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Abstract: In recent years, our environment has become more invasive and stimulating than ever.
People must choose carefully what to look for in their over-stimulated daily lives. One way to
attract visual attention, which may even interrupt the cognitive task being performed, is color.
However, a question arises: Does each color attract the attention of users in a similar way? In this
paper, we attempt to answer this question. Our goal is to investigate whether there are colors that
have a greater visual power than other colors and, thus, can capture the attention of users more
strongly, independent of the background (e.g., color or image). We also discuss which mode of
visual attention (divided or sustained) is particularly susceptible to such visual messages. For this
purpose, a perceptual experiment was developed, in which user preferences concerning user-friendly
and readable color compositions were acquired. At the same time, we measured the unconscious
reactions of users related to their first impression, thus indicating the color composition which first
(from a displayed pair of images) draws the attention of users. Reactions were measured using an eye
tracker. As a result of this research, we found that the background color, in the case of some colors,
does not have a significant impact on the perception of the visual message, even if it is intended to
attract and maintain the attention of the user.

Keywords: color compositions; user preferences; visual attention; image understanding; eye tracking;
human–computer interaction

1. Introduction

Color is an inherent aspect of everyday life. It one of the key factors of visual commu-
nication, both between people and between users and computer systems through graphical
user interfaces. Research has shown that more than 80% of visual information is related
to color (as an information carrier). Color identifies products or companies, the quality of
goods, and important aspects of user interfaces, among other factors [1]. It is often used
deliberately when catching the attention of users is a priority.

In recent years, our environment has become more invasive and stimulating than
ever. People need to choose carefully what to look for in their over-stimulated daily lives.
From year to year, more and more content is presented to us, causing our concentration to
wane. One of the key ways to attract visual attention is through the use of color. Under-
standing color sensation is not easy, as it can be attributed to various theories, including
biological factors, a universal scale of preference existing in people, or unchanging stimulus
qualities. Responses to color may be influenced by social and cultural factors [2]. Color
may cause many visual sensations, such as signaling, intensification, arousal, appeal, or en-
hancement. A single color in isolation may incite certain sensory responses but, in actuality,
colors are rarely viewed in isolation. Color compositions involve more than one color
stimulus being perceived simultaneously. This occurrence may evoke visual sensations
that differ from those caused by a single color stimulus [1,3].

In contact with digital products (specifically, user interfaces) the focus of users is most
often directed to visual messages, consisting of elements which the user interacts with and
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makes a decision (e.g., by clicking a button, picking a menu item, suspending an action,
thinking about the decision).

According to the literature, in the visual message context, attention can be categorized
into sustained attention and divided attention (Figure 1).

Figure 1. Sustained attention and divided attention in the visual message context. The goal of
sustained attention is to hold user’s attention for a longer time during their activity. The goal of
divided attention is to break the user’s focus and attract their attention to an important message.

Sustained attention is used when user needs to focus on one specific task for a long
period of time, such as when filling in a form, making a bank transfer, or finalising an online
purchase. The main emphasis of such a message must be on visual message readability
and user-friendly selection of colors, in order to retain attention and focus.

Divided attention has been defined as our brain’s ability to attend to two or more
different stimuli at the same time, as well as to respond to the multiple demands of our
surroundings. Examples are singing along to a song while driving, having a conversation
while walking, or listening to music while grocery shopping. Some research has suggested
that “in moments where we think we’re multitasking, we’re likely just switching quickly
from task to task” [4–6]. Transitioning from one activity to another depends on a stimulus
that causes focus diversion, such as colors or sounds [7]. In our research, we focus exactly
on such an understanding of the term ’divided attention’, where one activity is in the main
focus while others exist, but are less relevant, at a given time. The visual message then
fulfills the role of warning the user of danger or unwanted actions, such as error messages
or critical alerts. The main emphasis of such a message must be on diverting the user
away from their current activity and quickly attracting their attention. When designing
graphical user interfaces (GUIs), depending on the role they should play, a designer uses
one of the above mentioned types of attention models. The diversity and wide application
of GUIs has caused, in some situations, the user’s attention to be quickly drawn (e.g., error
messages, critical alerts, warnings) while, in other cases, it should be held longer (e.g.,
reading important information, filling in a bank form, user registration).

Therefore, a question arises: how can we effectively attract the attention of a user,
depending on the needs and the task being performed? Companies that run advertising
campaigns compete for user attention differently than designers of user interfaces, by
drawing their attention to call to action buttons (e.g., add to cart, pay, sign up to newsletter)
or critical alerts (e.g., tire pressure loss, slippery surface, wrong password).

A second question is how to interrupt the user’s cognition process such that they
notice an important message that shows up in their peripheral perception. The cognition
process is understood as a situation where the user is engaged in the task and directs
the whole of their focus to this task. Meanwhile, cognitive process interruption is the
process when another task (than the one which is the subject of their focus) redirects a
user’s attention. In such a case, the following questions can be asked: How can the users
attention be attracted if they are engaged in another task? Will the color of the visual
message interrupt the cognition process and redirect the user’s sight to the required target?
Will the message be readable? Which colors will attract the user;s attention, and which will
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hold their sight and allow them to freely read the message? These problems are visually
depicted in Figure 2.

