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A B S T R A C T

Aesthetic principle not only concerns the perception of visual beauty, but most crucially, the cognitive-affective
responses derived from experiencing such stimuli. Despite this knowledge, user experience (UX) designers often
prioritise beauty over intended end-user affect. This reversed order of prioritisation contradicts the sequential
UX design process, leading to unexpected end-user perceptions and responses. The challenge in shaping UX
before user interface (UI) design is that there first must be prior knowledge of aesthetic affect. A study with
1,782 worldwide participants was conducted evaluating affective user-responses to 43 atomic aesthetics using
153,252 data points and presented as affect ratings (ARs). Results demonstrated high affective resonance
amongst aesthetics evaluated, suggesting aesthetic AR may be a viable method of improving the UX design
process by influencing user perceptions, responses and actions at a non-conscious level. This is the first of a
series of studies in the direction of Aesthetic Semantics®.
1. Introduction

User experience (UX) designers tend to prioritise the creation of
aesthetic appeal (visual beauty) [3] before the process of devising an
intended end-user affect (Moshagen et al., 2009; Doležal, 2011). This
can result in a disjoint between the expected end-user experience and
actual end-user experience, leading to unanticipated user-responses (Ji,
2015; Doležal, 2011). Aesthetic principle concerns much more than just
the appeal of visual stimuli. Most crucially, it concerns the cognitive-
affective responses derived from experiencing such sensory stimuli. The
importance of affective experiences is why modern web design begins
with UX strategy [5], prior to user interface (UI) design (Benyon, 2019)
[7]. In its entirety, the UX ‘‘design’’ process relies on the aesthetic
synergy of beauty and intended user-affect through the combination
of initial UX research and associated UI design (Law et al., 2009). The
philosophy of aesthetics concerns how an observer perceives, interprets
and responds to stimuli in relation to valence and other sensori-emotive
values such as arousal (Shimamura and Shimamura, 2012; Harper,
2016). Ultimately, it is how an observer derives affective meaning
(UX) from aesthetic stimuli (UI) (Shimamura and Shimamura, 2012;
Manu, 2016). The difficulty for UX designers in shaping a desired user
experience before constructing visual design, is that a designer must first
understand what core perceptions already exist for potential aesthetics
of choice.

The growing prevalence of UI-first design tools (i.e. colour genera-
tors, template libraries) is a clear indicator of how the UX-first approach
is slowly being forsaken for visual harmony or designer preference

E-mail address: o.odushegun@dundee.ac.uk.

alone (Holtze, 2006; Ji, 2015). The benefits of using affective UX as
a tool to shape and influence end-user perceptions (Ilyasova, 0000) has
now been overshadowed by the idea that design is a product, rather
than a process (Turner, 2016; Jenlink and Banathy, 2007). Website
builders, CSS libraries and even UI style guides do not categorise nor
present users with the ability to make design decisions based on how
a design should influence end-users’ perception of themselves, their
company or their brand. The potential power of having such an option
is the motivation behind this work, as people often make subjective
decisions based on core psychological affect (Hawkins et al., 2007).
Understanding how UX can be shaped through use of aesthetics allows
affective UX techniques to be applied to design tools (i.e. style guides,
css libraries, templates etc.) that currently do not consider user-affect
as a basis for design decisions.

This work aims to understand users’ affective semantic responses
to the three core aesthetic properties usually considered during the UI
design stage; colour, typeface and animation (Saffer, 2013; Tidwell,
2005). The overall objective of this work is to evaluate the above-
mentioned aesthetics at their most atomic level (Frost, 2016) to discern
whether any pronounced concurrence of distinct affective responses
exist for each atomic aesthetic. The results of this work produces a
quantified dataset of aesthetic affect ratings (ARs) which can be used
computationally to develop a synergised method of guiding affective
UI choices. This may assist towards the future development of design
tools to i.e. produce affective UI style guides based on input of a desired
vailable online 12 December 2022
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AR. This order of process may help improve the synergy between a de-
signer’s intended user experience and the end-user’s actual experience.
The approach of this work begins by asking RQ: Can affect ratings
(ARs) of atomic colours, typefaces and animations be used as a
tool for affective user experience design?

In this work an online quantitative study was carried out to under-
stand users’ immediate affective semantic responses to atomic visual
web aesthetics. 43 atomic visual web aesthetics were evaluated in
the categories of colour, typeface and animation. A total of 153,252
data points were gathered, providing a 2-dimensional measure of users’
affective semantic responses to the aesthetics evaluated. Results demon-
strated high affective resonance in the aesthetic groups evaluated,
suggesting aesthetic AR may be a viable method of improving the pro-
cess of affective UX design by influencing user perceptions, responses
and actions. It is suggested that because affective resonance is prevalent
within the atomic categories evaluated, there is potential for aesthetic
ARs to be used as a tool for guiding affective UI choices. This work
expands on existing user experience research in the following ways:

1. The concept of aesthetic semantics is introduced as a method of
gathering aesthetic affect data, and tested in a user study with
1782 participants.

2. An affect rating (AR) dataset for 43 key aesthetics are presented
based on 153,252 data points, for computational use in affective
UX techniques.

3. Application use cases are suggested demonstrating how AR can
be used to develop affective UX/UI tools

This paper is structured into eight sections covering work described
in the introduction. Key concepts and terminologies are initially pre-
sented before a theoretical background of this work and related works
are discussed. The methodology used in this study is then outlined.
Results are presented as both heat map visualisations and table-based
summaries, before moving on to discussions, limitations and intended
future work. The paper closes with conclusions drawn from work
carried out.

2. Definitions of key concepts

This section provides an overview of key concepts discussed within
this work.

1 Aesthetic principle concerns how an observer perceives, in-
terprets and responds to stimuli in relation to the measure of
valence and arousal. It considers both the affect (cognitive) and
appeal (beauty) of stimuli (object).

2 Aesthetic affect refers to the immediate non-conscious affect an
observer has when sensory stimuli is presented. The context of
this paper explores visual aesthetics and therefore users’ affect to
visual stimuli.

