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Abstract

Graphical user interfaces are widely common and present in everyday human
computer interaction, dominantly in computers and smartphones. Today, various
actions are performed via graphical user interface elements, e.g., windows, menus
and icons. An attractive user interface that adapts to user needs and preferences is
progressively important as it often allows personalized information processing that
facilitates interaction. However, practitioners and scholars have lacked an instrument
for measuring user perception of aesthetics within graphical user interface elements
to aid in creating successful graphical assets. Therefore, we studied dimensionality
of ratings of di erent perceived aesthetic qualities in GUI elements as the founda-
tion for the measurement instrument. First, we devised a semantic di erential scale
of 22 adjective pairs by combining prior scattered measures. We then conducted
a vignette experiment with random participant (n=569) assignment to evaluate 4
icons from a total of pre-selected 68 game app icons across 4 categories (concrete,
abstract, character and text) using the semantic scales. This resulted in a total of
2276 individual icon evaluations. Through exploratory factor analyses, the obser-
vations converged into 5 dimensions of perceived visual quality: Excellence/Infe-
riority, Graciousness/Harshness, Idleness/Liveliness, Normalness/Bizarreness and
Complexity/Simplicity. We then proceeded to conduct con rmatory factor analyses
to test the model t of the 5-factor model with all 22 adjective pairs as well as with
an adjusted version of 15 adjective pairs. Overall, this study developed, validated,
and consequently presents a measurement instrument for perceptions of visual quali-
ties of graphical user interfaces and/or singular interface elements (VISQUAL) that
can be used in multiple ways in several contexts related to visual human-computer
interaction, interfaces and their adaption.
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1 Introduction

Aesthetics considerations in computers and other devices have quickly started to
garner attention as the means to positively a ect usability and satisfaction (Ahmed
et al. 2009; Maity et al. 2015, 2016; Norman 2004; Tractinsky et al. 2000). Studies
have shown that a user interface with balanced elements promotes user engagement,
while a cluttered interface may result in frustration (Jankowski et al. 2016, 2019; Lee
and Boling 1999; Ngo et al. 2000; Salimun et al. 2010). Moreover, adaptation within
user interfaces has been shown to lead into higher ratings in look and feel as well
as long-term usage of platforms (Debevc et al. 1996; Hartmann et al. 2007; Sarsam
and Al-Samarraie 2018). This re ects the well-established knowledge in product
design and marketing: aesthetics matter (e.g., Hartmann et al. 2007; Tractinsky et al.
2000), and collaboration between artists and technologists is essential in this regard
(Ahmed et al. 2009). Increasing demands for customization within human computer
interaction introduce new possibilities and challenges to designers, which justi es
further research on the topic.

Graphical user interface (GUI) is a way for humans to interact with devices
through windows, menus and icons.® User interaction is enabled through direct
manipulation of various graphical elements and visual indicators (e.g., icons) that
are designed to provide an intuitive representation of an action, a status or an app.?
Graphical user interfaces are widely used due to their intuitiveness and immedi-
ate visual feedback. Several factors have in uenced the tremendous progress that
GUI design has seen, such as advances in computer hardware and software as well
as industry and consumer demands. Moreover, user interfaces adapt to individual
user preferences by changing layouts and elements to di erent needs and contexts.
Hence, a user interface attractive to individual users is increasingly important for
companies aiming to positively contribute to their commercial performance (Gait
1985; Lin and Yeh 2010).

Aesthetics in GUI design refers to the study of natural and pleasing computer-
based environments (Jennings 2000). It extends across the de nition of fonts to pic-
torial illustrations, transforming information into visual communication through bal-
ance, symmetry and appeal.

