32ND INTERNATIONAL CONFERENCE ON INFORMATION SYSTEMS DEVELOPMENT (ISD2024 GDANSK, POLAND)

Towards Universal Visualisation of Emotional States for Information
Systems

Michal R Wrobel
Faculty of Electronics, Telecommunications, and Informatics
Gdansk University of Technology, Gdanisk, Poland michal.wrobel@pg.edu.pl

Agnieszka Landowska
Faculty of Electronics, Telecommunications, and Informatics
Gdansk University of Technology, Gdarisk, Poland nailie@pg.edu.pl

Karolina Makuch
Faculty of Electronics, Telecommunications, and Informatics
Gdansk University of Technology, Gdarisk, Poland karolinamakuch19@ gmail.com

Abstract

The paper concerns affective information systems that represent and visualize human emotional
states. The goal of the study was to find typical representations of discrete and dimensional
emotion models in terms of color, size, speed, shape, and animation type. A total of 419 par-
ticipants were asked about their preferences for emotion visualization. We found that color,
speed, and size correlated with selected discrete emotion labels, while speed correlated with
arousal in a dimensional model. This study is a first step towards defining a universal emotion
representation for use in information systems.
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1. Introduction

Emotional states are among the factors that moderate our engagement and focus. Affect influ-
ences the way people interact with information systems and the user experience. Automatic
emotion recognition solutions have found applications in diverse fields [13] such as opinion
mining, market research, therapy, but also in communication and information systems.

The affective computing domain has developed not only the technologies to capture human
affect, but also the solutions to express and influence affect. When an emotional state is roughly
quantified in a software environment, the result of the analysis should be effectively communi-
cated to a potential human user to close the affective loop. Representations of emotional states
should be easily perceived and understood by humans. There are a number of ways to commu-
nicate an emotional state within an information system, including labels, numbers, and visual
representations. Visualization of emotional states has received some research attention in the
last 10 years. A literature review conducted in 2022 by J. Wang et al. identified a number of
approaches to visual encoding, although the majority of studies focused on visualizing emotions
derived from music [24]. Visual representations can include avatar facial expressions, emojis,
graphs/charts, graphs with labels, emojis or icons, colors, and shapes with/without animation.

In this paper, we focus on the visual representation of affect within information systems
in general, specifically exploring graphical and animation-based options available in an inter-
face, assuming that few information systems involve a facial-expressive avatar. For example,
a remote communication system proposed in a study by Ertay et al. uses emoji and colors as
emotion representation, without exploration of color assignment to a particular affective state
(happy is yellow, fearful is pink, and disgusted is green, surprise is black) [9]. Another system
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for patient-physician communication uses colorful charts enhanced with emojis and labels (fear
is yellow, sad is orange, surprise is turquoise) [15]. A system for visualization of emotions in
calligraphy uses colors only (calm is orange, anxious is aubergine, relaxed is green) [23]. An-
other interesting study uses shape (cross-to-circle conversions), brightness, and size to represent
pleasure-arousal-affinity dimensions of an emotional state [10]. While in the study the usage of
X-cross and circle is justified by human hand gestures (body language), the choice of the other
representation methods is not discussed. However, the methods proposed in research papers
for representing and visualizing emotional states in information systems are often contradictory,
which shows the research gap that this article aims to fill.

The aim of the study was to find typical techniques for the visual representation of emotions
that could be interpreted in the same way by users of an information system. Both discrete and
multidimensional models of emotions were considered. The research question addressed in this
paper could be formulated as follows: Is it possible to define a typical representation for the
visualization of a specific emotional state in terms of color, speed, size, shape, and animation?

The paper describes a questionnaire-based study about visual representation of particular
emotions and is organized as follows. The related works section provides a review of our starting
point — the emotion models, and emotion visualization techniques. The research methodology
section describes the concept of the study, survey design decisions, and definition of variables.
Then the results section provides findings on colors, size, speed, and animation types used in
emotion visualization and is followed by discussion and conclusions sections.

2. Related Work

The studies that are most relevant to our research are those that deal with the representation and
modeling of emotional states and those that aim to find a visualization for emotional states.