Figure 2. The diversity of graphical user interfaces and their widespread applications require taking
different types of user attention into account. Most frequently, the designer develops graphic elements
that aim to draw the attention of users (divided attention), to hold their attention (sustained attention)
or, sometimes, with both of these intentions. In divided attention (case 1), the visual message aims
to draw the user’s attention and be manifestly noticeable among other graphical elements (e.g.,
error messages, automotive systems). The time that the user’s attention is focused should be short,
such that the visual message plays an alerting role and allows them to return to their previous task
as quickly as possible. In sustained attention (case 2), the visual message is intended to hold the
user’s attention for a longer time, allowing them to execute their action (e.g., filling in a bank form)
comfortably. The visual message should be friendly and readable, such that the user is calm and
focused on the action at hand. Both these cases require the designer to select an appropriate color
palette, in accordance with the role of the visual message. As a result of the conducted experiment,
we were able to select colors for each of the cases described above. This can constitute an additional
source of knowledge for designers during the graphical user interface design process.

This paper attempts to answer the above research questions, based on an analysis
of user behavior in response to simple color messages (composed of two colors: one for
the background and one for a pictogram) in a perceptual experiment. In our research, we
focus on the simple color messages, understood as graphical user interface components,
such as buttons, menus, forms, logos, and pictograms. We did not include user reactions
to backgrounds that contain multiple colors, such as website layouts. The main goal of
this paper was to determine which colors hold the attention of users for a longer time
during their activity, and which colors break the focus of users and attract their attention
to an important message. To achieve this goal, a perceptual experiment was conducted
(Section 3) and the obtained results were analyzed (Section 4). In Section 5 we discussed
the results and finally Section 6 concludes the paper.

The main contributions of our work are:

• The measurement of natural reactions of users related to their first impression, indi-
cating the color composition that first (from displayed pair of images) draws their
attention. The users were not familiar with our intention, which enabled us to register
bottom-up attention, which is significant in divided attention models.

• The measurement of user preferences related to user-friendly, readable color com-
positions. As the user understood our intention, these preferences correspond to a
top-down attention model, which is significant in sustained attention models.

• Taking into account the different types of visual attention, we selected those colors
that attract the user’s divided attention and sustained attention, respectively. The first
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group of colors can be used in systems such as automotive systems, where the key
factors are short attention span and rapidly drawing attention. The second group is
useful for systems such as user interfaces, advertisements, and so on. The predominant
color in this group turned out to be white, which provides long attention span, holding
attention with high readability together with user friendliness.

2. Related Work

In graphic interfaces (e.g., websites, applications, systems), the attention of users
is drawn to its components, such as buttons or icons. These are the components that
lead to the acievement of business goals through facilitating the user performing certain
actions (e.g., add to the basket, buy, subscribe to newsletter, share). User actions influence
the conversion rate, which is the basic measure of the effectiveness of online marketing
activities [8]. According to the methodologies of Nielsen (www.nngroup.com, accessed on
15 October 2021), one of the techniques for highlighting components in graphical interfaces
is color. It has a calming function and can positively impact on the user (e.g., when filling
out a form). It can also have a distinguishing function and draw the user’s attention to
important information (e.g., when an incorrect password has been used). The relationships
between colors and their influence on the user, in terms of psychology and society, have
been determined [9]. We can talk about warm and cold colors, more and less contrasting
colors, neutral colors, and so on (www.colormatters.com, accessed on 15 October 2021).
Much depends on what action the designer wants to achieve: To attract or maintain
attention.

Correct color assesment by a human is influenced by many factors. Above all, they are
differences in light source that can give different color impressions, depending on spectral
range. Apart from that, the characteristics of the observed object are important, as well
as environmental conditions connected to the observation direction or light position [10].
A known phenomenon is spatial effects; for example, a line or object arrangement can
cause an optical illusion that has a significant influence on color perception [9]. Long
exposure to intensive colors causes retinal fatigue, which gives an impression of colors
being continuously displayed, and a rest or sight neutralization is necessary. Human sight
is also characterized by a low ability to remember colors, which means that images have to
be watched simultanously to be able to assess the difference between them. Age and the
eye ageing process should also be taken into account. Research has shown that, with age,
color perception disorders build up [11] and contrast sensitiveness emerges [12].

Color perception changes, depending on differences in the size and background of the
observed object [9]. Colors on large surfaces appear brighter and more vivid than those
observed on small surfaces. This phenomenon can cause mistakes in color perception.
Colors placed in front of a bright background seem to be darker than when they are put
in front of a dark background. This is called the contrast effect, and is undesirable for
precise color assessment. The above research indicates that color perception is not a trivial
issue. When designing perceptual experiments with colors, it is important to simplify them
as much as possible, which not only makes it easier for the user to perform it, but also
increases the credibility of the collected data.

When analyzing the literature, one can find reports in which the preferences and
visual attention related to colors have been studied [1,13,14]. In [14], Kawasaki et al. have
focused on the relationship between subjective preference and visual attention-related
brain activities. They used colors as information for preference decision making, in order
to decrease the number of visual features. Although they noticed that simple stimuli have
advantages over natural scenes or attractive faces, both of which have many features,
the other systematic components of color (e.g., brightness, RGB dimensions, and fixation
colors) can influence the associated preference judgments. In the paper [1], Camgöz et al.
have discussed the problem of indicating different color properties, such as hue, saturation,
and brightness, on user preferences and attention. Analyses of data on attention showed
that brightness and saturation levels are more important than the hue component in

www.nngroup.com
www.colormatters.com
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attracting attention: they found that the most attention was attracted when using colors
with maximum saturation and brightness. We took advantage of this fact in our study.
The drawback of the approach was its form, where the participants were shown a color
palette with 49 squares of seven colors with different saturation and brightness levels.
Introducing such a large number of colors into the space made it difficult to evaluate,
which was tied to noise in participant’s results. In addition, the colors were analyzed
independently of each other, without a final summary or ranking.