3 Aesthetic appeal refers exclusively to the ‘‘beauty’’ side of
aesthetic principle when stimuli is presented.

4 Atomic design principle refers to the methodology used when
constructing graphical user interfaces. It begins with the funda-
mental building blocks of UI (i.e. colour, typeface, animation)
and sequentially uses these building block to form complete
UI elements (i.e. buttons), and consequently; complete layouts
(i.e. page template). The ‘‘atomic’’ concept takes influence from
chemistry and the periodic table of atomic elements. Where
atoms are the building blocks of matter within chemistry, atomic
aesthetics are the building blocks of UI design.

5 UX strategy is the strategic planning and research stage before
any design commences (Levy, 2015). The intended end-user
experience is defined at this stage.
2

6 UX design is the design of the overall experience of a product. UX
designers must consider how users should feel when interacting
with all aspects of a product. Using guidance from the UX
strategy, core UX design principles (Usability.gov, 2014) are
defined at this stage using tools such as ‘‘UX mood boards’’.

7 UI design is the coming together of UX strategy and UX design
in a tangible form i.e. a graphical user interface. Visuals are used
to convey the intended experience and user journey which were
devised during the UX strategy stage.

2.1. Importance of atomic approach to research contribution

The atomic approach taken in this work is fundamental as a first
step in the direction of aesthetic semantics and use of affect rating
in affective UX design. Data gathered from this study acts as the
building blocks for further research and development, in the same
way Frost’s (Frost, 2016) concept of ‘‘atoms’’ are the building blocks
of atomic UI design, and atomic elements are the building blocks of
matter within chemistry. Without the fundamental AR data associated
with ‘‘atomic-level’’ aesthetics, it becomes difficult for future work
to systematically explore the affects of combining a range of the ex-
plored aesthetics in UI design templates. Atomic AR data makes it
possible to manipulate the use of individual aesthetics explored in this
work (i.e. add, remove, replace) within a page template to potentially
enhance or reduce the overall affect of a page.

3. Theoretical background and related work

The core concept of UX is shaped by the psychology of human
affect, perception and the deep-rooted predispositions that influence
user behaviour (Turner, 2018). The affective use of aesthetics is an
area in human–computer interaction (HCI) research that is greatly
overlooked (Chen et al., 2018) despite its ability to influence human in-
formation processing and the non-conscious > psychological > physical
process (Zheng et al., 2015). For these reasons, it is especially important
to take a multidisciplinary approach to work towards achieving study
objectives. In this section, relevant works and concepts are explored
within the related fields of UI, UX, aesthetic principle, affective science,
semantic theory, subjective/objective balancing, and the difference
between emotion and affect.

3.1. Differences between feelings, emotion and affect

The simplest way of describing the difference between feelings,
emotions and affect is that feelings are personal (psychological), emo-
tions are social (physical) and affect is pre-personal (non-conscious)
(Shouse, 2005; Sklar et al., 2021). Feelings are how humans understand
and label sensations based on personal experiences. Emotion is an
outward projection of feelings and so can be manipulated or controlled
to fit with social norms. Affect, on the other hand, is the ‘‘non-conscious
experience of intensity’’ felt through the body before it has been named,
categorised or interpreted (Shouse, 2005; Zajonc, 1980; Rodriguez,
2009). By using this understanding, one can apply the affect > feeling
> emotion path to real-world occurrences. For example, a person may
see a red light and innately have increased alertness (core affect), they
then have feelings of worry due to their associations of a red light
with potential danger (feeling), resulting in an increased heart-rate and
nervous physical reactions (emotion). This path of core affect > feeling
> emotion (or non-conscious > psychological > physical) (Zheng et al.,
2015) is the same path of intention as affective UX; to affect, create a
specific feeling, and then cause a physical response.
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3.2. The synergy of UX and UI

‘‘UX’’ itself, cannot be visually designed because it is not a tangible
construct; rather, it is the conceptualisation of a desired outcome or
effect, and must be felt by the user (Branaghan et al., 2021; Law
t al., 2009). UI is what allows UX to become physically and visu-
lly accessible (Weathers, 2021; Deacon, 2020). Peter Morville’s UX
oneycomb (Morville, 2005) depicts the 7 factors of UX, grouped
nto 3 specific categories; Think, Feel and Use. ‘‘Thoughts’’ and ‘‘feel-
ngs’’ concerns users’ perceptual and psychological responses towards
timuli (Turner, 2018). Essentially, they both relate to conceptual
xperiences. To ‘‘use’’, on the other hand, involves interaction with a
aterial object (Law et al., 2009). By understanding these differences,

t can be seen that Morville’s UX honeycomb depicts how UI (material
bjects) must work with the conceptual construct of UX (thoughts and
eelings) to be capable of ‘‘designing’’ user experience.

Affective UX design aims to evoke specific perceptual responses in
sers which result in a desired user experience that has been specif-
cally and intentionally shaped by a UX designer, then materialised
hrough UI design (Foundation, 2016). Unlike emotion, affect con-
erns the first instinctive reaction to stimuli ranging from positive
o negative (valence), and from passive to active (arousal) (Barrett,
017; Zajonc, 1980; Rodriguez, 2009). This instinctive response to
timuli gives an ‘‘object’’ ability to influence affective dimensions of
alence and/or arousal in humans (Shimamura and Shimamura, 2012).
t is this process that subsequently allows humans to apply affective
eaning to stimuli (Manu, 2016). Designers should therefore consider

aking an object-meaning approach to affective UX design, as UI ele-
ents act as the necessary ‘‘object’’ which helps deliver the intended

ognitive-affective end-user experience.