Two approaches to representing emotional states are commonly used: discrete (based on la-
bels) and multidimensional [12]. The first of this group, such as Ekman’s six basic emotions [8]
or the PANAS model [25], are more easily understood by humans and are therefore often used
in surveys. On the other hand, multidimensional models, such as the Circumplex Model of
Affect [19] or the VAD (valence-arousal-dominance) [16], are more amenable to computer pro-
cessing, and their mathematical representation allows them to be processed by algorithms for
analyzing or synthesizing emotions. In emotion visualization, an emotional state described us-
ing the above models is mapped into a specific color, shape, animation, etc. to provide a sensory
experience to a receiver of the state. The visualization aims at communication or enhancement
of emotion-related information. In the study [6] authors proposed a concept of emotion-prints
as an approach to visualize user emotional valence and arousal. They focused on real-time vi-
sualization of emotions to be used in standard GUI interfaces and formulated a thesis that “the
representation needs to be as intuitive as possible” so that users could perceive and interpret
visualization during real-time interaction. There are studies for color-based expressivity with a
background in art [3, 22], however, those only partially transfer to information systems. There
are some studies on how to visualize emotions in computer systems, but they focus on one
feature (e.g. color) or one context (e.g. music). For example, so-called emotion scents based
on color were proposed for valence-arousal plain representation for music-based emotions [7].
Two studies explore diverse graphs for color-based representation of emotion state change in
time [4, 20]. Animated visualizations of Self-Assessment-Manikin (a well-established ques-
tionnaire for reporting emotional states in a dimensional model) were also explored for use as
a self-reporting tool [21]. An interesting study on color [1] asked people to design palettes for
states such as calm, playful, exciting, and disturbing.

There are a few literature reviews on emotion visualization. One study by Pinilla et.al.
explores visualization for virtual reality systems [17], highlighting object roundness, color in
terms of brightness and saturation, and textures, applied to the positive-negative dimension of
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Fig. 1. Screenshots of the help screen for defining animation parameters (top) and specifying a
values in the VAD model (bottom).

the emotional state model. Another study explores the visualization of sentiment from text,
proposing a set of color-based tags and graphs, as well as quite interesting aggregation graphs
representing anger and happiness [14]. A review study by Wang et.al. [24] examines a variety of
visual encoding techniques for representing affect that have been used in research to date. The
latter study is the most comprehensive one, but it does not provide a detailed methodology for
its findings. For example, one of the figures shows emotional states’ labels assigned to colors
with a percentage, with no explanation of what the percentage represents.

To sum up, the literature review provided us with a number of visual representations, such
as graphs/charts, graphs with labels, emojis or icons, colors, and shapes with/without animation
to express emotion in information systems. With regard to the research question of the paper,
we have not found a typical representation of an emotional state. There are many studies for
color-emotion association, however we found the results contradictory. There are few or no
studies that deal with other features such as element shape, size or animation speed and type
and this is a research gap we intend to add to with our study.

3. Research Methodology

In order to answer the research question posed, a survey was prepared in the form of an interac-
tive online questionnaire that was developed for the purpose of the study. Emotional states were
visualized as a simple, configurable animation that could be used in different contexts like chats
or dashboards. During the study participants configured the visualization using four parameters
— color, speed, size, and animation type.

At the beginning of the study, discrete emotion labels were selected for which a universal
animation was to be developed. In the first step, the participant specified the values of the four
animation parameters for each selected label, in subsequent steps on separate screens. This was
done through a graphical interface, shown in the top screenshot in Figure 1. First the animation
type was chosen, then the color, speed and finally the size.
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Fig. 2. Selected set of colors.

1. Blinking rectangle (r_blink) 5. Rotating and enlarging square (s_enlarge) 9. Jumping circle (c_jump)
2. Squeezing rectangle (r_squeeze) 6. Jumping triangle (t_jump) 10. Rotating circle (c_rotate)
3. Bouncing square (s_bouce) 7. Bouncing triangle (t_bouce)

4. Rotating square (s_rotate) 8. Enlarging circle (c_enlarge)

Fig. 3. Selected set of animations.

