perceives color. Both CIE L*a*b* and CIE L*C*h* representations are present in Figure 2.5.

Figure 2.5: Representations of the CIE L*a*b* (left) and CIE L*C*h* (right)*.

On the other hand, CIE L*u*v* was designed to balance the distances of the color differences in the
color space. As we can see in Figure 2.6, the axes differ between models being u® and v° the result of
the transformation of x and y, respectively.

Figure 2.6: Comparison between CIE XYZ (left) and L*u*v (right) diagrams®.

As shown, there is a variety of color representation models, speci cally designed for use different
uses. Although some of them are preferred for the color range which they may represent, all the diverse
models are suitable for particular contexts.

4http://zschuessler.github.io/DeltaE/learn/
Shttp://dba.med.sc.edu/price/irf/Adobe_tg/models/cieluv.html



2.1.3 Color Applications

Although color is frequently used to improve the recognition process, its meaning goes far beyond this
application. The color feature usually carries a cultural meaning and is capable of appealing and affecting
people emotionally. All around the world, one color may have different meanings. Some examples of
this are depicted in Figure 2.7.

Figure 2.7: Color meanings in different cultures®.

An example of application where color is studied in detail is marketing. Companies design their
logos and color schemes with the goal of appealing to the consumers' interest and create a brand
image associated to their products. To this end, it is important to analyze the cultural background and
preferences of the target group, as well as focus on the message carried and emotional meaning of
colors.

In Human-Computer Interaction (HCI), it is advantageous to provoke effect on certain affections such
as attention, memory and performance [9]. The simplest, cheapest and most adaptable way of provoking
such effect is through color. Previous studies concluded that color may speci cally in uence attention
and, consequently, memory and performance, by increasing the users' excitement as response to a
stimulus [22].

Several other studies have been building up the knowledge on the relation of color and emotions. As
well as emotions, it has been proven that personality is a factor that in uences users' ability to perceive
information [33]. In psychology, the in uence of personality on color preference has also been explored
by psychologists and color theorists [3—6, 34, 46].

2.2 Personality

Communication and interaction are an essential pillar of life and since early times people try to explain
the human behavior. Nowadays, we know that our actions are a result of different aspects such as our
experience, individual goals, emotions and personality.

2.2.1 Personality Theories

Personality has been studied for a long time: many models were created in order to explore this
dimension of the human character. These models can also be used to predict how humans are likely to
behave in speci c situations.

The rst personality theory, known as the Four Temperaments theory, emerged in ancient Greece
and was based on the Four Humor system explored by Greek medicine. This system defended that the
proper function of the human body was based on four essential uids — blood, phlegm, yellow bile, and
black bile. This means that a healthy body contained all the uids in a balanced way, while an imbalance
of any of these uids could be considered as a sign of iliness.

Shttps://visual.ly/what-colors-mean-different-cultures



Nevertheless, Greek thinkers believed that these uids were not only responsible for the nutrition
and metabolism of the organism, but also had effect over mind, thoughts and emotions. That way, the
imbalance of each uid also provoked one of the four humors — Sanguine (blood), Phlegmatic (phlegm),
Choleric (yellow bile) and Melancholic (black bile).

Each one of the four temperaments was directly related with a humor and had the following charac-
teristics:

Sanguine People with a Sanguine temperament were consider as likely to be enthusiastic, optimistic,
generous and sociable. They tended to be romantic and love beauty and the arts.

Phlegmatic Phlegmatic people were described as kind, sensitive, empathetic and calm. They were
more likely to suffer depression caused by excessive apathy.

Choleric Known as bold, courageous, impatient and dramatic, people with a Choleric temperament
were considered to be susceptible to extremism and fanaticism.

Melancholic Realism, ef ciency and rigor were some of the characteristics recognized on Melancholic
people, also considered to be more likely attached to material possessions, moody and withdrawn.

Although later biochemistry studies rejected the Four Humors theory, the Four Temperaments theory
served as basis for other widely known personality models studied later. An example of this is the
Eysenck's Personality Dimensions theory [24], used in the Maudsley Personality Inventory [25] and the
Eysenck Personality Inventory [28].

Hans Eysenck developed this theory while working at a psychiatric hospital in London, where his job
consisted on appraising the patients before the psychiatrists performed a full diagnose of their mental
disorders. After compiling a list of questions and asking them to hundreds of soldiers treated for mental
disorders, Eysenck found a pattern of connection between the answers and the patients' conditions.
Based on these results, the psychologist found a group of personality traits that he then mapped us-
ing two main dimensions — Introversion/Extraversion and Neuroticism. Figure 2.8 shows the mapping
of those personality traits in the axes Changeable and Emotional, respectively representative of the
dimensions Introversion/Extraversion and Neuroticism.

Figure 2.8: Personality traits mapped on Eysenck’s personality dimensions and association with the Four
Temperaments [26].

Eysenck also believed that these dimensions were correlated with human physiology, more speci -
cally to the brain and nervous system. He also de ned Introversion/Extraversion as being a dimension
directly linked to arousal. The brain of Introverts is more excitable, making them more vulnerable to



mood and self-protecting themselves from the outside world, causing a more reserved posture. On the
other hand, Extraverts tend to seek outside stimulation to compensate the lack of brain arousal, tending
also to be more lively and optimistic.