.3. An object-meaning approach to UX design

An object-meaning approach to user experience design utilises the
ore concepts of semiotics, which looks at what meanings, interpre-
ations and relationships exist between a ‘‘signifier’’ (object) and its
‘signified’’ (meaning) (Nöth, 1995). The study of semantics is an area
f semiotic theory that looks more directly at deriving explicit meaning
rom a ‘‘sign’’ (anything that has an ability to convey meaning through
ensory stimuli Chandler, 2017). Humans intrinsically associate mean-
ng to signifiers in everyday interactions (Romdenh-Romluc, 2010;
toodt, 1981; Tyagi and Misra, 2011), and this is no different to inter-
ctions made on the Web (Pennanen, 2009; Dumitrescu et al., 2008).
esthetics such as colour, type design (typography), and UI animation
an greatly influence how users engage with web applications because
isuals can often add contextual meaning to textual data (Turner, 2018;
aldwin and Roberts, 2006). This additional contextual meaning not
nly allows faster cognitive processing of information (Huang et al.,
019), but can also significantly impact how a user feels about a

web page in a relatively short space of time (Tuch et al., 2012). The
difficulty in shaping UX through visual design, is that a designer must
first understand what core perceptions and interpretations already exist
for UI elements such as colour, typeface and animation.

Aesthetic semantics is an approach that aims to identify the core,
most resonant affective interpretations of atomic-level visual aesthetics.
In the space of the Web, these ‘‘atomic-level’’ (Frost, 2016) aesthetics
are the individual values within the properties of; colour, typeface and
UI animation (W3Schools, 2006). Combined use of these atomic-level
aesthetics is what forms the basis of UI objects such as animated UI
buttons (i.e. a button can have a colour, text, and a hover animation).
The atomic approach to aesthetic semantics is therefore crucial as a
starting point, because it allows for evaluation of the most fundamental
aspects of each property without compounded influence. This acts as
one of the many control methods used in this research to help minimise
the possibility of confounding variables. With this required atomic-
level data, planned future research can accurately explore how atomic
aesthetics may impact user-affect when they are grouped together to
form UI elements, and then ultimately; full page templates.
3

3.4. Affective semantics of visual web aesthetics

Users’ semantic interpretation of visual aesthetics can be influenced
by a multitude of factors including perceived pleasantness, informative
value and psychological affect (Leplaitre and McGregor, 2004; Lau and
Moere, 2007; Hasan, 2017; Cebi, 2013). Cognitive processing of data
is also far more imminent through use of visuals than words (Snyder,
2016; Sciences et al., 1992). This means users can often form an
impression of a web page in as little as 7 s when considering its
aesthetic construct (Tuch et al., 2012) as demonstrated in two separate
studies by (Kim and Fesenmaier, 2008; Michailidou et al., 2008).
Explicit focus on affect is crucial when exploring aesthetic principle and
UX, as they are both disciplines based around perception and human
affect (Nassiri-Mofakham, 2017; Eysenck, 2001). Whilst these fields
are highly regarded as subjective (Law et al., 2009), much like the
synergistic nature of UX and UI, semantic study of affect must consider
both subjectivity and objectivity in a similar manner (Leahu et al.,
2008).

3.4.1. Subjective–objective balancing
A common argument exists against the large-scale scientific analy-

sis of human emotion due to its subjective nature and cross-cultural
influences (Hardacre, 2020). Whilst these arguments are valid, it is
also somewhat contradictory to the nature of philosophy, psychology,
human–computer interaction (HCI) and user experience; because they
are all somewhat subjective fields of study (Law et al., 2009). Disre-
garding subjective analysis completely, would therefore go against the
core concepts of HCI, UX and other areas of human studies. Likewise,
near infinite possibilities of subtle influence will inevitably exist where
human perception is a key focus of research (Zadra and Clore, 2011).
Considering all these potential factors within a single study would
make research impossible. Therefore, it is not a matter of arguing
against the use of subjective analysis, but more-so about finding the
most reliable and substantiated methods of evaluating subjectivity in
a somewhat objective, quantifiable manner (Leahu et al., 2008). This
work took multiple steps to achieve this, not only through the analysis
of immediate core-affect (as opposed to the slightly more subjective
and culturally-influenced ‘‘emotion’’) 3.1, but through reasoned, sub-
stantiated and scalable methods of data collection. These methods
allow future (larger-scaled) studies to explore cultural affects more
intricately, and is discussed in greater detail within Sections 4, 6.5.1
and 6.6.

3.4.2. Atomic visual web aesthetics
Visual aesthetics form the building blocks of graphical user interface

design. The three core aesthetic properties usually considered during
the initial stage of UI design include; colour, typeface, and UI ani-
mation (Frost, 2016). It is the distinct values within these properties
that are referred to as an ‘‘atomic’’ aesthetic i.e. an individual colour,
specific font or single animation. The following sections discuss the
aesthetic properties explored, why the atomic approach was taken and
justifications behind the selection process.

3.4.3. Colour
Colour has the ability to evoke particular feelings or ideas in

users (Chen et al., 2018; Cyr et al., 2010; Petrovici et al., 2013;
Ferris and Zhang, 2016). Since colour is pre-attentively processed, this
form of visual data is absorbed faster than textual data (Hoeber and
Yang, 2006) and can help to improve decision making times (Benbasat
and Dexter, 1986). When taking a methodical approach to evaluating
the affect of colours, it can become rather copious and complex.
Understanding the classification of primary colours alone can become
somewhat of a tangled experience considering the various colour mod-
els that exist, such as RGB, CMYK and the Opponent model (Kuehni,
2003; Ornstein et al., 1991). However, in this work, the RGB model
was chosen for three core reasons; (1) RGB is one of two ‘‘Web colour’’
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models used for digital displays and web pages (Niederst and Robbins,
2001), (2) The RGB code format allows the broadest colour variance,
as it uses a comma-separated list of three numerical values between
0 and 255; meaning 16,777,216 colours exist in its model, and (3)
unlike HEX web colours - based on the RGB model itself (Meyer, 2006)
- which uses numbers and letters, RGB only uses numbers; allowing
greater flexibility for quantitative analysis techniques.

Three universally known colour groups exist within all colour mod-
els; primary, secondary and tertiary colours (known collectively as
‘‘pure colours’’) (Mollica, 2013). Alongside these groups are non-hues;
black and white. Colour theory and the mechanisms of colour formation
evidences why these four categories are fundamental to every other
colour model, subsequent colours, shades, and various other colour
attributes such as brightness, lightness and saturation (Jain and Smeul-
ders, 1998; Mollica, 2013). Primary colours of RGB are Red, Green and
Blue. Secondary colours of RGB are the same as the primary colours
of CMYK; cyan, magenta, and yellow. Tertiary colours of RGB are
red–orange, yellow–orange, yellow–green, blue–green, blue–violet, and
red–violet.