In the second part of the study, for each animation created in the first step, the participant
marked values for the three dimensions of the VAD model, namely valence, arousal and dom-
inance. An animation was displayed and on three screens the participant determined the value
for the awful-pleasant, calm-excited, and compilant-commanding scales, respectively, as shown
in the bottom screenshot in Figure 1. Sample labels for the extreme values of each scale were
also displayed on the screen.

3.1. Survey design decisions

During the design phase of the survey application, decisions had to be made regarding the choice
of emotion labels to be surveyed, as well as the set of colors and animations available.

Emotion labels: The choice of emotion labels to include in the study was determined by a
trade-off between comprehensiveness and the amount of time participants were able to devote
to the study. Given the expected high number of participants, models with a large number of
labels, such as PANAS, PANAS-X, JES, or JAS [12], were excluded. Ekman’s model of basic
emotions, on the other hand, seemed too limited, especially with regard to positive emotions.
Therefore, Izard’s model [11] was chosen as it provides a balanced middle ground. Hence,
the following labels were used in the study: interest, joy, surprise, sadness, anger, disgust,
contempt, fear, shyness, and guilt.

Colors: Color selection was initially based on Plutchik’s theory of emotions [18]. The goal
was to present participants with a wide range of colors, significantly different from each other.
The initial selection was then modified after a pilot study in which participants indicated little
difference between some of the colors presented. Ultimately, the following colors were used in
the study, as shown in Figure 2: red, pink, violet, navy, steel, orange, khaki, green, gray, and
blue.

Animations: The main premise in selecting the animations was their simplicity, so that
they could be used in a wide range of applications. For this reason, it was decided to use ani-
mated simple geometric figures such as rectangle, square, triangle, and circle. Each animation is
looped, that is, when finished, it starts from the beginning. The first frame in Figure 3 shows the
animation’s initial state, the next at one-quarter, the next at half, and the last at three-quarters.
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Furthermore, each animation had two configurable parameters: speed and size, which could
be set in the range 0.1 to 1. For the speed parameter, the lower the value, the slower the animation
and the longer it took to animate from the first frame to the last. On the other hand, for the size
parameter, the larger the value, the larger the animated figure.

3.2. Definition of Variables

For the purpose of the analysis, a set of variables has been defined, which are listed in Table 1.
Four independent variables have been identified, four dependent and two confounding.

Table 1. Definition of variables

Variable* | Short name | Full name Scale type | Range
v VAL Emotional state valence discrete** | {1-10}
v ARO Emotional state arousal discrete** | {1-10}
v DOM Emotional state dominance | discrete** | {1-10}
v EMO Emotional state (label) nominal {interest, joy, surprise, ...}
DV TYPE Animation shape and type nominal | {r_blink, r_squeeze, ... }
DV COLOR Color of animated shape nominal {red, pink, violet, navy,, ...}
DV SIZE Size of animated shape ordinal {0.1-1}
DV SPEED Speed of animation ordinal {0.1-1}
CV AGE Age group of participant nominal {pre-study, study, post-study }
CV GENDER | Gender of participant nominal {M-male, F-female, O-other}

*IV - independent variable, DV - dependent variable, CV - confounding variable; ** can be treated as continuous

4. Results

A total of 419 participants completed the survey, of whom 150 identified as female, 261 as male,
5 as other, and 3 did not specify. The age distribution of respondents is not even, with the vast
majority between the ages of 18 and 32.

4.1. Colors

Based on the data collected, a summary of the colors chosen by participants for each emotion
label was summarized and shown in Table 2. Figure 4 presents a visualization of these results
in the form of pie charts. For the purpose of clarity, less significant color indications, which
accounted for less than 5% of respondents, were combined and displayed as white in the figure.

The results reveal that only for one emotion, anger, one particular color was unambiguously
indicated. In this case, more than 75% of participants indicated the color red, with the share of
other colors being well below 10%. Another emotion with a single dominant color was shyness,
where the color gray was selected by 47.7% of participants.

Another group of emotions are those that are dominated by a set of similar colors. This
group includes the emotion of disgust, for which khaki was the most frequently indicated color,
followed by green and steel, colors of moderate saturation and low value in the HSV color
model. Likewise, for the emotions of sadness and fear, where the predominant colors were close
to various shades of gray, such as navy, steel and gray. In both of these cases, the percentage of
indications of the color khaki was also significant.