The second dimension, Neuroticism, is physically based on the nervous system, being an indicator
of how nervous, anxious or stressed the person tends to be.

In later works, co-working with his wife Sybil Eysenck, the psychologist added Psychoticism as a third
dimension to this model [27]. This dimension is related to people's tendency to be mentally unstable,
resulting in a loner, aggressive and troublesome behavior.

Based on Eysenck's research and many other personality theories, an extensive study of personality
traits converged into the most widely accepted model these days — the Five-Factor model [18]. This
personality model is based on ve factors — Extraversion (E), Agreeableness (A), Conscientiousness
(C), Neuroticism (N), and Openness (O) —, and defends that all personality types may be de ned as the
vector resulting of the combination of these ve dimensions.

The ve factors of this model, also known as the Big Five or for the acronyms OCEAN and CANOE,
are de ned as follows [47]:

Extraversion A high value of Extraversion is usually associated to enthusiasm and interaction with other
people, while a low value (also known as Introversion) indicates propensity to shyness, quietness
and reservedness.

Agreeableness Involves aspects such as altruism, caring and emotional support at the positive end,
while the negative end represents characteristics such as hostility, indifference to others and jeal-
ousy.

Conscientiousness  Associated to impulse control, a high level of conscientiousness is representative
of attributes such as orderliness, self-discipline and cautiousness.

Neuroticism The value of this dimension indicates the tendency to stress, anxiety and frustration,
meaning that a lower level is related to relaxation and even-temper.

Openness to experience  Also known as intellect, this dimension is related to traits such as imagina-
tion, adventurousness and liberalism.

However, not all the studies followed the same course. In the beginning of the last century Carl Jung
created his own theory about psychological types [39]. He defended that each type of personality could
be based on a type of attitude and a dominant function.

There are two major types of people — Introverts (I) and Extraverts (E) —, sorted by their attitudes
towards life. An Extravert attitude is characterized by the energy exchanged with the external world,
while the source and direction of an Introvert attitude is the person’s internal world and thoughts.

The second factor of Jung's personality type model are the pairs of perceiving and judging functions.
The perceiving functions — Sensation (S) and Intuition (N) —, represent the way the individual perceives
information. A person who prefers the S function mainly believes in information gathered directly from
their ve senses, based on concrete facts. In contrast, a person who is more likely to perceive information
via the unconscious or trust abstract and theoretical knowledge tend to prefer the N function. The judging
functions — Thinking (T) and Feeling (F) — are based on the way how individuals make decisions. If a
person's decisions rely mainly on what seems reasonable and logic, the function T is prevalent. The F
function is preferred by the ones who make decisions based on their emotions and the empathy with a
given situation.

Although these four functions are used in different situations, one of them tend to be dominant over
the others. Therefore, Jung included eight psychological types in this model — IS, ES, IN, EN, IT, ET, IF



and EF. These psychological types are broadly known and inspired the personality test that nowadays
is, alongside the Five-Factor model, widely accepted and used in various topics - the Myers-Briggs Type
Indicator® (MBTI) [48]. MBTI relies on sixteen different personality types, result of the combination of the
attitude — Extraversion (E) or Introversion (I) —, the preferred perceiving function — Sensing (S) or Intuition
(N) —, the preferred judging function — Thinking (T) or Feeling (F) — and a new dimension that identi es
the individual preference for using the Perceiving (P) or the Judging (J) function. For instance, an
Introvert who prefers the functions Intuition and Feeling and shows inclination to the Perceiving function
is said to be the INFP type.

This model was created in order to help people make the best career decisions’, using the indicator
as an aptitude test, and nowadays personality tests and models are frequently used to nd individual
preferences in several ways, like relationships, hobbies and jobs.

2.2.2 Introversion and Extraversion

Throughout history, many psychologists and psychiatrists de ned Introversion and Extraversion with
slightly different meanings and effects on personality. Here, we will explore it based on modern psychol-
ogy.

Extraversion is present in most personality classi cation systems, being considered as a continuum
[39]. An individual who shows a high value of Extraversion is commonly called Extravert, while a person
with a low value of this dimension is considered as Introvert.

Extraverts tend to enjoy interacting with people and the exterior, since they seek energy in the outer
world. On the other hand, recharging in their own world, Introverts have tendency to be more reserved.
Therefore, as Introverts get easily tired from socializing, spending time alone drains Extraverts' energy.
This can be explained by a difference of sensitivity between individuals. Introverts are more sensitive
than Extraverts to sensory stimulation, getting overstimulated in social environments, while Extraverts
need those environments to feel stimulated.

As enthusiasts, Extraverts tend to be talkative and enjoy sharing their experiences, while Introverts
are more likely to prefer thinking over talking and observing over interacting. Many introverts even have
ease in socializing but they prefer not to, in order to not drain their energy quickly.

Many studies have been made to discover more differences between these complete opposites [59].
It has been proven that Introverts tend to be more alert, showing stronger reactions to stimulus change,
but Extraverts are the ones who commonly have faster reaction times. A difference of preferential learn-
ing methods was also shown. While Introverts learn better by reception learning, Extraverts bene t more
of discovering and exploring.

However, it is quite unfair to label individuals only as extremes of the continuum that Extraversion
is. Not everyone is a natural partygoer, nor a completely closed person. Some people have their own
characteristics of Introvert and Extravert, laying in the middle of the Extraversion dimension — these
individuals are called Ambiverts [13].