Attention to pure aesthetics in GUI design is important in sustaining user inter-
est and e ectiveness in a service (Gait 1985). However, it has been noted that prior
research has mainly focused in usability, perhaps at the expanse of visual aesthetics,
although aesthetic design is an integral part of a positive user experience as well
as user engagement (Ahmed et al. 2009; Kurosu and Kashimura 1995; Maity et al.
2015; Ngo et al. 2000; Overby and Sabyasachi 2014; Salimun et al. 2010; Tract-
insky et al. 2000). Within the eld of graphical user interfaces, appealing designs
have proven to enhance usability (Kurosu and Kashimura 1995; Ngo et al. 2000;

! Linux Information Project, GUI De nition, http://www.linfo.org/gui.html (accessed October 23,
2018).

2 Android Developers, Iconography,  http://www.androiddocs.com/design/style/iconography.html
(accessed October 15, 2018).

13


http://www.linfo.org/gui.html
http://www.androiddocs.com/design/style/iconography.html

Development of measurement instrument for visual qualities...

Salimun et al. 2010; Sarsam and Al-Samarraie 2018; Tractinsky 1997; Tractinsky
et al. 2000) as well as sense of pleasure and trust (Cyr et al. 2006; Jordan 1998;
Zen and Vanderdonckt 2016). A positive user experience is essential for success-
ful human computer interaction, as a user quickly abandons an interface that is
connected with negative experiences. As the user experience is increasingly tied to
adaptive visual aesthetics, it motivates the need for further research on graphical
user interface elements. Perceptions of successful (i.e., appealing) visual aesthetics
are subjective (Zen and Vanderdonckt 2016), which complicates creating engaging
user experiences for critical masses. Theories and tools have been proposed to assess
and design appropriate graphical user interfaces (e.g., Choi and Lee 2012; Hassen-
zahl et al. 2003; Ngo et al. 2000; Ngo 2001; Ngo et al. 2003; Zen and Vanderdonckt
2016), yet no consensus exists on a consistent method to guide producing success-
ful user interface elements considering the subjective experience. In the pursuit of
investigating what aesthetic features appear together in graphical icons, we attempt
to address this gap by developing an instrument that measures graphical user inter-
face elements via individual user perceptions.

First, we devised a semantic di erential scale of 22 adjective pairs. We then con-
ducted a survey-based vignette study with random participant (n=569) assignment
to evaluate 4 icons from a total of pre-selected 68 game app icons across 4 cate-
gories (concrete, abstract, character and text) using the semantic scales. Game app
icons were used for validity and comparability in the results. This resulted in a total
of 2276 individual icon evaluations. The large-scale quantitative data were analyzed
in several ways. Firstly, we examined factor loadings of the perceived visual quali-
ties with exploratory factor analysis (EFA). Secondly, we performed con rmatory
factor analyses (CFA) to test whether the proposed theory could be applied to simi-
lar latent constructs. Although further validation is required, the results show prom-
ise. Based on these studies, we compose VISQUAL, an instrument for measuring
individual user perceptions of visual qualities of graphical user interface elements,
which can be used for research into adaptive user interfaces. Therefore, this study
allows for theoretical and practical guidelines in the designing process of personal-
ized graphical user interface elements, analyzed via 5 dimensions: Excellence/Infe-
riority, Graciousness/Harshness, Idleness/Liveliness, Normalness/Bizarreness and
Complexity/Simplicity.

2 Visual qualities of graphical user interfaces
2.1 Variations of user-adaptive graphical user interfaces

Graphical user interface design has experienced tremendous change during the past
decades due to technological evolution. An increasing diversity of devices have
adopted interfaces that adapt according to device characteristics and user pref-
erences. An adaptive user interface (AUI) is de ned as a system that changes its
structure and elements depending on the context of the user (Schneider-Hufschmidt
et al. 1993), hence the Ul has to be exible to satisfy various needs. User interface
adaptation consists of modifying parts or a whole Ul. User modeling algorithms in
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the software level provide the personalization concept, while GUIs display the con-
tent, expressing personalization from the user s perspective (Alvarez-Cortes et al.
2009). For example, Ul elements are expected to scale automatically with screen
size and hide unwanted menu elements. Adaptation can be divided into two cate-
gories depending on the end user: adaptability and adaptivity. Adaptability means
the user s ability to adapt the Ul, and adaptivity means the system s ability to adapt
the Ul. When users communicate with interfaces, both the human and the machine
collaborate toward adaptation, i.e., mixed initiative adaptation (Bouzit et al. 2017).
Adaptiveness in interfaces has been widely studied in terms of user performance
(Gajos et al. 2006), preference (Cockburn et al. 2007) and satisfaction (Gajos et al.
2006), as well as improving task e ciency and learning curve (Lavie and Meyer
2010).