Approaches to capture visual attention have been reported in various studies [15,16],
where an EEG signal was used for estimating visual attention; however, eye tracking
systems are most often used for this task [17–19]. In [20], the authors indicated an eye
tracking study as a reasonable method to investigate how visual attention behaves under
particular complex stimuli and tasks. According to the study [21], overt attention is
usually associated with eye movements, mostly related to gaze fixation and saccades.
The first of the eye movements—saccadic—are rapid, ballistic movements that brings
new objects of interest into the fovea. Saccades are said to be ballistic as, once one starts,
it will not stop until the target location is reached. The second type of eye movements
are fixations, which position the target object into the fovea. This allows the eyes to
maximize their focus on the object. Saccades are related to so-called spatial attention,
a mechanism that chooses the destination of each subsequent saccade. In other words,
it can be used to select process information from different locations [22–24]. Allocating
attention to a position in space results in faster and more accurate processing of luminance
and form information in a region of space surrounding that location [23,25,26]. In addition
to enhancing perceptual processing, attention may also be important in guiding “action
systems,” such as reaching [27]. As shifts in attention can occur much faster than changes
in eye position [28], spatial attention can be used during one fixation to choose the location
for the following fixation. Despite the fact that the first attention takes place before fixation,
attention is the mechanism that suggests where the sight should be allocated. In context of
divided attention, the place where the observer allocates (or, rather, redirects) their sight is
what we focus.

The studies presented above have mainly analyzed the role of colors in relation to
psychological meaning, accessibility, and preferences of colors; however, there is a lack of
comparisons of different colors, in relation to their background, in the context of graphical
components of user interfaces. Indicating those colors that attract the attention of users
more than others could enhance the process of usability in GUI design. The research goal
of this paper is, thus, finding such colors that have a greater visual power than other colors
and catch the attention of users more strongly, regardless of the background. This means
that they should be visible, despite the surrounding environment. The visualization of the
considered problem is depicted in Figure 2.

To achieve this goal, a perceptual experiment was developed, where user preferences,
related to user-friendly, readable color compositions, were measured. At the same time, we
measured the unconscious reactions of users related to their first impression, indicating the
color composition that (from a displayed pair of images) draws the user’s attention first.

3. Materials and Methods

To analyze the effect of color images on user attention, a perceptual experiment was
conducted. We define the experimental procedure in detail below.

Screening Observers. For the experiment, 41 participants were employed. The ob-
servers may have reported implausible impression scores as they misunderstood the ex-
periment instructions, or did not engage in the task and gave random answers. Therefore,
a screening procedure should be employed. We conducted screening using the approach
described in the [29] standard (Annex 2.3.1), which provides a numerical screening proce-
dure. This procedure involves counting the number of trials in which an observer’s result
lies outside the ±2 standard deviation range, and rejecting those observers for whom: (a)
More than 5% of the trials are outside that range; and (b) the trials outside that range are
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evenly distributed, such that the absolute difference between the counts of trials exceeding
the lower and the upper bounds of that range is not more than 30%. We performed this
procedure on our data and found that four participants needed to be removed.

All analyzed data were fully anonymized. Before the experiment, the participants
provided informed written consent to have their data from the perceptual experiment used
in research (according the Bioethics Committee Agreement no. KB-0012/24/2020).

Choice of colors for the experiment. Color theory encompasses a multitude of defi-
nitions, concepts, and design applications. There are three basic categories of color theory
that are logical and useful: The color wheel, color harmony, color contrast, the context of
how colors are used, and so on [30–32].
When choosing colors for the experiment, we observed the following rules:

• Using a low number of colors (max. 10 colors). Too many variants could affect the
user’s perception and the course of the experiment.

• In accordance with the above, variations in brightness and color saturation were
excluded. These parameters were implicitly set to 100% (except for white, gray,
and black colors), based on the research results reported in [1], where it was shown
that users reacted most to colors with the highest saturation level (at least, in the
context of GUIs).

• Neutral color inclusion: White, black, gray. They serve a calming and reassuring role
in web design. Neutral colors do not compete with primary and secondary colors;
instead, the complement them. Gray is usually used as a background for color analysis
and comparison.

• Saturated colors are most often chosen as eye-catching elements on a website.
• Warm and cold color inclusion. The wavelengths of these colors evoke warm feelings

in people or leave a cold effect, respectively.

By analyzing trends and design patterns for websites published on awwwards.com
(accessed on 15 October 2021) or colormatters.com (accessed on 15 October 2021) , one
can observe the “Vibrant Colors Modulated by Neutral” trend. According to this, the use
of basic, saturated colors as the main elements of websites has become more and more
common; for example, in advertisements, slogans, menu, and buttons. According to the
above mentioned trend, these are combined with neutral colors to soften them and increase
their visibility.

We have based our choice on the traditional color wheel, also known as Newton’s
Disc, which has been the basis for a lot of later research and many systems and theories.
In one variant, the color wheel can be divided into three parts, consisting of the primary
colors red, yellow, and blue. Mixing these colors creates the secondary colors orange,
green, and violet. Therefore, we based our experiment on nine colors: Red, yellow, blue,
orange, green, violet, black, gray, and white (see Figure 3). The selected colors are defined
in standard color space for RGB display devices, with the following values: Red (255,0,0),
yellow (255,255,0), blue (0,0,255), orange (255,125,0), green (0,255,0), violet (125,0,255), black
(0,0,0), gray (145,145,145), and white (255,255,255).