Ambiverts are more likely to enjoy an active social life but they also need their own time and space.
They love to observe and listen but also love to share their passions and experiences. Usually, meeting
new people is not a concern to Ambiverts, but they tend to feel more comfortable among friends.

Ambiversion has also been observed by Jung [39], but it became a more discussed topic recently.
Recent studies with Ambivert individuals have been performed in order to explore the advantages of
being in the middle of the Extraversion continuum. One of the discussed studies was developed by Adam
Grant and showed that Ambiverts are likely to have a better performance in sales compared to both
Introverts and Extraverts [32]. This is because they express suf cient assertiveness and enthusiasm to

7 http://www.myersbriggs.org/my-mbti-personality-type/mbti-basics/original-research.htm
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persuade and close a sale, but are more inclined to listen to customers' interests without appearing too
excited or overcon dent.

In short, Extraversion is a very interesting and representative dimension in personality, worthy of
deeper studies on correlations with other areas of interest. To study and have a better understanding of
Extraversion, using it in favor of human studies and psychology, may add value to several contexts.

2.3 Preference and Arousal

Emotions are mental states provoked by external stimuli or thoughts, which play a crucial role in
human cognition due to their presence and in uence in human life. They have extreme importance in
intelligence, perception and the decision-making process [16,52], and they can be represented categor-
ically or dimensionally.

The categorical perspective states that there is a set of primary emotions, resulting from neutral
selection, considered universal for being independent of culture and personal experiences [15]. Many
theorists have worked on de ning these basic emotions, being Plutchik's [53] one of the most widely
accepted. The author defends that every single emotion may be based on eight primary emotions —
acceptance, anger, curiosity, disgust, fear, joy, sadness, and surprise.

On the other hand, the dimensional perspective maps emotions into two dimensions — valence and
arousal. Valence represents the pleasantness of an emotion, while the excitement or activation of an
emotion is represented by arousal [42, 45].

When studying emotions through the dimensional perspective, one of the most common model used
is Russell's Circumplex Model of Affect (CMA) [54,58]. In Figure 2.9, we can see how this model maps
emotions into valence and arousal.

Figure 2.9: Emotions mapped into valence and arousal, following the CMA [54].

Neurophysiological signals are commonly used in emotion related research, being Electroencephalog-
raphy (EEG), Electrodermal Activity (EDA) and Heart Rate (HR) three of the most used signals to mea-
sure emotions.

EEG is a fast, inexpensive and noninvasive technique based on recordings of the electrical brain
activity through electrodes placed on the head. From the signals recorded through EEG, the following
brain waves may be derived [1]:

Delta waves (1-4 Hz) This type of waves is associated with the unconscious mind, occurring in deep
meditation and dreamless sleep stages.
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Theta waves (4-8 Hz) Associated with the subconscious mind, theta waves also occur during sleep and
meditation, being related to dreams and creativity.

Alpha waves (8-13 Hz) Alpha waves are associated to an aware, relaxed state of mind. They commonly
occur when a person is resting but awake.

Beta waves (13-30 Hz) Related to an active state of mind, beta waves are prominent during conscious
thought and logical thinking, being also associated with arousal.

Gamma waves (>30 Hz) Brain waves of great frequency, these are associated with an hyper brain
activity.

Previous research has proved that valence may be measured through alpha wave asymmetry (using
EEG) [10,17]. On the other hand, EDA and HR are widely used to measure arousal. In light of this, we
will use these neurophysiological responses to measure preference and arousal.

12



Related Work

Over the last century, many psychologists and color theorists tried to nd a connection between color
and various psychological factors, such as emotions, mental disorders and personality types. In this
section, we explore and discuss some of the theories and studies developed in order to nd correlations
between color preference and personality.

Faber Birren was a color specialist known for his extensive research work on color theory. In some
of his publications [3-5], the author explores the relation of color preference with mental illness and
personality.

In terms of this last relation, the most well-known theory correlates color temperature preferences
with Introversion and Extraversion. Considering colors like red, orange and yellow as warm colors,
and green, blue and violet as cool colors, Birren defended that warm colors are usually preferred by
Extraverts while Introverts prefer cool colors. The author explored these relations based on the effect
that color stimulation has on humans and the way we interact with the world.

Physically, warm colors tend to increase body tension and excitation. Based on that, Birren con-
cluded that a preference for warm colors is associated with a personality that seeks stimulation from
outside and nourishes a desire to be well-adjusted to the world. On the other hand, cool colors tranquil-
ize individuals and are therefore preferred by people who seek energy on their inner world. In addition,
the author states that people who like many colors are likely to live in harmony with the outer world,
while indifference to color is signi cant of introspective tendencies, meaning also that Extraverts en-
joy bright and colorful environments, whilst Introverts feel more comfortable in sedate and conservative
environments.

Some associations between colors and speci ¢ personality characteristics were also made by Birren
[6]. He af rmed, for instance, that yellow is an intellectual color, being associated with great intelligence;
convivial individuals tend to be attracted to orange; green is related to super cial intelligence and uent
habits of speech; purple is usually preferred by artistic people; and pink is a favorite color for people for
whom the life has been a tough and harsh struggle.