The most important advantage of AUIs is argued to be the total control of Ul
appearance that the user has, although it is at the same time considered a shortcom-
ing for users with lower level of technology experience and skill (Gull et al. 2015).
Adaptive user interfaces may in many cases result in undesired or unpredictable
interface behavior because of the challenges in specifying the design for the wide
variety of users which in some cases lead to users not accepting the Ul (Alvarez-
Cortes et al. 2009; Bouzit et al. 2017; Gajos et al. 2006). Moreover, prior research
(Gajos et al. 2006) has shown that purely mechanical properties of an adaptive inter-
face lead to poor user performance and satisfaction. Therefore, understanding user
preferences and perceptions is essential in creating interfaces, and it is necessary to
assess these in early stages of the design process to e ectively identify di erent user
pro les (Gull et al. 2015). Due to the rapid changes to Ul design, new adaptation
techniques and systematic methods are needed in which design decisions are led by
appropriate parameters concerning users and contexts.

2.2 Measuring visual qualities of graphical user interfaces

A distinction has been made between two types of aesthetics within human com-
puter interaction, namely classical and expressive aesthetics (Hartmann et al. 2008).
Classical aesthetics refers to orderly and clear designs, whereas expressive aesthet-
ics refer to creative and original designs. Classical aesthetics seem to be perceived
more evenly by users, while expressive aesthetics are denounced by more disper-
sion depending on contextual stimuli (Mahlke and Th ring 2007). Aesthetic value
of graphical user interfaces has been attempted to measure objectively by several
geometry-related and image-related metrics, e.g., balance, equilibrium, symmetry
and sequences well as color contrast and saturation to avoid human involvement in
the process (Maity et al. 2015, 2016; Ngo et al. 2000, 2001, 2003; Vanderdonckt
and Gillo 1994; Zen and Vanderdonckt 2014, 2016). These visual techniques in the
arrangement of layout components can be divided into physical techniques, compo-
sition techniques, association and disassociation techniques, ordering techniques, as
well as photographic techniques (Vanderdonckt and Gillo 1994). Furthermore, bal-
ance is de ned as a centered layout where components are equally weighed. Equi-
librium is de ned as equal balance between opposing forces. Symmetry is de ned
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as the equal distribution of elements. Sequence is de ned as the arrangement of ele-
ments in such a way that facilitates eye movement (Ngo et al. 2003). Color contrast
is the di erence in visual properties that distinguishes objects from each other and
the background, while saturation indicates chromatic purity (Maity et al. 2015).

A user interface is said to be in a state of repose when all of these metrics are
con gured accordingly. Correspondingly, if these metrics are not perfected, it will
result in a state of chaos (Ngo et al. 2000). Prior research has aligned these met-
rics with user perceptions (Maity et al. 2015; Ngo et al. 2000; Salimun et al. 2010;
Zen and Vanderdonckt 2016) and task performance (Salimun et al. 2010), which
has led to inconsistent results. Initial ndings (Maity et al. 2015; Ngo et al. 2000)
report high correlations between computed aesthetic value and the aesthetics ratings
of design experts, artists and users. These results were replicated only to an extent
by a study (Zen and Vanderdonckt 2016) that reported medium degree of inter-judge
agreement and low reliability for calculating symmetry and balance, after which a
new formula for balance is introduced. Another study (Salimun et al. 2010) com-
puted several metrics based on the prior literature (Ngo 2001; Ngo et al. 2003) to
conclude that some metrics, such as symmetry and cohesion, in uence results more
than others. A study (Mittus et al. 2013) that tested objective and subjective evalu-
ation methods according to the prior literature (Ngo et al. 2000, 2003) displayed a
weak correlation between the ratings.