Finally, for positive emotions, interest and joy, orange was the dominant color. For joy
emotion, the next colors in terms of indications were characterized by high saturation, and these
were green, pink and red. Meanwhile, for interest emotion, participants also frequently indicated
blue and, to a lesser extent, green.

For the other three emotions, contempt, surprise and guilt, no common features could be
identified from the collected results that determined the choice of color.

For the analysis of the colors chosen by the participants for the emotions in the three-
dimensional model, the results are presented as a heatmap in the Figure 5. As with the discrete
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Table 2. Percentage share of specific colors for each emotion.

emotion red pink | violet | navy steel blue gray | green | khaki | orange
anger 751% | 31% | 2.6% | 81% | 21% | 0.0% | 0.7% 1.7% | 5.5% 1.2%
shyness 1.2% | 14.0% | 3.6% | 2.1% | 8.1% | 102% | 47.7% | 4.8% | 2.4% 5.9%
disgust 21% | 3.8% | 11.6% | 4.8% | 12.1% | 3.1% | 4.0% | 16.9% 33% 8.6%
joy 11.2% | 185% | 2.4% | 02% | 02% | 78% | 2.4% | 28.0% | 0.0% | 29.2%
sadness 1.2% | 0.7% | 5.5% | 29.0% | 26.4% | 10.0% | 12.6% | 0.2% | 13.8% 0.7%
interest 109% | 85% | 73% | 2.1% | 2.6% | 16.1% | 92% | 132% | 1.7% | 28.4%
fear 8.8% 1.7% | 6.7% | 23.3% | 22.3% | 7.6% | 154% | 2.1% | 8.6% 3.6%
surprise 197% | 9.0% | 14.0% | 5.7% | 7.4% | 102% | 12.6% | 4.0% | 6.4% | 10.9%
contempt | 5.7% | 62% | 17.3% | 10.2% | 14.5% | 9.0% | 109% | 5.0% | 14.5% 6.7%
guilt 122% | 7.6% | 155% | 11.5% | 15.8% | 11.0% | 7.6% | 3.1% | 10.5% 5.3%

Table 3. Statistics for indicated speed and size values for each emotion.

size speed
emotion | mean | std. dev. | mean | std. dev.
anger 0.86 0.19 | 0.90 0.17
contempt 0.67 0.22 0.50 0.25
disgust 0.63 0.23 0.60 0.27
fear 0.65 0.30 0.69 0.31
guilt 0.59 0.27 0.44 0.26
interest 0.69 0.22 0.67 0.23
joy 0.80 0.19 0.82 0.19
sadness 0.56 0.29 0.27 0.20
shyness 0.35 0.26 0.30 0.23
surprise 0.72 0.22 0.69 0.26

model, the only clear indication is for the color red. This color was most frequently selected for
emotions of low valence and high arousal and dominance. This is consistent with the previous
observation, as such values in the VAD model are most often identified with the emotion of

anger.

Of the remaining colors, it is possible to indicate a connection on all three axes of the VAD
model for two colors in the shade of gray, i.e., steel and gray. These colors were most often
indicated for low arousal and dominance and medium valence, with the darker shade — steel —
more often chosen for low valence than the lighter one. In addition, the color orange can be
associated with emotions of mid-high valence, mid-high arousal, and medium dominance.

The remaining colors, on the other hand, can be considered in terms of valence dimension.

Fig. 4. Percentage of color indications for each emotion (white represents the sum of indications for
colors with a share of less than 5%).
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Table 4. Spearman’s rank correlation coefficient between VAD dimensions and animation size and

speed.
size speed
valence -0.073388 | -0.046321
arousal 0.313354 | 0.610777
dominance | 0.333827 | 0.443621

The colors navy and khaki were chosen more often by participants at low valence, and green at
high. The other colors correspond to the average valence, with pink and orange skewed toward
the higher values, and purple and navy toward the lower.

For the arousal and dominance dimensions, in addition to the four colors described above,
no significant connection can be found.

4.2. Size and speed

For each discrete emotion label, the mean and standard deviation of the animation size and speed
chosen by the participants were calculated, as shown in Table 3. Variability ranges from 0.19 to
0.30 for size and 0.17 to 0.31 for speed. The emotions of anger and joy are characterized by the
lowest variability, while the emotions of fear the highest.