Later, some other studies were conducted in order to prove the veracity of Birren's theories. The
Color Pyramid Test published by Heiss et al. [34] is a well known and used test, created by the Swiss
psychologist Max P ster in order to study affect and personality characteristics. Using papers of 24
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different hues, the subject is asked to Il a pyramid with 15 free spaces six times — in the rst three times
they must decorate the pyramids as pretty as they can, while in the next three they have to create the
pyramids as ugly as they can.

The six pyramids are then analyzed and conclusions are taken from the breadth and constancy of
the color choices as well as the position of the colors on the pyramids. For instance, from a exible
color choice and a moderate breadth of colors, the test indicates that an individual is more likely to be
cautious and have an inhibited behavior. Another example is how, from a symmetric color organization,
the authors conclude that the person has a differentiated well-structured personality [61].

In 1951, Obonai and Matsuoka [50] initiated the creation of a personality test which, based on the
principle that colors have affective-symbolic properties that re ect individual experiences and personality,
attempts to map personality factors into colors. A few years later, a study was made [51] in order to
validate this test in terms of the gradation of abnormality, masculinity and femininity, and Introversion
and Extraversion. In terms of this last factor, the study was applied to 2057 subjects of junior and senior
high schools, and was divided in two steps: 1) Having a set of colors and a set of stimulus words,
the examinees chose the color suitable for each stimulus; 2) Through a personality questionnaire and
a teacher's evaluation, the subjects had their personality traits determined, being then classi ed as
Introverts or Extraverts.

For each stimulus word, the colors associated were then divided and compared in two main groups
of Introvert and Extravert subjects. The study showed that Extraverts and Introverts had different ten-
dencies on the color choice for each stimulus word, proving the in uence of this personal factor in color
association. Therefore, according to the authors, the curve of Introversion and Extraversion diagnosed
by the test approximated the normal distribution curve, proving that the test has some validity and relia-
bility as a method of personality diagnosis.

Although it was not based on Birren's theory of warm and cool colors [3-5], Ake Bjerstedt hypoth-
esized that the preference for warm or cool colors could indicate different personality traits [7]. This
hypothesis was studied by using an alternative version of the Color Pyramid Test [34]. This consisted
in a reduction of the complexity of the original test, by prede ning 160 pyramid patterns from which the
subjects choose their preferred one.

On a group of 603 individuals, from preschool children to university students, the study showed a
clear preference for warm color patterns among the younger ones and cool color patterns among the
older ones. On a smaller group (30 university students), studied more intensively, Bjerstedt found that
individuals preferring warm color patterns were more likely to have greater ease in activation, as well as
they tended to be more open and receptive, while cool color selectors tended to be more closed and
selective.

Choungourian also explored the hypothesis that Introverts prefer cool colors while Extraverts prefer
warm colors [11], in order to prove Birren's theory [3-5]. The author performed a study with 120 students
(between 17 and 28 years old), which consisted in performing three tests: 1) Questionnaire of the
Extraversion scale of the Maudsley Personality Inventory [25], in order to get the personality traits of
the the individuals; 2) A color blindness test; 3) The color preference stimuli test with the eight Ostwald
hues [38] — red, orange, yellow, leaf green, sea green, turquoise, blue and purple.

The analysis was made by separating the subjects in terms of the Extraversion scale, in three main
groups — Introvert, Normal and Extravert —, and gender. The results showed that, except for male
Extraverts, all groups preferred cool colors. Even so, a tendency was registered for Extraverts to prefer
warm colors more than Introverts. Although it was an interesting study, it was not enough for the author
to take relevant conclusions about the color preference difference between Introverts and Extraverts.

One of the most widely known and used tests that relate color preference and personality traits is
Lischer Color Test (LCT) [46]. This test uses the assortment of prede ned colors to analyze individual
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psychophysical state, as well as the ability to withstand stress, to perform, and to communicate.

The test consists in showing the subject a set of eight different colors, which can be grouped into
basic colors — blue, green, red and yellow —, and auxiliary colors — violet, brown, black and gray. The
subject is then asked to sort these colors by order of preference and the result is calculated based on
the color arrangement of the answer and the meaning of each color, de ned by L tscher.

For the complete performance of the test, the subjects must answer it twice, but some researchers
opt for the shortened version in their studies, performing it once. The reliability of the test has been sup-
ported by many and questioned by others, in different aspects. Some of those studies will be introduced
later in this section.

In 1975, Robinson performed a study to know if color preference could be correlated to Extraversion
[56]. The study was designed based on Birren's color temperature hypothesis [3-5], testing the same
hypothesis for LCT about the traits Concentric and Ex-centric.

Forty subjects (from University of Colorado) were part of this study composed by four phases: 1)
The Eysenck Personality Inventory [28], to obtain the Extraversion score; 2) A color preference test with
28 colors of varying hues and saturations, arranged in pairs, where for each pair the subjects had to
indicate their favorite one; 3) The shortened version of the LCT; 4) A self-rating test, where the subjects
were asked to rate themselves in a scale of Extraversion, from zero to ten.

With the results of this study, Robinson showed that there is a signi cant relation between the color
choices and Extraversion, supporting Birren's hypothesis. In terms of personality score, the results were
also positive on the relation between Eysenck Personality Inventory scores and the self-score made by
the subjects on Introversion and Extraversion. Lastly, the author claims that no differences, correlations
or trends were found about Introversion or Extraversion based on the LCT.