Non-hues (black and white) are fundamental to colour formation as
they are essential to attributes and qualities of colour such as shades,
tints, tones, brightness, lightness, and saturation (Chapel, 1964; Mol-
lica, 2013). These attributes/qualities run along an infinite spectrum
of user-perceived variance, so cannot be individually defined with a
finite numerical value (Opara and Cantwell, 2014). Ability to specify a
colour precisely requires the characteristics of the RGB space (Krisshna
et al., 2014) (i.e. an absolute colour spaces (Rhyne, 2016)) rather than
alternative colour models such as HSL or HSV which were created as
a simplified version of RGB (Sonka et al., 2014; Krisshna et al., 2014).
Attempting scientific measure of colour attributes that do not have a
finite value would therefore be poor scientific practice. As such, this
work focused on evaluating the two core groups of fundamental colour
ormation; (1) ‘‘pure colours’’; primary, secondary and tertiary colours,
nd (2) non-hues; black and white.

.4.4. Typeface
Typography concerns the visual design, arrangement and styling of

etters, numbers and symbols, in order to communicate messages in a
egible and appealing manner (Turnbull and Baird, 1975; Baines and
aslam, 2005; Aihong, 2020). One of the most fundamental proper-

ies of typography is typeface (Cullen, 2012). A UX designer’s aim is
o utilise properties like typeface to guide users towards the overall
essage that a web page intends to convey (Ellison, 2006). Whilst the

erms ‘‘typeface’’ and ‘‘font’’ are often used synonymously, they are not
nterchangeable (Murchie and Diomede, 2020). Typeface refers to the
isual design of a type group (Stevenson, 2010) (or ‘‘font-family’’ Cook
nd Schultz, 2007) which can include letters, numbers or punctuation.
ll of which have similar shapes or attributes that create consistency in
esign style (Nguyen, 2020). ‘‘Font’’ on the other hand, is a subset of
ypeface variations (Teague, 2009). An example of a typeface is Arial,
hilst Arial Narrow is a font.

Due to the abundance of typefaces that exist, classifications are
sed to help group typeface design according to likeness of appearance,
tyle, and other visual attributes (Ambrose and Harris, 2011). The
ive fundamental typeface classifications are; serif, sans serif, script,
onospaced and display (Kroll, 2012). Serifs have a slight projec-

ion finishing off the strokes of its letterforms (called serifs) (Ritter,
005). Sans serif (meaning ‘‘without’’ serif) do not have such pro-
ections. Scripts are based on the fluid strokes of handwriting (Craig
nd Malmstrom, 1978). Monospace typefaces are non-proportional, as
very character takes up the same amount of horizontal space (Vit and
alacio, 2009). Display typefaces have variable design styles but are
ntended for use in large sizes for headings or titles (Sinclair, 1999).
he most methodical approach to selecting typefaces for study analysis
as therefore to choose an equal spread of typefaces across each
4

lassification, representing typefaces prominently used on the Web. w
In the space of the Web, one of the most used font libraries is
oogle Fonts (Bucher et al., 2019). The Google Fonts library provides
n extremely organised mechanism of typeface classification, filtration
nd cross-comparison options. It also offers the ability to organise type-
ace by ‘‘most popular’’ within each individual type group. Considering
oogle Fonts’ prevalent use in web design, its ability to sort typeface by
ost used, and its capacity to cross-filter typeface by classification (as
ell as other attributes), it made reasonable sense to select typefaces

or evaluation based on; the top three most used typefaces within each
ypeface classification, of the same font weight; medium. The complete
ist of selected typefaces can be viewed in Section 4: Study Methodology.

.4.5. Animation
Animation adds motion to UI elements, and can be used to enhance

ser experience, reduce cognitive load and bring user interfaces to
ife (Babich, 2017). Users become more immersed in the web browsing
xperience when animations are used subtly and mimic real-world
estures (Lomakina, 2017). Examples include the zoom, fade and slide
nimations. Animation can also attract attention and help users under-
tand what is happening (Laubheimer, 2020). For example, clicking an
‘add to cart’’ button may trigger a transition (an animation with a start
nd end state) which slides a product image into a basket icon. This
an help guide the user’s gaze, informing them of what is happening
nd where to look (Goldstein, 2012; Wolowelsky, 2015). Likewise,
nimated paragraphs of text gradually fading into another allows a
ser’s brain to relax and feel the pleasurable momentum of subtle,
epeated movements. This can help keep users engaged with content,
educe the stretch of boredom and decrease cognitive load (Maheshwari
nd Saxena, 2019; Weir and Heeps, 2003).

UI animations add the dimension of time to enhance visual com-
unication in a way that adds appeal and keeps users interested in

he message being delivered (Weyl, 2016). When used effectively,
low animations may give users a sense of ease i.e. when a subtle
oom effect is applied to a button upon hover. However, when used
neffectively, it may impair the communicational effectiveness of the
nimation (Weir and Heeps, 2003), leaving users frustrated (Liu et al.,
012; Kolliga, 2017) and leading to an altogether poor user experience.
se of animation therefore has the ability to evoke significant user-
ffect through its ability to add perceptual dimensions of time and
otion. This makes UI animation an important tool for affective user

xperience design.
Functional animation (Ahram and Falcão, 2021) serves a purpose to

nform and enhance respectively (Weyl, 2016). Examples of animations
ndicative of specific actions or activities include page loading anima-
ions which inform users to stand by whilst a page loads; typewriter
nimations (Verou, 2015) which can be used informatively or creatively
o inform a user of an input field or to add motion to text; and chat
yping indicators (Gnewuch et al., 2017) (usually illustrated by three
nimated dots) which represents typing in progress. These informative
nd enhancing functions of animation helps bring content to life;
ubsequently enhancing users’ perceptibility and overall experience of
eb navigation (Weir and Heeps, 2003).