To provide a comprehensive illustration of the results, the values for size and velocity for
each emotion are shown in the Kernel Distribution Estimation plot in Figure 6.

The emotion of anger is almost unambiguously associated by participants with fast and large
animation. Responses are also dense for joy, and this emotion is likewise associated with large
and fast animations. On the other side is the emotion of shyness, for which low-speed and
small-sized animations are indicated.

Spearman’s rank correlation coefficient was calculated to test the relationship between the
individual dimensions of emotion represented in the multidimensional VAD model and the size
and speed of the animation. The results are shown in Table 4.

The results reveal the highly moderate relationship between animation speed and arousal,
with a correlation coefficient of 0.61. There is also a moderate correlation between dominance
and speed, with a coefficient of 0.44. For speed, on the other hand, a weak correlation was found
for both the arousal and dominance dimensions, with coefficients of 0.31 and 0.33, respectively.
In contrast, the valence dimension is not related to either size or speed.

4.3. Animation type

The survey results for the types of animations that participants chose for each emotion label are
shown in Table 5. In general, no strong correlation can be found between animation type and
emotion.

However, for the four emotions where the number of respondents indicating the leading an-
imation is greater than 20%, some relationships can be seen. Animation “r_blink™ (blinking
rectangle) may be associated with surprise with 28.5% indications, while “t_bounce” (bounc-
ing triangle) with disgust (22.3%)). Finally, “r_squeeze” (squeezing rectangle) and “c_jump”
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Fig. 5. Colors relationship with VAD dimensions.
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Fig. 6. Speed and size for each label.

(jumping circle) may be linked with anger (21.1%) and joy (21.1%), respectively. A bar chart
of the emotions most closely associated with the selected animation type is shown in Figure 7.
However, for most of the other emotions and animations, there is no clear pattern or indication
of any particular association.

The survey data on the selection of participants for each dimension of the VAD model for
each animation type is shown in the heatmap in Figure 8. Similar to the discrete emotion labels,
there is no clear correlation between valence, arousal, or dominance and animation type, but
some clues can be observed.

For the four animations, a link to the level of valence values can be observed. The “t_bouce”
and“r_blink” animations were most often reported by participants as representing a low valence
value. For the former, this is consistent with the responses for the discrete model, where this
animation was most often reported to represent disgust, anger, and fear — all negative emotions.
On the other hand, the “c_rotate” and “s_bouce” animations can be associated with the average
values of this dimension.

There are 5 animations for the arousal dimension that can be linked to its value. The
“c_rotate” animation was most often rated as the one with a low arousal value, and the same
was true for “c_jump”. In contrast, the animations “r_squeeze”, “s_bouce” and “t_bouce” can

Table 5. Percentage share of specific animation for each emotion.

animation
emotion r_blink | r_squeeze | s bouce | s rotate | s enlarge | t jump | t bouce | c_enlarge | c_jump | c_rotate
surprise 28.5% 18.3% 4.0% 1.4% 8.1% 5.2% 4.0% 16.4% 4.5% 9.5%
disgust 9.7% 17.1% 11.6% 5.5% 4.8% 6.2% 22.3% 5.0% 2.1% 15.7%
anger 5.9% 21.1% 21.9% 7.4% 7.4% 4.3% 17.3% 9.5% 3.6% 1.7%
joy 0.7% 13.8% 18.1% 14% 10.9% 7.1% 5.0% 7.6% 21.9% 1.0%
interest 3.1% 11.8% 14.9% 9.7% 15.8% 3.8% 5.7% 21.5% 5.4% 8.3%
shyness 12.4% 3.6% 12.1% 4.0% 8.1% 6.7% 14% 10.2% 8.8% 20.2%
sadness 3.1% 9.0% 12.6% 5.5% 1.4% 11.6% 12.4% 7.6% 19.7% 17.1%
fear 15.7% 6.7% 11.6% 6.4% 9.7% 4.5% 16.6% 18.3% 52% 5.2%
contempt 6.4% 6.7% 13.5% 8.1% 4.5% 15.9% 13.1% 8.8% 6.9% 16.2%
guilt 6.0% 7.2% 12.9% 11.5% 4.5% 10.3% 9.3% 14.3% 12.2% 11.9%
total 9.0% 11.5% 13.3% 7.3% 7.5% 7.6% 12.0% 11.9% 9.0% 10.7%
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Fig. 8. Animations relationship with VAD dimensions.

be associated with high values of this dimension.