Experimental method. Our approach was based on perceptual experiments. First,
in Stage 1 (see Figure 4), our intention was to identify color compositions that matched in
the most noticeable way. We used forced-choice metrics in this experiment.

Therefore, we attempted to indicate color combinations that attract attention in a more
friendly way. Choose the color composition that you think attract the people attention to
the poster concerning the thing you lost. The question was verified through consultation
with a psychologist. It is easier for the people to answer a question that is natural and does
not require additional knowledge. Next, from the separate color ranking, determined for
every background color, we computed one ranking for user preferences and one for user’s
first impression (Stage 2). In Stage 3, we used the k-means clustering algorithm to identify
the colors that dominated the visual space, independent of the background. Below, we
explain the forced-choice procedure we used in Stage 1.

awwwards.com
colormatters.com
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Figure 3. Color wheel, including the colors selected for the experiment: Three warm colors (yellow,
orange, red), three cold colors (green, blue, violet), and three neutral colors (white, gray, black).

Figure 4. Overview of the algorithm used for collecting conscious and unconscious data (Stage 1),
as well as their processing (Stages 2 and 3) to receive the final results.

When ordering in the forced-choice pairwise comparison procedure, the observers were
shown a pair of images (with the same primary color—background, and different secondary
colors—pictogram), and were asked to indicate the more eye-catching image. Observers
were always forced to choose one image, even if they saw no difference between them
(hence the name “forced-choice”). There was no time constraint within which the observer
had to make their decision. This method is popular, but is highly tedious if a large
number of images need to be compared. However, as reported in [33], such a approach
results in the smallest measurement variance and, thus, produces the most accurate results,
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in comparison with other metrics commonly used in perceptual experiments, such as single
stimulus, double stimulus, or similarity judgement [33].

Experimental procedure. The observers were asked to read written instructions
before every experiment. Following the [29] recommendations, the experiment started
with a training session, in which observers familiarized themselves with the task, interface,
and displayed images. To ensure that observers fully attended the experiment, three
random trials were shown at the beginning of the main session, without recording the
results. According to [29], this is a standard procedure used in perceptual experiments.
The trials displayed at the beginning were displayed again at the end of the experiment.

Two consecutive trials showing a different pair of pictograms with the same back-
ground were avoided, if possible. The experiment was performed with the use of an eye
tracker; therefore, each experiment was preceded by eye tracker calibration, after which
the user could start the experimental procedure. Although the task presented to users
in the manual was to choose a color composition that attracted their attention in a more
friendly way, we also recorded the unconscious reactions of the user (eye tracking signal).
The reaction to the displayed color compositions was independent of the cognitive task
execution. Based on the eye tracker signal, we were able to identify the color composi-
tions that drew their attention at first impression. Therefore, throughout the experiment,
the positions of the user’s pupils were identified and information about the associated
fixations was collected. For the experiment, we used a Gazepoint GP3 HD 150 Hz eye
tracker. To determine the fixations from the raw gaze signal, the GP3 built-in filtration
procedure was used.

Characteristics of the stimulus and experiment conditions. In order to find the most
eye-catching and user-friendly color pairs, 72 images were prepared as follows: for each
of the analyzed colors (black, gray, green, blue, violet, red, orange, yellow, and white),
one color was fixed as primary (and set as a background), while the second color for each
generated pictogram was chosen from the set of remaining colors and called the secondary
color (set as a pictogram).

Example images with a gray primary color are depicted in Figure 5. The images had
an oblong shape in 1:2 proportions, which allowed for better fitting them to the display
resolution. They took up 40% of the full screen surface. The object shapes were picked such
that they did not distract the user. Hence, we chose a regular square shape and the widely
known e-mail icon. However, colors, not shapes, were our primary focus. The choice of
colors for the experiment is presented in the Figure 6.

The experiment was conducted in 41 naive observers who were confirmed to have
standard or corrected-to-standard vision. The age of the observers ranged from 25 to 60.
For additional reliability, each observer repeated each experiment three times, but no two
repetitions took place on the same day, in order to reduce the learning effect. According
to [33], collecting 30–60 repetitions per condition is sufficient; where condition denotes two
matched colors, represented by pictogram and background, in our context.

The images were shown on a 50% gray background, which has been recommended
by International Color Consortium (www.color.org, accessed on 15 October 2021) as a
background for comparing colors. The same background was used for the intervals
between displayed pairs of images. The mouse cursor was reset to a neutral position
after each trial. The experiment was conducted on an EIZO ColorEdge CG220 22.2 inch
display, calibrated using X-Rite i1 Publish Pro 2. For optimal eye tracking, the distance from
the participant’s eyes to the eye tracker was set at 60 cm, as recommended by Tobii [34].
In the room, constant and uniform lighting conditions were ensured through the use of
lamps with color temperature 5000 K (D50 standard). According to the International Color
Consortium, the color observation angle was 2◦. Additionally, surrounding light in the
room was regularly controlled using a Sekonic L-478DR light meter. For comparison,
only images with the same primary color were displayed (see Figure 5). This enabled
reliable comparisons by users, as introducing more than three colors (one primary and

www.color.org
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two secondary) would make the experiment difficult to conduct, or may even lead to
inconsistent results.