Animate.css is one of the most predominantly used pure CSS ani-
ation libraries in modern web design (Eden et al., 2020; Jakobus and
arah, 2016). The Animate.css library categorises animations by their

istinct qualities; some of which contain variants based on direction of
ovement i.e. up, down, left and right. Due to the atomic approach of

esthetic analysis in this work, it was important to consider the singular
ost primitive aspects of animation, to avoid any biases that may

ccur. Focus was therefore placed on the animation effect itself, rather
han direction of effect. As such, directional variants of animations
ere not included in the study as it did not align with the objective
f the work from an atomic standpoint, but can be explored in future
ork. With that said, it was decided that the most used Animate.css
nimations across all categorisations (without directional sub-variants)

ould be evaluated.
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3.5. Affective user experience in brief

To truly ‘‘design’’ an affective user experience, it is essential to
understand exactly how UX and UI work together, how user perceptions
are influenced by specific aesthetics of UI, and the necessary relation-
ship between subjectivity and objectivity in HCI research. To properly
investigate the challenges of affective UX design, it is also important
to explore visual aesthetics from its most granular form (atoms) (Frost,
2016) using the most justified models relative to this work. Through the
atomic approach, mapping affective user-response to visual aesthetic
becomes more feasibly achievable. Based on the above exploration
of relevant research areas, this study set out to answer the research
question: RQ: Can affect ratings (ARs) of atomic colours, typefaces
and animations be used as a tool for affective user experience
design?

4. Study methodology

The purpose of this study was to determine participants’ affective
semantic responses to atomic visual aesthetics (AVAs) within colour,
typeface, and animation in a quantifiable manner. This was achieved
by conducting an online study where 43 AVAs were presented to
participants, and affective responses to each were collected using the
grid-based Circumplex Model of Affect (CMA). This study was approved
by the University of Dundee’s Ethics Board, and is the first of a series
of studies in the direction of aesthetic semantics.

4.1. Participant demographics

1782 individuals worldwide participated in the study and were
recruited through an existing double opt-in email mailing list. 53.1%
(946) of participants were male, 43.4% (773) were female, 2.4% (43)
preferred not to state their gender, and 1.1% (20) were other. 25.5%
(455) of participants were in the age group of 18–24 years, 33.3%
(594) in the age group of 25–34 years, 15.6% (278) in the age group
of 35–44 years, 11.5% (205) in the age group of 45–54 years, 7.3%
(130) in the age group of 55–64 years, 3.5% (62) in the age group
of 65 or above, and 3.3% (58) preferred not to state their age group.
The sample assimilated real-world variance of users who may use or
access a website (i.e. age, gender and experience level of technology
may vary).

4.2. Atomic visual aesthetic selection

Three core visual aesthetic properties usually considered during UI
design include; colour, typeface, and UI animation. In this work, the
distinct values of these properties are referred to as ‘‘atoms’’. Below lists
he atomic aesthetics that were selected for evaluation in the study.
olours. 14 colours were selected using the additive colour model
RGB) (Feisner and Reed, 2013). Colours and non-hues were selected
ithin the two universal collective groups of fundamental colour for-

mation; (1) ‘‘pure colours’’ of colour theory; primary, secondary and
tertiary colours, and (2) non-hues of colour theory; black and white.
Colours can be seen within Fig. 1 below.
Typography. 15 typefaces were selected from the Google Fonts li-
brary.1 The three most popular fonts within classifications of serif,
sans serif, script, monospaced, and display were selected. All typefaces
selected had the same ‘‘medium’’ font-weight, was presented only by
use of the letters ‘‘Abc’’ and was in a neutral, non-study tone; pure grey
(rgb(128, 128, 128)). Visual representations of typefaces are shown in
Fig. 2.
Animation. 14 of the most used animations were selected from the
Animate.css library.2 Focus was placed on the animation itself, rather
than variants with directional differences. To avoid participant leading,
the names of each animation was not stated.

1 https://fonts.google.com/
2 https://animate.style/
5

4.3. Measurement scale

A number of affect scales and emotional classification models (Lane
and Nadel, 2002) were very carefully considered. Many of the mea-
surement scales were either not comprehensive enough (i.e. PANAS),
had word-based bias in terms of emotional descriptors (i.e. Plutchik)
or was a combination of both (i.e. the most basic Circumplex Model of
Emotion). The Circumplex Model of Affect (CMA) (Russell, 1980) pre-
sented affect ratings in a 2-dimensional circular space which measured
the cognitive-affective dimensions of valence (X) and arousal (Y). These
dimensions are also often referred to synonymously as pleasantness or
positive/negative (X) and activation or active/passive (Y). A grid-based
variation of the CMA existed (Paltoglou and Thelwall, 2012), which
served better for quantitative analysis of data obtained, as it applied
co-ordinates between −1.0 and 1.0 to the X and Y axis of the model
(rather than just four quadrants of empty space). An ability to identify
axis points helped remove ambiguity in user response and allowed
affective responses to be measured much more precisely (Paltoglou
and Thelwall, 2012). It also removed biases associated with the use
of subjective words/adjectives often attached to areas of the CMA. A
detailed diagram of the grid-based CMA used, along with how it was
adapted for the study can be seen in Figs. 3 and 4.

4.4. Study procedure

Participants were first asked to read and complete a Participant
Information Sheet and Consent Form before proceeding to a short
demonstration video detailing how the custom-built survey system
operated. Participants were then asked to give an affective value based
on the cognitive dimensions of activation and valence for each of the
43 aesthetic elements. Each aesthetic element was shown twice in
randomised order (once with dual slider input, and once with a 2-
dimensional graphical input field), as a way to establish inter-rater
reliability. There was also subtle change in question structure for each
variant. An example image of the study interface is shown in Fig. 4.