Finally, two animations can be linked to the level of the dominance dimension — “c_rotate”
for low values and “s_bouce” for moderate. Therefore, for these two animations, clues can be
identified in each dimension.

4.4. Participants groups differences

We assume that the attributes of size, color, and speed can be considered universal if statistical
analyses do not reveal significant differences between subgroups defined by gender and age.
Under these conditions, it can be concluded that such a representation of a particular emotion
has a more universal character.

For this purpose the nonparametric chi-square test for independence of variables in a con-
tingency table was used. We assumed a threshold of 0.1 for testing the null hypothesis of a re-
lationship of indications between groups. For p-values below the threshold, the null hypothesis
should be rejected. On the other hand, the higher the p-value, the more the responses between
groups are dependent on each other, i.e. the selected factors are more universal. In Tables 6
and 7, cells indicating acceptance of the null hypothesis are underlined.

Table 6 shows the results of the chi-square test applied to the dependent variable color. The
left side shows the results for the association of different colors with particular emotions, while
the right side shows, conversely, the association of different emotions with specific colors. The
latter shows which colors are more universally representative of a distinct emotion, thereby
clarifying the color-emotion correlation across different contexts. Colors that are universal in
this sense are: blue, dark blue, gray, khaki, orange, red, and violet.

Table 7 shows the results of the chi-square test on the variables speed and size. The results
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Table 6. Chi-square tests results of independence of variables in a contingency table for color
representation of emotions between genders and age groups.

p-value p-value

emotion | gender age color gender age

anger 0.1827 | 0.1451 amaranth | 0.0150 | 0.4287
contempt | 0.0234 | 0.1214 blue 0.2331 | 0.4132
disgust 0.6102 | 0.0317 dark blue | 0.6277 | 0.3024
fear 0.0584 | 0.7867 gray 0.2852 | 0.9965
guilt 0.4372 | 0.8746 green 0.1441 | 0.0464
interest 0.0338 | 0.7587 khaki 0.2601 | 0.8758
joy 0.0348 | 0.5211 orange 0.4926 | 0.3167
sadness 0.0237 | 0.8428 red 0.1093 | 0.3162
shyness 0.0176 | 0.0293 steel 0.0015 | 0.8563
surprise 0.4220 | 0.3983 violet 0.1418 | 0.1554

Table 7. Chi-square tests results of independence of variables in a contingency table for speed and
size representation of emotions between genders and age groups.

p-value
gender age
emotion | speed size speed size
anger 0.7873 | 0.2520 | 0.0003 | 0.5579
contempt | 0.3651 | 0.2169 | 0.7811 | 0.0857
disgust 0.8416 | 0.1663 | 0.7410 | 0.6433

fear 0.1040 | 0.9583 | 0.1492 | 0.0972
guilt 0.7966 | 0.1872 | 0.9677 | 0.6195
interest 0.3215 | 0.5431 | 0.7618 | 0.9127
joy 0.3017 | 0.3327 | 0.9366 | 0.5709

sadness 0.1798 | 0.8741 | 0.5875 | 0.1145
shyness 0.0952 | 0.9094 | 0.3795 | 0.7334
surprise | 0.1350 | 0.8140 | 0.7959 | 0.3342

show that these variables are universal between gender groups and between age groups for 6
of the 10 emotions. Emotions for which the p-value is less than 0.1 are: anger, contempt, fear,
and shyness, and therefore their representation in terms of speed and size cannot be treated as
universal.

5. Summary of results and discussion

Analysis of the study results reveals several patterns of animation representation in both discrete
and dimensional models of emotion.