Faced with opposite opinions about the validity of the LCT, Donelly developed a study [21] as an
attempt to establish the concurrent validity of the test by correlating scores with those on the Taylor-
Johnson Temperament Analysis [63]. For this, 98 college students performed the shortened version of
the LCT, followed by the Taylor-Johnson Temperament Analysis.

Based on the results of this study, no relation was found between the personality descriptions present
at the results of the color test and the temperament analysis descriptions. However, the results showed
81% of agreement between the color selection and the way the subjects responded to the temperament
scale, showing that personality in uences color preferences.

Following Donnelly's study, Braiin and Bonta developed a research whose purpose was to provide
an evaluation of the LCT, comparing the results with previous studies performed in America and Europe,
in an attempt to prove the cross-cultural worth of the test [8]. This study consisted in two rounds of a
strict administration of the LCT, the rst one with 125 subjects and a second one (21 days later) with 88
subjects, all of them Canadian students.

An evaluation of the Luscher colors was also performed by an analysis and rating of the colors in
accordance with the Munsell and ISCC-NBS color-naming system. Regarding this analysis, the authors
concluded that some of the colors were not pure colors and not all were named following this widely
accepted color system.

In terms of color preferences, the results showed some cross-cultural and sex differences. In general,
Canadian male students prefer slightly the color red over blue, contrasting with Americans' preference
for yellow obtained by Donnelly [20], and the Europeans' like for red expected by Lischer. The results
also showed that the most chosen color for males was red, while yellow was preferred by females.

This led the authors to conclude that LCT is not adequate as a standard diagnostic tool, based on
the cross-cultural and sex differences. However, Bralin and Bonta state that the creation of a solid
personality test based on color preference would be a worthy objective.

Another study on the relation of personality and color preferences was developed by David and
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Miriam Stimpson [62], in order to consolidate the knowledge about this relation. The goal of this study
was to focus on this relation in a “normal group”, being all the 150 subjects American undergraduate
students with no psychiatric or cross-cultural implications.

Two tasks were completed by the subjects. In the rst one, the subjects performed the Edwards
Personal Preference Schedule [23], in order to obtain the score of their personality traits. Next, they
were asked to sort a set of eight color plates corresponding to the hues of Liischer [46], according
to their individual order of preference. With this test, the authors found no correlations between color
preference and the personality variables present in the personality model used.

Five years later, Nelson et al. published a study on the correlation between color preference and
stimulus seeking [49]. This study was mainly based on the hypothesis that the preference for color red is
more common among seekers of high stimulation, while low stimulation seekers are more likely to prefer
blue, following Robinson's work [56].

For this, 170 students aged between 12 and 14 years old, not color blind, were submitted to two
tests. For the color preference test, the subjects were divided in six classes and two cards colored in
red and blue were showed simultaneously to all the subjects in each class, having to choose between
the two colors individually. To avoid in uencing the color choice by position, left/right positions of the
colors were alternate over classes. The Sensation Seeking Scale [67] was used as the second test of
this study.

The results showed that more than 70% of the subjects preferred blue over red. It was also shown
that the high and low scores on the Sensation Seeking Scale are respectively associated to red and
blue. From these results, the authors concluded that red has stimulating and exciting properties, while
blue has less stimulating, calming properties.

In a more speci ¢ study, Radeloff tried to nd a correlation between psychological types and color
preference in clothing [55]. The study was made using 111 college-age women and used as personality
test the MBTI [48], focusing only on the attitude type and the dominant function. For the color preference
test, 20 pieces of fabric were used, precategorized into four seasonal hue categories — Summer, Winter,
Spring and Autumn®—, three value categories — light, medium and dark — and three chroma categories
— intense, medium and dull. For all the pieces of fabric, an uniform gray matte background was used as
well as a daylight incandescent bulb, in order to standardize the colors. The evaluation was made by
asking the subjects to rate each piece of fabric as “I love this”, “I sort of like this” or “I hate this”.

The results of this study showed that about 75% of the subjects were Extraverts and, overall, cool
colors are preferred much more than warm colors. This study showed that, unlike what was expected by
Birren's theory [3-5] on color temperature and Extraversion, the Extraverts did not choose warmer and
brighter colors, leading the author to conclude that this hypothesis is not valid in clothing matters.

More recently, Rosenbloom performed a study [57] on the relation between sensation seeking and
color preferences. This study had the goal to test, among hypotheses of other natures, the hypothesis
that high sensation seekers would prefer red (considered an arousing color) and sensation avoiders
would prefer blue (a relaxing color).

In an attempt to relate the two main aspects of the study, 60 Israeli students with age ranked from
22 to 32 performed a sensation seeking test and a color preference test. For the rst one, the authors
chose the Sensation Seeking Scale [67]; for the second one, a clear painting of a human gure was
used, accompanied by the colors gray, red, orange, brown, yellow, green, blue, and gray, with which the
subjects had to color the gure.

The results showed a positive correlation between the scores of the Thrill and Adventure Seeking
factor of the Sensation Seeking Scale and color preference. Those subjects who chose arousing colors
for coloring the human gure were likely to have high scores of Thrill and Adventure Seeking, while

1This division was not performed in terms of the hue angle, but the tendencies for each season.
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the ones who lower scores preferred to use nonarousing colors. However, no correlations were found
between the color preference and the remaining factors of the Sensation Seeking Scale.