Figure 5. Example test images used in the experiment. In the figure, the images are composed of a
gray color set as primary for the background, while the remaining colors (blue, grey, green, orange,
red, violet, white, and yellow) are set as secondary colors.

Figure 6. Data collection method used in the experiment. First, an empty image with 50% gray
background was used during intervals between displayed pairs of images. Afterwards, images with
different color composition and the same background color were displayed, according to the forced-
choice procedure. The conscious choice of users was indicated by clicking on an image, while the user’s
unconscious choice was identified by the position of the first fixation on one of the two displayed
color compositions. The display procedure of alternating empty screen and pair of color compositions
was repeated until all possible comparisons of color compositions within each background color
were displayed. Consequently, 27 comparisons were displayed for each background color × nine
background colors, for a total of 234 comparisons + three dummy comparisons at the start of
the experiment.

Eye tracking metrics. The primary requirement of eye movement analysis, in the
context of gaze-contingent system design, is the identification of fixations. Fixations
naturally correspond to the desire to maintain one’s gaze on an object of interest [35].
Henderson and Hollingworth (1998) [36] have reviewed past results, and indicated that
the positions of fixations within a scene are non-random, with fixations clustering on
informative scene regions. Fixations were considered the most suitable feature recorded by
the eye tracker for our analysis. The main issue in the analysis of divided attention is to
identify the areas where the user’s eyes essentially stop scanning about the scene, holding
the central foveal vision on the places that attract the user’s attention most.

In this research, our focus was to obtain an indication of the color composition that
first attracts the attention of users. As the very first impression can be recognized by the
first fixation, we used this in further analysis. The metrics were measured just after the
pair of images was displayed and assigned to the color composition that first attracted
the user’s attention. To properly conduct eye tracking analysis, we defined two areas of
interest that cover the displayed stimuli—AOI1 (the stimulus on the left) and AOI2 (the
stimulus on the right)—with which the metric “first fixation” was computed.

In order to avoid situations where the fixation of eyesight was a remnant from the
previously displayed slide, and to make the color choice independent of the previous slide,
an empty screen with 50% gray was displayed between consecutive slides. This ensured
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that all the measurements from the image were independent of the previous impression.
The schema of the experiment is depicted in Figure 6. On average, 75% of the trials per
user met the criterion of the first fixation appearing after displaying the image, which
corresponded to the natural situation of attracting the user’s sight to the displayed stimulus.
Such situations appeared despite the mouse cursor displaying at the center of the screen to
reset the user’s sight to a neutral position after each trial. The fixations that started in AOIs
before the pictograms were displaying could be the result of after-images, which might
interact with the next trial. Therefore, these data were ignored from the analysis, in order
to not distort the correct data.

It is worth emphasizing that the task given to users was to evaluate which color
composition attracted their attention in a more friendly and readable way (See: Experi-
mental method). The unconscious attraction of the eye to the stimulus, as the very first
reaction, was often independent of the final result of the user’s conscious choice, which
was indicative of the actual strength of the stimulus that was attracting the user’s attention.

An example situation of an eyesight path, where the first fixation indicates the color
composition and where the user made their preference, is presented in Figure 7. As depicted
in Figure 7B, the color composition that caught the user’s eye first was not necessarily
the one which they made a conscious choice of declaring to be color composition which
is visible and friendly at the same time. In the example picture, the user’s eyesight was
drawn to the white pictogram color but, ultimately, their preference was related to the
black pictogram color. In Figure 7D, the situation where the user could not make a decision
and analyzed the displayed images for a long time is shown, where they finally made the
same choice as their eyesight was originally drawn to (e.g., the violet pictogram color).

Figure 7. Example situations of eyesight paths, where the first fixation indicates the color composition:
(A). Empty screen with fixation path; (B). unconscious choice of color composition by user’s eyesight
(big cyan circle) and conscious choice by the user (cursor icon). The unconscious and conscious
choices are different; (C): empty screen with fixation path; and (D): unconscious choice of color
composition by user’s eyesight (big cyan circle) and conscious choice by the user (cursor icon).
The unconscious and conscious choices are the same.

3.1. Confidence Intervals and Significance

Most studies are expected to report, in addition to the mean scores, the 95% confidence
interval for the mean (i.e., the range of samplings from the population that would lead
to a confidence interval that includes the population mean). Despite the fact that a p-
value < 0.05 is typically used as the significance level, according to Fisher [37], there is no
authoritative reference for using 0.05 as the significance level.

According to [38,39], research results should be considered in connection to their
domain. Statistical significance does not mean practical significance. Only by considering
the context can one determine whether a difference is practically significant (i.e., whether it
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requires action). Such an individual approach to research results often occurs in marketing,
user experience, and service design [40]. This means that the error value during medical
data analysis has a completely different influence on system behaviour, in comparison to
that in the assessment of tendencies in visual messages. In the latter case, all tendencies
and suggestions increasing the readability and accessibility of the multimedia message are
important. Therefore, values of p < 0.1 are perfectly acceptable in this case and, so, we
considered p < 0.1 to denote statistical significance in our analysis.

3.2. Effect Size

To visualize the effect size, we used the graph proposed in [33]. This method is very
useful, as it not only indicates whether the sustained or divided attention for different
pictogram colors (independent of background colors) are statistically significant, but also
whether they are significant from a practical point of view. The results are depicted in
Section 4.2. The percentage numbers shown on the relation lines are the key feature of
the graphs. They represent the estimate of the probability that the setup on the right is
more visible than the setup on the left. When two setups are visible in the same manner,
this probability is 50%; if one setting is always indicated as visible, the probability is 100%.
If the mean visibility for both setups are ui and uj, and they have a common variance σ2

and equal sample sizes, such probability is depicted by Equation (1).