Aesthetics were displayed using a 7-second exposure time (deter-
mined based on aesthetic-related study findings from various research
papers in: Tuch et al. 2012). Question encoding techniques were used
(where the question itself is encoded and kept in the mind of the partic-
ipant until the question has been answered) (Czaja et al., 2014). Such
techniques included maintaining succinct question structures through-
out, and emphasising the specific aesthetic being evaluated using the
⟨strong⟩ tag (examples in Fig. 4). A pause in the survey was presented
to participants half way through the study to assist in reducing survey
fatigue. Once completing the main part of the survey, participants were
asked to provide demographic information and were then presented
with a study debrief statement. The initial 3-point estimation of the
survey length was 20 min, and this was shown to be true within the
survey itself.

5. Results

A total of 153,252 data points were gathered in this study across
the evaluation of colours, typeface and animations. Inter-rater testing
was evaluated using Cronbach’s Alpha (Tavakol and Dennick, 2011)
for internal consistency, producing an 𝛼 value of >0.7 for all results.
This section is divided into three parts and presents study results for
individual colours, typeface, and animations as heatmap visualisations
and detailed data tables. (See next pages).

5.1. Atomic colours

Data shows 10 of 14 evaluated colours had >80% affective re-
ponses in a single quadrant of the CMA 2D space (highlighted within
able 1). The remaining 4 of 14 atomic colours shows no less than 70%
ffective responses within a single quadrant. Summary data for each
olour is presented in Table 1 and visual heatmaps of the data in Fig. 5.

https://fonts.google.com/
https://animate.style/
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Fig. 1. Colours used within study.
Fig. 2. Typefaces used within study.
Fig. 3. Basic CMA vs Grid-based CMA vs Non-bias adaptation for study.
5.2. Atomic typeface

Data shows greater variation in the affective responses associated
with atomic typeface. 10 of 15 selected typefaces had >70% of affective
responses in a single quadrant of the CMA 2D space (these are high-
lighted within Table 2). The remaining 5 of 15 typefaces had varied
levels of dispersion across two or more quadrants. Summary data for
each typeface is presented in Table 2 and visual heatmaps of the data
is presented in Fig. 6.

5.3. Atomic animation

Data shows that 9 of 14 selected animations had >80% of affec-
tive responses in a single quadrant of the CMA 2D space (these are
highlighted within Table 3). The remaining 5 of 14 atomic animations
had >90% of affective responses within no more than two adjoining
6

quadrants. Summary data for each animation is presented in Table 3
and visual heatmaps of the data is presented in Fig. 7.

6. Discussion

Colour, typeface and animation all have the ability to impact how a
user perceives an interface on a ‘‘non-conscious’’ (Shouse, 2005; Zajonc,
1980; Rodriguez, 2009) level. The affective user-responses received
in this study had notable clusters within areas of the CMA model,
meaning aesthetic categories contained AVAs with strong affective
resonance. The aesthetic data collected, along with the format in which
data was collected (XY Co-ordinates, numerical data, quantifiable) has
the potential to be used in a number of ways to assist in designing
experiences which considers the affective influence of aesthetics prior
to selected use. This is discussed further below. Whilst the type of
affective responses attached to the AVAs tested are complex, results
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Fig. 4. Custom-built study interface — Page and input examples.
Table 1
Colour Affect Rating (AR) Data Summary.

Group Colour name RGB value Mean AR (x, y) Std. dev (x, y) Std. error (x, y)

Primary Red* (255, 0, 0) (−0.7, 0.9) 0.44, 0.18 0.0146, 0.0061
Green* (0, 255, 0) (0.7,−0.4) 0.23, 0.23 0.0078, 0.0076
Blue* (0, 0, 255) (−0.4,−0.4) 0.22, 0.20 0.0073, 0.0067

Secondary Cyan* (0, 255, 255) (0.2, −0.6) 0.23, 0.25 0.0077, 0.0083
Magenta (255, 0, 255) (−0.3, 0.6) 0.51, 0.20 0.0170, 0.0067
Yellow* (255, 255,0) (0.8, 0.2) 0.27, 0.22 0.0091, 0.0074

Tertiary Yellow–green* (154, 205, 50) (0.6, −0.5) 0.28, 0.23 0.0093, 0.0078
Blue–green* (13, 152, 186) (0.2, −0.5) 0.17, 0.26 0.0055, 0.0087
Blue–violet (138, 43, 226) (−0.4, 0.1) 0.32, 0.26 0.0106, 0.0086
Red–violet* (199, 21, 133) (−0.5, 0.5) 0.21, 0.24 0.0070, 0.0081
Red–orange (255, 83, 73) (−0.1, 0.6) 0.37, 0.20 0.0124, 0.0066
Yellow–orange* (255, 174, 66) (0.5, 0.7) 0.25, 0.20 0.0084, 0.0066

Non-Hue Black (0, 0, 0) (−0.7, 0.1) 0.29, 0.26 0.0096, 0.0086
White* (255, 255, 255) (0.3, −0.2) 0.27, 0.19 0.0089, 0.0063

10 of 14 colours with > 80% affect rating in single quadrants have a * next to their colour name.
highlight clear patterns that could be used to assist designers in the
future.

This section begins by highlighting what these patterns were, and
then suggests potential use-cases based on a combination of study
findings, data format and ways in which aesthetic AR can be applied
to improve the affective UX design process. This discussion is framed
around the research question in which the study set out to answer
RQ: Can affect ratings (ARs) of atomic colours, typefaces and
animations be used as a tool for affective user experience design?

6.1. Affective resonance of colour

Colours have the most pronounced concurrence of distinct affec-
tive user-responses (lowest overall standard deviations). This suggests
general widespread agreement that atomic colours induce a distinct
affective response, corroborating much of the existing research on
colour theory (Lee and An, 2012; Cyr et al., 2010). High activation
7

colours create a more notable change of state in users (i.e. from ‘‘resting
baseline’’ to ‘‘task situation’’ Rushby et al., 2007). Red, for exam-
ple, would be a reasonable colour choice for grabbing user attention,
increasing energy levels and triggering affective arousal (red having
the highest activation rating (0.9) and lowest standard deviation in
activation measures (0.18)). Interestingly, red had the highest standard
deviation in measures of valence (i.e. positive vs negative), mirroring
the variance in real-world connotations (i.e. love, danger, passion,
anger etc.) (Pomeroy, 2014). The take-home message here is that
whether a highly activating colour (such as red) is intended to represent
love or danger, in context; the purpose of a highly activating colour is to
induce a notable change of state, creating a level of activated awareness
towards the valence it represents.