In the discrete emotion model, anger is clearly associated with the color red, as indicated by
a strong consensus (75%) and a p-value above the threshold, suggesting a universal association.
Disgust is represented by khaki, green, and steel, all of which have moderate saturation and low
value. Sadness and fear share a common representation in colors close to shades of gray, while
positive emotions (joy and interest) are linked to orange and green. For dynamic representations,
anger, joy, and fear are usually represented by animations that are fast and large, indicating their
intensity. In contrast, shyness is represented by animations that are slow and small, reflecting its
suppressed nature. Sadness follows this trend with low-speed animations, while contempt, guilt,
and disgust are characterized by moderate speeds and sizes. Statistical tests conducted showed
the universality of the relationship between animation speed and size and emotion labels.

In the valence-arousal-dominance (VAD) dimensional model, red is typically associated
with low valence, high arousal, and high dominance. Shades of gray such as steel and light
gray are most often associated with low dominance, and the latter also with moderate valence.
Furthermore, orange is associated with high valence. Statistical tests revealed a high to moderate
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correlation between arousal and speed. Surprisingly, although animation size is expected to
correlate with dominance based on standard SAM representations [5], it shows only a weak
relationship and is instead more aligned with speed.

With regard to color, our results explained why some findings for the color-emotion associ-
ations, from the previous studies we reported, were not the same. For example, sadness and fear
both are associated with gray, and disgust can be represented with khaki, green, or steel, and
it is not contradictory. In those terms, our study brings a new value of naming a set of colors
to choose from while designing a palette for an information system interface, and shows which
colors are unequivocal, and which ones might be ambiguous.

We also found relation between size and shape of an element and the emotional state. The
data collected does not provide a clear link between animation type and specific emotion, and
this part of the study is inconclusive.

5.1. Validity threats

While these results suggest the potential for using color, shape, size, speed, and animation to
visualize emotion, we note several limitations of our study.

First of all — we studied a limited set of colors, shapes and animations. We also chose to
cover a limited set of emotional states in the discrete model and a selected dimensional model.
The limitations were imposed to keep the procedure simple and short, so that more partici-
pants would complete the questionnaire. Another limitation is the use of an online question-
naire, which may introduce participation bias, as well as bias related to the display of colors
on the various screens used by participants. The display of the same color may vary on dif-
ferent screens, potentially affecting user perception. While this issue could be mitigated in a
controlled laboratory setting where all users use identical hardware, it would result in a smaller
number of respondents. On the other hand, since the goal is to propose a universal visualization,
it is reasonable to collect data from respondents using different types of devices, as they would
do using the actual information systems. Another issue is that we have only tested a limited
range of emotion representations in an abstract context, and translating these findings to actual
interfaces may reveal different phenomena.

Finally, even within our limitations, our results do not provide precise guidance for every
emotional state. However, the findings do offer some further directions to pursue.

6. Conclusion

There is a number of studies that confirm the influence of color on our emotions and mood,
and this psychological effect is widely used in cinematography. In a famous book entitled “If
it’s purple, someone’s gonna die: the power of color in visual storytelling” Patti Bellantoni
explores color as a means for expression of scene or character mood [2]. Cinematography
obviously differs from the design of information systems, and the color palette, as well as other
means that might be applied, differ. The emotions felt while interacting with systems are more
subtle, and the means for emotion visualization are less expressive. Still, there is a need to find
visual techniques that would allow information systems to envision or evoke an emotional state.
Although analysis of literature provided us with a number of studies, the results were frequently
contradictory, and therefore we decided to perform our study, looking forward to contributing
towards finding universal (or at least typical) emotion visualization.

Given the diversity of human perception and experience, it may be impossible to find a
universal emotion visualization that would be interpreted in the same way by all people. How-
ever, the discussion of the mapping of a color or shape to an emotional state is crucial for the
interface design of affective information systems. With our study, we have identified some in-
teresting directions for further research. These include the exploration of other colors, shapes,
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animations, and emotional states, as well as personalized palettes for emotion visualization. In
further research, we also plan to collect and compare components suitable for creating emotion
visualizations, as well as thoroughly examine entire interfaces designed for this purpose.

In addition, we would like to make an important remark with regard to our research. The
visualization of emotional states could offer some benefits in many application areas, such as
empathic communication, artistic expression, the detection of stress or depression, etc. How-
ever, despite good intentions, technologies that detect and visualize human affect can also pose
significant dangers by exposing people’s inner states to others, and should therefore be used
with care and responsibility.
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