In addition to metric-based instruments, aesthetic value of graphical user inter-
faces has been measured by empirical approaches (Choi and Lee 2012; Hassenzahl
et al. 2003; Hassenzahl 2004). Focusing on facets of simplicity for smartphone user
interfaces, Choi and Lee (2012) developed a survey-based method incorporating the
following six components: reduction, organization, component complexity, coordi-
native complexity, dynamic complexity, and visual aesthetics. Results showed that
the instrument was successful in predicting user satisfaction by simplicity percep-
tion (Choi and Lee 2012). A seven-point semantic di erential scale was introduced
by Hassenzahl et al. (2003) with 21 items measuring hedonic quality identi ca-
tion, hedonic quality stimulation, and pragmatic quality. The instrument was fur-
ther tested by Hassenzahl (2004) with a version that included two evaluational con-
structs (ugly beautiful and bad good), resulting in 23 semantic di erential items.
Prior research investigated graphical user interfaces of MP3 software and found that
beauty is related to hedonic qualities rather than pragmatic qualities (Hassenzahl
2004).

Prior literature (Maity et al. 2015, 2016; Zen and Vanderdonckt 2016) suggests
that contradictory results in metric-based evaluation theories and tools of aesthetics
in GUI research are perhaps caused by analyzing user interfaces as entities without
considering the content. This gap in calculating aesthetics with metric-based evalu-
ations means that many metric evaluations consider a graphical user interface as a
single piece although it essentially consists of di erent elements with speci ¢ pur-
poses and designs (Maity et al. 2015). For instance, designing an interactive button
is very di erent from de ning type faces in that these elements serve di erent pur-
poses in user interfaces (Maity et al. 2016). Moreover, empirical studies on GUI aes-
thetics have often relied on website layouts as study objects (Hassenzahl 2004). This
can be problematic, as measuring perceived attractiveness of website layouts does
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not necessarily reveal which elements in the user interface are successful. Layout
designs vary, which may cause di culties in generalization. This can be regarded as
a shortcoming of the empirical measurements as inclusivity may prevent calculat-
ing genuine values of user interfaces. Prior study (Vanderdonckt and Gillo 1994)
attempting to automate calculation of visual techniques with single interface com-
ponents found that some techniques could be measured, such as physical techniques,
while some others appeared more challenging to measure, such as photographic
techniques. We note that contextual factors surrounding single GUI components are
important in a ecting user perceptions, thus evaluating GUI elements separately
may in some cases prove challenging. Moreover, the application of principles heav-
ily depends on visual aims, and hence, further comparison between measurement
instruments is needed in order to explore the relationship between single compo-
nents and their context.

In order to address these gaps, and rather than experimenting with a graphical
user interface as a single piece, we scaled the validation of VISQUAL into single
interface components, i.e., icons. lcons are pictographic symbols within a computer
system, applied principally to graphical user interfaces (Gittins 1986) that have
replaced text-based commands as the means to communicate with users (Garc a
et al. 1994; Gittins 1986; McDougall et al. 1998; Huang et al. 2002). This is because
icons are easy to process (Horton 1994, 1996; Lin and Yeh 2010; McDougall et al.
1999; Wiedenbeck; 1999) and convenient for universal communication (Arend et al.
1987; Horton 1994, 1996; Lodding 1983; McDougall et al. 1999).