P = 1− 1
σ
√

4π

∫ 0

−∞
e
−(ui−uj)

2

4σ2 dt. (1)

The p value is computed from the normal cumulative distribution function, assuming
that the variance of the visibility difference is 2σ2.

The considered probability is very useful, as it estimates in which percentage of
cases an average observer will prefer one setting over another. For example in Section 4.2
(Sustained attention), the white color group was statistically different and better than the
yellow/black groups, but users preferred it only about 63% of the time. On the other hand,
between yellow/black and blue/green/red groups, we found no significant difference,
but the yellow/black group was 73% times more preferred.

4. Results

The following section discusses the results of the perceptual experiment with the
main goal of analyzing the influence of the background color on visual message reception;
that is, attracting the user’s attention (divided attention) and maintaining it (sustained
attention). We would like to identify colors that attract the attention of users, regardless of
the surrounding color (background color), and those that only attract attention when they
are present in the context of another background color. Similarly, we would like to identify
colors that maintain user attention and allow for uninhibited reading of visual messages,
regardless of surroundings, as well as those that require a background color.

To compare the data between users, before the analysis, the results were submitted to
standardization and normalization procedures.

4.1. Rankings for Different Background Colors

The rankings for both user preferences and the first impressions were created accord-
ing to the following procedure. In both cases, the color composition received a vote if:
(i) it was selected by the user consciously (preference assessment) and (ii) unconsciously,
by eyesight (very first impression). Rankings were created only between colors with the
same background color, just as the color compositions were compared in the experiment.
Consequently, nine rankings for various background colors (i.e., black, blue, gray, green,
orange, red, violet, yellow, and white) were obtained. The collected results for both prefer-
ences and eyesight are presented in Tables 1 and 2, respectively. In each of the rankings,
the subsequent positions of pictogram colors were assigned values from 1 to 8. Conse-
quently, for each of the colors of the pictogram, a vector of nine values was obtained, where
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a position equal to zero corresponded to a background color when it was the same as the
color of the pictogram. In Stage 2 (see Figure 4), the vector values for each pictogram color
were added, forming one vector for sustained attention and another for divided attention.

Table 1. Ranking of collected results regarding preferences, with respect to nine different back-
ground colors.

Position in RankingBg Color 1 2 3 4 5 6 7 8

black gray orange violet blue red green yellow white
blue violet gray orange red black green yellow white
gray violet blue orange black red green white yellow
green yellow orange gray red white violet black blue

orange red gray violet green black blue yellow white
gray orange gray violet blue black green yellow white
violet blue gray orange red black green yellow white
white yellow gray orange green violet red black blue
yellow green orange white gray red violet black blue

Table 2. Ranking of collected results regarding eyesight, with respect to nine different background
colors.

Position in RankingBg Color 1 2 3 4 5 6 7 8

black orange gray yellow violet white red blue green
blue gray violet red orange white black green yellow
gray orange blue black red green violet white yellow
green gray white black orange violet blue yellow red

orange gray blue violet red yellow white black green
gray violet gray orange green white blue yellow black
violet gray blue white red orange black yellow green
white yellow orange red violet black green blue gray
yellow green gray black blue white orange violet red

Sustained attention. Figure 8 presents the results of an experiment where user prefer-
ences were tested. User preferences are given as a sum of ranking positions, determined for
every background color, according to Table 1. The color white was evaluated by users as
the most friendly and readable. The remaining colors were ranked in the following order:
yellow, black, blue, green, red, violet, and orange. The gray color was evaluated by users
as the least friendly and readable.

Figure 8. Sustained attention: User preferences, given as a sum of ranking positions determined for
every background color (according to Table 1).

Divided attention. Figure 9 presents the results of an experiment where user reaction
to displayed colors was tested. We examined which color compositions attracted the
attention of users first and, therefore, the color composition with first fixation was taken
into account. The first impression is given as a sum of ranking positions, determined for
every background color, according to Table 2. The green color attracted the attention of
users the most, followed by, in order: Yellow, black, red, white, blue, violet, and orange.
The gray color attracted their attention the least.



Appl. Sci. 2022, 12, 225 13 of 19

Figure 9. Divided attention: First impression of users given in a sum of ranking positions determined
for every background color (according to Table 2).

4.2. Division into Groups

Division into groups was computed based on the k-means clustering algorithm in
Stage 3 of our algorithm (see Figure 4). The results for sustained attention are depicted
in Figure 10, while those for divided attention are shown in Figure 11. It is worth noting
that, independently of the attention model, the low-ranking positions belonged to the same
colors: Violet, orange, and gray. This means that they should not be used in any situation
where drawing attention is of particular importance.

Figure 10. Sustained attention, assessed by user preferences. Top: division into groups was computed
based on the k-means clustering algorithm; Bottom: luminance for each group of colors. Although
the data are discrete, the dotted line in the graph was added to emphasize the luminance differences
between the corresponding colors in the ranking.

Figure 11. Divided attention, assessed by user’s first impression. Top: division into groups based on
the k-means clustering algorithm; Bottom: luminance for each group of colors. Although the data are
discrete, the dotted line in the graph was added to emphasize the luminance differences between the
corresponding colors in the ranking.