Results for colour builds upon existing research on the CMA of
colour (Fagerberg et al., 2004) by including the analysis of non-hues
(black and white). Black was shown to evoke negative valence in users
and neutral activation levels. Interestingly, white only had a somewhat
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Fig. 5. Colour Affect Rating (AR) — Results Displayed as Heatmaps with Mean ARs.
positive valence on users despite it being known as the ‘‘opposite’’
of black (Wierzbicka, 1996). This may infer that darker shades of a
colour could increase negative valence, whilst lighter tints of colour
may have a much lesser impact on valence. This is an area that can
be investigated in the future. The additional data for non-hues are
an important addition to the existing CMA, as black and white are
fundamental to colour shades, tones and tints (Gumble and Gandhi,
2017; Imtiaz, 2016). Furthermore, the validity of results for non-hues
is substantiated by findings for pure colours matching the existing CMA
of (pure) colours.

6.2. Affective resonance of typeface

Typefaces shown to have highly neutral ARs (both in terms of
valence and activation) could be best suited for content that aims to
be unbiased (i.e. neutral). An example of a highly neutral typeface is
Merriweather (AR of (0.1, 0.1)). Such typefaces may place well for use
8

in legal websites or informational portals such as Wikipedia, where
content tends to be unbias and/or factual. Script typefaces, on the other
hand, would suit content requiring more personality and noticeably
high/low levels of valence and activation. This is due to the AR results
of script typefaces being both highly variable, and lacking on neutrality,
which suggests an ability to significantly influence users’ affective re-
sponses, whether positively or negatively. Script typefaces are known to
add more personality and humanistic qualities to content (Rabinowitz,
2015), which may explain why results have such notable diversity in
user affect.

Atomic typefaces were found to be much more complex than other
aesthetic groups due to the abundance of typeface attributes present,
which may in-fact have a variable influence on affect. Such attributes
include font-weight, letter-casing and font-styles (i.e. regular, italic etc.)
which could either corroborate or contradict results. To add strength
to the results of typeface, further studies will undoubtedly be required
which systematically take atomic ‘‘attributes’’ into consideration, as
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Fig. 6. Typeface Affect Rating (AR) — Results Displayed as Heatmaps.
well as the visual differences in the font-weight ‘‘medium’’. This will
of course require more intricate analysis within a future stand-alone
study.

6.3. Affective resonance of animation

Animations were shown to evoke high activation levels in users,
meaning they tend to garner user attention. Only two of the evaluated
animations elicited low activation levels in participants. This corrobo-
rates the idea that animation may help keep users engaged with the
content, reducing the stretch of boredom (Maheshwari and Saxena,
2019; Weir and Heeps, 2003). Animations that mirrored real-world
gestures also took on the positive/negative valency attached to their
real-world counterparts. This phenomenon assimilates skeuomorphic
design (whereby UI objects are designed to resemble their physical
counterparts) (Jing, 2018; Urbano et al., 2020). Animations such as
9

‘‘tada’’ and ‘‘headshake’’ evoked valence levels which could be as-
sociated respectively to the tada exclamation and headshake gesture
commonly (but not universally) used to represent ‘‘no’’ (Müller et al.,
2014). With that said, it would be interesting to explore how the
vertical variation of ‘‘headshake’’ (i.e. ‘‘head nod’’) would perform in
future studies which consider atomic attributes such as direction of
movement.

AR results suggest that slow paced animations could help maintain
a ‘‘relaxed’’ state in users when viewing alerting content. For example,
animations such as fade and flash have much of the same characteristics
aside from pace. Fade-in/out animations have less repetitions in a given
duration compared to flash animations. Results show fade induced low
activation (−0.7), whilst flash induced high activation (0.7). This can
also be seen when comparing heartbeat (0.4) to pulse (−0.5). Such
observations corroborate the idea that slow, gradual animations allow
users’ brains to relax whilst engaging with content (Maheshwari and
Saxena, 2019; Weir and Heeps, 2003).
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Table 2
Typeface Affect Rating (AR) Data Summary.

Classification Typeface Mean AR (x, y) Std. dev (x, y) Std. error (x, y)

Serif Roboto Slab* (0.1, 0.3) 0.24, 0.31 0.0081, 0.0103
Merriweather (0.1, 0.1) 0.31, 0.35 0.0104, 0.0119
Playfair Display* (0.6, 0.5) 0.41, 0.34 0.0138, 0.0116

Sans Serif Roboto* (0.1, 0.4) 0.29, 0.38 0.0099, 0.0127
Open Sans (−0.1, 0.5) 0.27, 0.19 0.0090, 0.0065
Lato* (0.2, 0.5) 0.23, 0.29 0.0078, 0.0098

Display Righteous (0.3, 0.1) 0.31, 0.45 0.0104,0.0151
Patua One* (0.3, 0.4) 0.28, 0.38 0.0094, 0.0129
Oleo Script (0.4, −0.1) 0.34, 0.61 0.0113, 0.0205

Script Courgette* (0.5, −0.4) 0.43, 0.43 0.0143, 0.0144
Kalam* (−0.3, 0.5) 0.43, 0.38 0.0144, 0.0129
Yellowtail* (−0.6, 0.5) 0.47, 0.41 0.0156, 0.0137

Monospace Inconsolata (−0.4, 0.1) 0.31, 0.31 0.0101, 0.0104
Source Code Pro* (0.1, 0.2) 0.28, 0.32 0.0095, 0.0106
Ubuntu Mono* (−0.1, 0.1) 0.24, 0.20 0.0081, 0.0067

10 of 15 typefaces with > 70% affect rating in single quadrants have a * next to their typeface name.
Table 3
Animation Affect Rating (AR) Data Summary.