3.1 Discussion

Based on the analysis of the previously mentioned theories and studies, which rely on the relation
between color and personality, there are some points to discuss about the chosen methodologies and
conclusions.

Despite being widely known and inspiring many color theorists and psychologists, Birren based his
theories mainly on color associations with psychology. These might have been the rst big steps on
this very interesting relation, but the lack of studies to prove Birren's theories leads to a de ciency of
scienti ¢ validity.

The same happens regarding the Color Pyramid Test and Lischer Color Test (LCT). These are
studies used in psychology and psychiatry that were accepted before the existence of scienti ¢ tests to
prove their reliability.

The study performed by Obonai and Matsuoka was of great importance, since the authors could
conclude their hypothesis was correct. However, this study did not include color preference, but color
associations only.

Based on color preference, and looking forward to prove the theory that the preference for warm or
cool colors could indicate different personality traits, Bjerstedt's choice to use the Color Pyramid Test
might have been a risky decision. However, the author was able to successfully prove his hypothesis.
Following this study, it would have been interesting to map the different traits into personality dimensions,
using a personality model. This way, Bjerstedt could also explore Birren's theory that relates warm and
cool colors with Extraversion and Introversion. Some years later Choungourian failed to prove that
theory, but a similar study performed by Robinson successfully veri ed its validity.

Both obtaining good results between color preferences and personality, Robinson and Donnelly
showed that the LCT is not valid in terms of correlation between the color choices and the personal-
ity descriptions given as result. It is important to note that these studies did not explore other variables
of the test, such as psychological disorders.

Following the invalidation of the LCT, Braiun and Bonta also proved that the test results are not
consistent in terms of the culture and gender of the subjects. These factors should not cause differences
in personality, since they are not part of any of the most widely accepted personality models.

In summary, we can conclude that the LCT should not be used to make the correlation between color
preference and personality. This conclusion was already expected taking into account the test per se.
Considering that the result is always based on the order of the colors, a person who likes two or more
colors equally may have various personality pro les, only based on the random order of choice for those
colors, which is not a valid assumption.

Trying to nd a connection between color preference and personality, David and Miriam Stimpson
developed a study, based on none of the discussed theories, from which they concluded that the two
factors were not related. We believe that the failure of the hypothesis might have been based on the
personality model used for testing personality, which did not include the most used dimensions, such as
Extraversion and Neuroticism.

In a more speci ¢ context, Radeloff also failed correlating color preference and personality. Besides
the fact that the choice of colors in clothing is also affected by culture and fashion trends, the study is
based on colors grouped by season and not by hue angle. We do not consider as relevant the fact
that the study was performed only with female subjects, since no personality model de nes gender as a
dimension.
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With similar studies, both Nelson et al. and Rosenbloom succeeded on proving that warm and cool
colors are related to higher and lower levels of sensation seeking. Even considering that the color
preference test of the study developed by Rosenbloom was not the best — since the association might
have been based on habits or clothing preferences —, the results were conclusive.

These two studies also completely support Birren's theory on color temperature. Although the au-
thors did not use Extraversion as dimension of study, there is a solid relation between Extraversion and
sensation seeking, since these factors are both based on the interaction with the outer world.

In general, many of the studies show that the association between color preference and personality,
more speci cally Introversion and Extraversion, may be through color temperature. Some authors left
notes in their conclusions about repeating the tests with some condition changes. This is due to the lack
of rigor in some aspects, like the environment conditions or the colors used for the tests.

What we believe to be the most important factor of all the studies explored in this document is the
way the subjects expressed their preference for the colors. With or without a context, the individuals
were led to choose the colors rationally. The rational factor includes not include only the preference, but
also the cultural and social context, as well as the emotional state. To focus on the preference only, the
study would have to include detection and analysis of the effect of speci ¢ stimuli on the subjects. The
detection could have been made using measurement of neurophysiological signals as responses to the
color stimuli.

To study the relation between those measured values and personality dimensions, a validated per-
sonality test should be performed, followed by an extensive statistic analysis. This analysis should be
rigorous and include statistically signi cant results, in order to con dently nd a correlation between
color preference and personality. Finding this correlation, some new guidelines could be derived and
used in HCI, in order to encourage its usage through color.
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Approach

In order to nd an existing relation between personality — more precisely Introversion/Extraversion —
and color preference, we needed to collect data related to both topics. In this chapter, we describe our
approach, including the required data, the developed interface, and the equipment and software used.

4.1 Required Data

As discussed before, psychologists and color theorists developed studies trying to explore this relation
but not all the results were conclusive. Based on the fact that the previous studies were not consistent in
terms of personality tests nor in terms of color preference tests, we consider that the inconclusive results
could be a consequence of a bad choice on how to gather data. Having this in mind, for our study we
decided to collect the following data:

Proling data To get a more detailed approach of the results of this study, we decided to collect some
pro ling information, not directly related to the subjects' personality, nor their color preference.
Besides common demographic questions, such as Gender and Nationality, we also needed to
gather data about each participant's self-reported Extraversion group, as well as their perception
of color. In order to achieve the latter, we chose to perform a reduced version of the Ishihara color
blindness test [37].

In a color study, user pro ling and color blindness tests are crucial to have a detailed statistical
treatment. In case of color blind users, the data should be discarded or used as case studies.