When the groups of colors were selected, the statistical significance between them
was examined. We checked the data distribution and found it to be normal, and the
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variance was homogeneous; therefore, the ANOVA test with a confidence level of 90% was
employed in further analysis.

To exclude the influence of luminance on the experimental results and color perception
by the user, luminance was calculated for each color. For each image (consisting of a
primary and secondary color), a luminance value was calculated for each pixel, and these
values were averaged. Figures 10 and 11 present the luminance values for all background
colors, composed with pictograms colors, respectively for sustained and divided attention.
The luminance results were in agreement with widespread color theory and models: the
highest luminance was for the white color, and the lowest was for black. Comparing
luminance charts to the color ranking, it can be expected that luminance did not have an
important influence on user preferences or ET. The ranking distribution, in both cases, was
different from the luminance values.

Sustained attention. The group of colors that the users considered to be most readable
and friendly was Group 1 (gp1), independent of background color, consisting of white (see
Figure 12). Its result was statistically different from those for the rest of the groups; that is,
black and yellow (gp2), blue/green/red (gp3), and violet/orange/gray (gp4). The group
gp4 attracted the user’s sustained attention the worst, independent of the background
color. There was no statistical difference between the results for groups gp2 and gp3.

The p-values obtained from ANOVA test with 90% confidence level are presented in
Table 3. As mentioned above, only the two middle groups (gp2 and gp3) did not differ
statistically significant from each other. However, in practice, when analyzing the effect
size, 73% of users preferred the yellow/black group over the blue/green/red one. On the
other hand, despite the statistical significance between gp1 and gp2, only 61% of users
found the white color to be more readable and friendly than yellow/black. This means
that white more strongly attracted the sustained attention of users, compared to the other
colors, independent to the background color; however, yellow and black colors can be also
taken into account. For the next colors—blue, green, and red—their choice in components
that should attract the attention of users should be considered carefully. Taking the value
of contrast between the colors and background into account could be helpful. In the case of
the other colors—violet, orange, and gray—their use will not attract visual attention and,
so, they should not be used in applications where the visibility and user-friendliness of
multimedia components is crucial.
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Figure 12. Effect size and ANOVA results for the four analyzed groups—white, black/yellow,
blue/green/red, and violet/orange/gray—acquired from user preferences. Left: ranking plot
showing the relationship between the pictogram color groups (independent of the background).
The percentage numbers shown on the relation lines indicate the effect size result. If the line
connecting two groups is red and dashed, there was no statistical difference between that pair of
groups, while a blue line indicates that statistical significance was obtained, as computed by ANOVA.
The X-axis is preference for the color, independent of the background. Right: Mean values of the
four groups.
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Table 3. Sustained attention measured by user preferences: p-values for the 90% confidence level
ANOVA test. All data were statistically significant from the perspective of HCI studies (p < 0.1).
The color groups are marked as follows: g1, white; g2, black/yellow; g3, blue/green/red; and g4,
violet/orange/gray.

Group 1 Group 2 p-Value Group 1 Group 2 p-Value

g1 g2 0.045 g2 g3 0.098
g1 g3 0.017 g2 g4 0.001
g1 g4 0.000 g3 g4 0.000

Divided attention results. The group of colors that captured the divided attention
the most, independent of the background color, was composed of green and yellow. Their
effect size was statistically different from both violet/orange (g3) and gray (g4) color
groups, which attracted the divided attention of users poorly (see Figure 13). There was no
significant difference between the green/yellow group (g1) and the black/red/white/blue
(g2) one; however, the p-value from the ANOVA test was equal to 0.083 (see Table 4), which
means that the groups can be distinguished, in the context of HCI. Analyzing the effect size
of green/yellow and black/red/white/blue groups, only 62% of users preferred group g1
over group g2.

In practice, this means that two colors—green and yellow—attract much more of the
users attention than the other colors, independent of the background color. Therefore, we
suggest their use in all applications where the divided attention should be captured. How-
ever black, red, white, and blue, when taking into account their contrast with background,
can be used successfully in such applications as well. On the other hand, violet, orange,
and gray performed poorly in attracting the attention of users. This means that, in the
context of interfaces and multimedia components that should attract the divided attention
of users, these colors should not be used.
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Figure 13. Effect size and ANOVA test results for four analyzed groups—green/yellow,
black/red/white/blue, violet/orange, and gray—acquired from the first impressions of users de-
termined using an eye tracker. Left: ranking plot showing the relationship between the pictogram
color groups (independent of the background). The percent numbers shown on the relation lines
indicate the effect size results. If the line connecting two groups is red and dashed, there is no
statistical difference between the pair of groups. A blue line indicates that statistical significance was
obtained, as computed by ANOVA. The X-axis is the ET data (times of first fixation) related to the
color, independent of the background. Right: mean values of the four groups.
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Table 4. Divided attention measured by eye tracker: p-values for the 90% confidence level ANOVA
test. All data were statistically significant from the perspective of HCI studies (p < 0.1). The color
groups are marked as follows: g1, green/yellow; g2, black/red/white/blue; g3, violet/orange; and
g4, gray.

Group 1 Group 2 p-Value Group 1 Group 2 p-Value

g1 g2 0.083 g2 g3 0.057
g1 g3 0.008 g2 g4 0.002
g1 g4 0.011 g3 g4 0.061

5. Discussion

The main task carried out in the paper was an attempt to determine colors that
elicit the user reactions expected by the designer. This research pertained to two types of
attention, which occur the most often when a user is in contact with visual messages and
user interfaces: Sustained attention and divided attention. The conducted research allowed
us to identify the dominant colors, which drew and held the attention of users.