Animation Mean AR (x, y) Std. dev (x, y) Std. error (x, y)

Bounce* (0.6, 0.6) 0.28, 0.26 0.0094, 0.0087
Fade (0.1, −0.7) 0.24, 0.25 0.0081, 0.0085
Flash* (−0.3, 0.7) 0.35, 0.27 0.0118, 0.0092
Flippers* (0.4, 0.7) 0.37, 0.28 0.0126, 0.0094
Head shake (−0.2, 0.5) 0.31, 0.27 0.0103, 0.0091
Heart beat (0.2, 0.4) 0.44, 0.22 0.0148, 0.0073
Jello* (−0.5, 0.7) 0.49, 0.26 0.0163, 0.0086
Light speed* (0.4, 0.6) 0.34, 0.30 0.0113, 0.0099
Pulse* (0.2, −0.5) 0.27, 0.30 0.0090, 0.0102
Rubber band (0.2, 0.5) 0.45, 0.35 0.0149, 0.0118
Shake* (−0.6, 0.7) 0.34, 0.30 0.0115, 0.0101
Swing* (0.4, 0.4) 0.40, 0.39 0.0134, 0.0129
Tada* (0.8, 0.7) 0.26, 0.27 0.0088, 0.0089
Wobble (0.1, 0.7) 0.43, 0.27 0.0146, 0.0089

9 of 14 animations with > 80% affect rating in single quadrants have a * next to their
ame.

.4. Software applications and potential use cases of AR data

AR data acquired in this study is essential to understanding how
he concept of aesthetic semantics (and more precisely, AR) can be
ractically applied in affective UX design processes and tools. As dis-
ussed in Section 2.1, a system cannot be built without the fundamental
omponents it relies on. As mentioned in Section 1, a number of UI
ools and style guides exist for the sole purpose of creating visual appeal
beauty). The purpose of affective design on the other hand, is to use
isuals as a tool to evoke a specific affect in end-users (Patterson et al.,
014). Because the presented AR data is numerical, there is flexibility
or computational use within the development of web applications,
avaScript libraries, software tools, or at its minimum viable product;
n affective UX/UI style guide.

A simple web-based tool can be developed giving designers ability
o define an affect they want the aesthetics of a design to have on
isitors. Designer inputs a specific positive/negative rating and acti-
ating/deactivation rating using slider scales. Based on their input,
he web tool suggests potential colours, typefaces and animations to
se in their stylesheet which corresponds with their AR input. With
he limited preliminary dataset acquired from this study, such a tool
ould benefit simplistic web layouts such as a landing page or mobile

plash page. However, with further studies on the affects of additional
esthetics, there becomes opportunity for continuous growth in AR
10

atasets.
6.5. Limitations

This work acts as the first of ongoing developmental research for the
concept of aesthetic semantics and use of affect rating in the affective
UX design process. Whilst the methodology focused on the most funda-
mental aspect of aesthetics used in UI design (atoms), notable attributes
of typeface (e.g. font-weight) and animations (e.g. direction) may have
had an indirect impact on the overall end-user affect. As touched on
prior, future research can look into the impact of these attributes on
resulting affect to get much finer detail, and a more diversified dataset.

An area within the study which could not directly be controlled
was the monitor setup of participants. In particular, there was no way
of detecting the colour profiles of participants’ screens when carrying
out the study. However, uncontrollable external factors such as this
are also present within the UX design process, and the methodology of
this work assimilates those same challenges that are faced by all design
professionals in practice.

6.5.1. Cultural considerations
Cultural influences can play a significant role in the perception of

the aesthetics explored. For example, red is traditionally seen within
western cultures to symbolise danger but represents good luck in
eastern cultures. Likewise, up-down head-nods can be interpreted as
either positive or negative, depending on country. These are important
considerations that would best suit future research where studies can
be carried out across all global cultures, or as a single much larger
global study with tens (or hundreds) of thousands of participants. A
significantly larger sample size would be paramount for the ability
to segment AR data by cultural categorisations, so that the statistical
power of AR data gathered per cultural group remains.

Whilst this study was performed with a relatively large sample size
(1,782) of global participants; with c.200 countries globally, this would
average down statistical AR data to only c.9 participants per country.
Perhaps a continental approach may be more viable. And thus, may be
an option as part of intended future studies to expand on this work.

6.6. Future work

This study was presented as the first of a series of studies in the
direction of aesthetic semantics. The intention of this work was to
explore the most fundamental data required as a first step towards
ongoing research and development in the area of affective UX. Study
findings showed that there is potential for AR to be used as a tool for
affective UI/UX design. The methodology used also showed to produce
results with statistical power, signalling potential for similar methods
of AR data collection. The natural next stages of research will therefore
involve three main areas; (1) application development of community
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Fig. 7. Animation Affect Rating (AR) — Results Displayed as Heatmaps.
design tools evaluated through a qualitative user-centred study, (2a)
larger scale (i.e. n = >10,000) culture-specific studies to sufficiently
evaluate cultural difference in AR responses whilst retaining statistical
power in resulting AR dataset, and (2b) study evaluation of further
AVAs for more diversified AR dataset.

7. Conclusion

When following the conventional UX design process, the difficulty
in shaping a desired end-user experience before constructing UI design
is that a designer must first understand what user-perceptions already
exist for their aesthetics of choice. This paper aimed to understand
the affective semantic responses for visual web aesthetics at their most
atomic level. To do this an online quantitative study was carried out
examining users’ immediate affective responses to a total of 43 colours,
typefaces and animations. Notable clusters of user-responses existed
within singular quadrants of the CMA model, meaning the aesthetic cat-
egories of colour, typeface and animation contained AVAs with strong
11
affective resonance. User-responses were most unanimous in atomic
colours, neutral AR typefaces (i.e. Merriweather) showed suitability for
unbiased content (i.e. legal and informational sites), and animations
as a whole garnered the most user attention. Findings suggest AR
has potential use in the affective UX design process, and the data
format presented allows for computational application in real-world
use cases. This paper concludes by suggesting ways study data can be
implemented on a community level for tools which allow designers the
ability to define an intended end-user affect and be presented with
an associated affective UX/UI style guide. This acts as a first step
towards methods of improving how designers can create affective user
experiences.
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