Extraversion score data  To collect data regarding personality, it was essential to use a validated per-
sonality test, based on a widely accepted personality model. For our work, we chose the NEO
Personality Inventory - Revised (NEO PI-R) [14], which is based on the Five-Factor model [18],
already presented in Chapter 2. This inventory is composed by 240 questions — 48 per personality
dimension —, and it divides each dimension in six different facets. Extraversion, which is the only
dimension we intend to study, is divided in the following facets:
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Warmth is the facet of Extraversion of most relevance to issues of interpersonal intimacy. Warmer
people are affectionate and friendly, and easily form close attachments to others. Low scorers are
more formal, reserved, and distant in manner than high scorers.

Gregariousness is related to the enjoyment people feel for being in company of others. Gregari-
ous people seek social stimulation, while low scorers tend to be loners and avoid crowds.

Assertiveness is connected to domination, strength of will and social ascendance. High scorers
on this facet speak without hesitation and often become group leaders, while low scorers prefer to
keep in the background and let others talk.

Activity is representative of movement and energy. High Activity scorers are seen in rapid tempo
and need to keep themselves busy, living a fast-paced life. Low scorers are more leisurely and
relaxed in tempo, though they are not necessarily sluggish or lazy.

Excitement Seeking high scorers crave excitement and stimulation, enjoying noisy environments.
On the other hand, low scorers feel little need for thrills and prefer a lifestyle that high scorers might
nd boring.

Positive Emotion assesses the tendency to experience positive emotions such as joy, happiness,
love, and excitement. High scorers are cheerful and optimistic, while low scorers are less exuberant
and high-spirited, not necessarily meaning they are unhappy.

The length of the NEO PI-R inventory is a major bene t of this test, since while performing longer
tests the subjects tend to describe their actions and feelings more accurately, not being biased
by what they think they are expected to answer. Another reason why we chose to use this test is
because it allows us to go deeper on the analysis of Extraversion, trying to nd the in uence of

speci c facets on color preference.

Self-reported color preference data  Although we were motivated to use neurophysiological data to
indicate users' color preference, we considered important for this study to collect self-reported
color preference data to explore the relation between rational and emotional responses to a set of
colors. Besides this, collecting the self-reported preference allows us to draw a parallel with the
previous works.

Neurophysicological color preference data To collect the color preference through neurophysiolog-
ical data, we needed to record the participants' responses to a set of colors. To this end, we
decided to gather both the neurophysiological data and self-reported data at the same time, as
response to each color of the set.

As explained in Chapter 2, valence represents the pleasantness of an emotion, while the excite-
ment or activation of an emotion is represented by arousal. Since our goal is to know the subjects'
preference for each color, our main focus for this work was the valence of the emotion felt when
presented to each stimulus, which can be measured using alpha wave asymmetry on frontal chan-
nels of the brain, measured through Electroencephalography (EEG).

Previous research has supported valence theories that an increase in alpha wave activity is in-
versely related to cerebral activation, and higher activation of the right hemisphere is associated to
withdrawal reactions [10, 17]. Therefore, greater alpha wave activity in the left hemisphere means
a shift in cerebral activation to the right hemisphere and, consequently, a withdrawal reaction.

Although it was not our main focus, we would like to discuss the excitation levels based on per-
sonality, so we decided to collect information about the arousal induced by the color stimuli. For
that, we chose to record the participants' Heart Rate (HR), which is a well known indicator of the
emotional arousal.
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Another widely known indicator of arousal is Electrodermal Activity (EDA), but during the pilot tests
phase we found the majority of the values were missing, when recording EDA with the used device.
Since previous studies also shown that EDA values are not signi cant when using other arousal
measures [60], we chose to use HR only to extract arousal scores.

The gathering of these data types, as well as the their processing methods will be described in detall
in Chapter 5.

4.2 Interface

In order to collect the data needed to explore the in uence of personality in color preferences, we
developed an interface to be used during the user testing phase.

This interface consisted in a website developed in HTML, PHP, CSS and Javascript, using a Bootstrap
blog theme?, carefully changed and adapted to our needs, resulting in a coherent, simple and pleasant
interface.

With the intention of collecting the users' pro ling, personality and color preference data, we divided
this test into 5 phases, being three of them questionnaires, one of them dedicated to the BlTalino in-
stallation, and one merely informative. Each phase included an introduction screen explaining the task.
When reaching these pages, the user was asked to warn the researcher, who would then explain the
next task. We chose to to this predominantly through conversation, to bring the researcher and each
user closer, in order to make them feel more comfortable. Comfort is very important during the user
tests, since some tasks require physical touch and our goal is to minimize emotional changes induced
by the test conditions.

Since the personality questionnaire used was the Portuguese version of NEO PI-R, meaning that the
test could only be completed by Portuguese speakers, the full test was developed in Portuguese. Also,
all the questions presented in all questionnaires are mandatory, meaning that the test pops up an error
window when the users miss a question.

In the following subsections, we will present in detail the developed interface, including not only the
looks but also the choices made regarding the data collection.

4.2.1 Introduction

The rst screen of the interface shown to the user is the introduction screen. This screen is the rst
example of the layout of the informative pages that are shown before proceeding to each task of the test.
These pages include a header, a brief text and a footer, as shown in Figure 4.1.