Let us look closer at the research results on sustained attention. White was rated
as the friendliest and most readable, in reference to the background. It can be assumed
that, regardless of the surroundings in which it is present, its aesthetic and readability
are sufficient, and it does not cause sight fatigue in users. Moreover, this color is visible
to every person (with minor differences in brightness). The white color has the highest
brightness coefficient and, therefore, it will cause an illusion of being bigger on top of other
colors. In the psychological context, white is equated to purity and information message
simplicity. When looking at the other end of the ranking, the most background-dependent
colors were gray, orange, and violet. The perception of these colors changed, depending on
the background, and they were generally perceived as unaesthetic and unfriendly for the
user. Visual messages colored gray, orange, or violet were also perceived as unreadable.

An example of a practical application of our research results on sustained attention
is presented in Figure 14. In the example of typical website visualization, two colors are
juxtaposed, where white is the background-independent color and gray is background-
dependent color. The remaining examined colors (e.g., Group 3 in Figure 10) require an
individual approach and examination of each project in the context of its surroundings. We
recommend the application of white for icons, graphical elements, and text wherever it has
no influence on the project surroundings, when the background is colorful (i.e., photogra-
phy), or when the graphic design contains more than 3–4 uniform colors. This research can
be used by designers in website projects, user interfaces (e.g., for applications or systems),
advertisements, informational messages, call-to-action buttons, and announcements.

Now, let us look closer at the research results on divided attention. Green and yellow
colors triggered the fastest user responses and were noticed rapidly. They stand out by
being very quickly noticed as atypical and distinguished elements, regardless to their
background color and surroundings. Their brightness may be the factor that causes this
phenomenon, producing an impression of being dazzled and agitated. The effect is very
intense and occurs for each examined background. Green and yellow colors were found to
be in the same group, thus making them equivalent in this aspect. When looking at the
other end of the ranking, the most background-dependent color was gray. User reactions
to gray was unstable and highly dependent on the background color. In most cases, it was
unnoticeable to the user, even when the background was intensive.

An example of a practical application of the research results on divided attention
is presented in Figure 15, with the example of a typical car dashboard, background-
independent colors (green and yellow), and the background-dependent color (gray) are
juxtaposed. A visualization is shown for icons and numbers (A: green icons, gray numbers,
B: yellow numbers, gray icons). Green and yellow colors highly attract and focus the user’s
attention, regardless of their background, while gray is poorly visible and noticeable only
after user’s gaze is enforced. We recommend the application of green and/or yellow colors
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wherever a user’s attention needs to be drawn quickly (e.g., error messages, warnings,
and critical alerts). It should be emphasized that green and yellow are supposed to be
noticeable, but not friendly and readable. They should not be used for conveying longer
messages, such as informational text; however, can be used by the designer in graphical
user interface design for warning elements, such as medical and car interfaces, warning
systems, and danger messages (e.g., in bank systems or public transport).

Figure 14. Sustained attention: user preference. White color is independent of background (A); Gray
color is dependent on background (B).

Figure 15. Divided attention: user’s first impression. Green and yellow are independent of back-
ground (A, green icon; B, yellow number). Gray is dependent on background (A, number; B, icon).

Our results were consistent with the research described in [1], especially regarding
the part related to user preferences. In the case of attracting the attention of users, in [1],
the experiment was also based on user preferences, where the user’s task was to indicate the
color that most attracted their attention. The methodology of their research, in comparison
to our approach, was completely different. When examining the conscious behavior of the
user, we cannot be sure of their unconscious reactions. Therefore, the foundations of the
study described in [1] are disputable, in the context of identification of the color which,
regardless of our consciousness, is supposed to attract attention. Another approach that
raises doubts is the task of choosing a preferred color composition based on an entire table
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of different color combinations presented simultaneously. According to [33], the pairwise
comparison methodology used in this article is a very effective tool for collecting reliable
data. In addition, importantly, the forced choice method (a type of pairwise comparison
approach) is a much easier task for the user than being presented with all the data at once,
which affects their fatigue and, thus, the reliability of the results obtained.

6. Conclusions

The goal of most graphic projects is to draw the attention of the user, then to hold it
for a longer time on a particular informational message. The application of appropriate
colors in the message not only allows for fulfillment of above goals, but also makes the
colors better match the user’s situation and the message form. Such research is an another
element of positive user experience and user relationship building.

In our research, we showed which colors are dependent on and independent of the
background. We recommend that white be used in GUI components that are intended
to hold the attention of users; however, yellow and black colors may also be taken into
account. We recommended that green and yellow be used in GUI components which are
intended to attract the attention of users. However, each of the tested colors may be used,
depending on the context and business goal. Our results indicated that white more strongly
attracts sustained attention than the other colors, independent of the background color,
while yellow and black can be also taken into account for this purpose. Meanwhile, green
and yellow attract much more of the users attention than the other colors, independent
of the background color; therefore, we suggest their used in all applications where the
divided attention should be captured.

The rest of colors, except for violet, orange, and gray, can be used successfully when
taking into account their contrast with background. The usage of avoided colors (violet,
orange and gray) may lead to failure in attracting attention and, so, they should not be
used in applications where the visibility and user-friendliness of multimedia components
is crucial.
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