The header, which occupies a considerable space in the screen, contains a background image and
the title and subtitle corresponding to the step of the test. We wanted the header background, presented
in every information page and pro ling and personality questionnaire pages, to be representative of the
theme, so we chose an online colorful picture, free to modify and use in websites and presentations?. In
terms of text, in this page we have the name of this work, ColorCode, followed by its subtitle, “Exploring
Social and Psychological Dimensions of Color”. On the remaining pages, the text contains the name of
the task and a short informal sentence explaining its goal.

This screen also contains a brief text, which complements the introduction speech given by the
researcher. We chose to use the text to complement the speech instead of describing all the steps of the
test with the purpose of bringing the user closer to the researcher, making them feel more comfortable,
which is an important step during this study.

http://startbootstrap.com/template-overviews/clean-blog
2https:/iww.freepik.com/free-vector/colorful-background-for-holi-festival_1051050.htm
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Figure 4.1: Main page of the ColorCode website.

Observing this page, we can see that there are two ways of proceeding to the test's rst page:
Clicking on the button “Iniciar Teste” (“Start Test"), or clicking on “Teste” (“Test”), on the top right corner
of the page. Note that this second link, just like “Home”, is present in all the further webpages, being a
shortcut to come back to the beginning.

Lastly, in this page, as well as in all the other informative pages, and the pro ling and personality
guestionnaires, we included a footer with the Instituto Superior Técnico (IST) logo, serving as shortcut
to the institute website®.

4.2.2 Proling

The rst task of the test consists on lling a pro ling questionnaire, shown on Figure 4.2, which includes
pro ling questions, as well as the Ishihara color blindness test [37].

Figure 4.2: Pro ling questionnaire: Pro ling questions (left) and Ishihara color blindness test (right).

Inthe rst half of the pro ling questionnaire, we included basic pro ling questions, presented as drop-
down multiple choice questions. This type of questions has the bene ts of multiple choice questions,
while keeping the page clean. Besides keeping the page simple and tidy, multiple choice questions
are very useful in questionnaires like this, since they ease the data division and further treatment, also
reducing the time the users take to answer the questions.

Shttps://tecnico.ulisboa.pt/
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For the elds which can be represented with one word only (for instance, age or nationality), we chose
to use that word as an non-selectable prede ned option, simplifying the elds organization through the
page. For the longer questions, we wrote the question putting the drop-down eld by its side, with
“Select” as the non-selectable prede ned option.

The questions included on the pro ling questionnaire are:

Age This question may have been answered by choosing one of the following groups of age: a) < 18,
b) 18 to 25, c) 26 to 35, d) 36 to 45, e) 46 to 55, f) 56 to 65, and g) > 65.

Gender Users were able to chose between: a) Female, or b) Male.

Nationality A list of 238 countries in Portuguese* was used to this end, being possible to search for the
wished country using the keyboard.

Education Like age, the education level was divided into the following groups groups: a) No education,
b) Basic education - 1st cycle, c) Basic education - 2nd cycle, d) Basic education - 3rd cycle,
e) Secondary education, f) Licentiate's degree g) Master's degree, and h) Doctorate. As this test
was held in Portugal and we expected the biggest part of the participants to be Portuguese, we
chose to follow the Portuguese education system®. For users who did not study in Portugal, the
equivalent education level should be chosen.

How do you rank your personality in term of Extraversion? For this question, the participants could
choose between the following possible answers: a) Introvert, b) Ambivert, c) Extravert, and d) | do
not know. Our goal with this question was to understand if the users had a previous idea of their
personality type in terms of Extraversion, and how correct they were.

Have you ever had your neurophysiological responses collected? For this question, the users were
able to chose between: a) Yes, and b) No.

The second part of the pro ling questionnaire consisted in a six plate version of Ishihara's color
blindness test [37]. This test was created to detect de ciencies in color vision, having its full length 24
plates. Following the author's instructions, the six plates of the simpli ed version of the test shall be:
Plate 1) Number 1, Plate 2) Number 2 or 3, Plate 3) Number 4, 5, 6, or 7, Plate 4) Number 8 or 9, Plate
5) Number 10, 11, 12, or 13, and Plate 6) Number 14 or 15.

Having this into account, we chose the plates 1, 2, 7, 8, 10, and 15, represented in order in Figure 4.3,
for the simpli ed version present in our questionnaire.

As part of the pro ling questionnaire, each of these plates is a question which can be answered by
typing the number seen on the plate or selecting the button “It is not a number”.

4.2.3 Personality

After submitting the answers to the pro ling questionnaire, the subjects were directed to the personality
introduction page, which led them to the personality questionnaire. As previously explained in the Sec-
tion 4.1, we decided to use the Portuguese version of the widely known personality test NEO PI-R [14].

From this extensive questionnaire, we selected the 48 questions relative to the Extraversion dimen-
sion. Following its original form, we presented those question to the subjects, to which they could answer
in a ve point Likert scale [30], from “Discordo Fortemente” (“Strongly Disagree”) to “Concordo Forte-
mente” (“Strongly Agree”). Since this test could not be changed due to copyright, this Likert scale served
as basis for the Color Preference Test (CPT), in order to maintain the study coherence.

“4https://github.com/cristianoascari/lista-de-paises-em-sq|
Shttps://en.wikipedia.org/wiki/Education_in_Portugal
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