Prior research has found that attractiveness leads into better ratings of interfaces
primarily due to the use of graphic elements, such as icons (Roberts et al. 2003).
Icons are one main component of GUI design, and results show that attractive and
appropriately designed icons increase consumer interest and interaction within
online storefront interfaces, such as app stores (Burgers et al. 2016; Chen 2015;
Hou and Ho 2013; Jylh and Hamari 2019; Lin and Chen 2018; Lin and Yeh 2010;
Salman et al. 2010, 2012; Shu and Lin 2014; Wang and Li 2017). While icons do
not constitute a graphical user interface solitarily, an icon-based GUI is a highly
common presentation in best-selling devices at present. This justi es using icons as
study material for evaluating visual qualities of graphical user interface elements.
Hence, VISQUAL was validated by experimenting on user interface icons.

Prior studies have introduced di erent methods to measure the aesthetics of
graphical user interfaces during the past decades. Please refer to Table 1 for a sum-
mary list of instruments.

Metric-based instruments include multi-screen interface assessment with formu-
lated aesthetic measures and visual techniques (Ngo et al. 2000, 2001; Vanderdonckt
and Gillo 1994), semi-automated computation of user interfaces with the online tool
QUESTIM (Zen and Vanderdonckt 2016) as well as predictive computation of on-
screen image and typeface aesthetics (Maity et al. 2015, 2016). Survey-based instru-
ments include a semantic di erential scale measuring hedonic and pragmatic quali-
ties of interface appeal (Hassenzahl et al. 2003) and a scale measuring perceived
simplicity of user interfaces in relation to visual aesthetics (Choi and Lee 2012).

Semantic di erential is a commonly used tool for measuring connotative
meanings of concepts. Similar to AttrakDi 2 (Hassenzahl et al. 2003), semantic
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di erential scale was utilized in the development of VISQUAL. However, in addi-
tionto di erences in items, AttrakDi  2was developed by comparing user interfaces
as entities, while the validation of VISQUAL was performed via measuring visual
qualities of single GUI items. This allows for the evaluation of several varying ele-
ments within an interface regardless of layout composition and context limitations.
Hence, VISQUAL may be utilized to measure visual qualities of, e.g., icons and
fonts in order to compose a successful graphical user interface. Furthermore, Attrak-
Di 2 measures hedonic and pragmatic qualities of entire user interfaces. While an
e ective user interface constitutes of a plethora of factors, measures should be taken
to produce appealing designs for enhanced usability (Kurosu and Kashimura 1995;
Ngo et al. 2000; Salimun et al. 2010; Tractinsky 1997; Tractinsky et al. 2000) as
well as sense of pleasure and trust (Cyr et al. 2006; Jordan 1998; Zen and Van-
derdonckt 2016). This justi es the development of an element-speci ¢ evaluation
instrument for visual aesthetics, namely VISQUAL.

Inconsistent ndings within the handful of instruments developed suggest that a
reliable method is yet to be found. This study aims to address gaps in prior research
that has attempted to measure graphical user interface aesthetics as an entity utiliz-
ing di erent platforms as study material, such as website layouts. To our knowledge,
no measurement has yet been proposed to explore visual qualities of single GUI ele-
ments as parts of a harmonious interface. Attractive qualities of user interfaces con-
tribute to a positive user experience (Hamborg et al. 2014), justifying our intentions
to lay the groundwork with potentially far-reaching practical and theoretical implica-
tions. Therefore, we investigated what aesthetic features appear together in graphi-
cal icons measured via user perceptions. Based on these results, we developed an
instrument that measures visual qualities of graphical user interface elements. First,
we devised a semantic di erential scale of 22 adjective pairs. We then conducted a
survey-based vignette study with random participant (n =569) assignment to evalu-
ate 4 icons from a total of pre-selected 68 game app icons across 4 categories (con-
crete, abstract, character and text) using the semantic scales. Game app icons were
used for validity and comparability in the results. This garnered a total of 2276 indi-
vidual icon evaluations. The large-scale quantitative data were analyzed in two ways
by exploratory factor analysis (EFA) and con rmatory factor analysis (CFA). As a
result, VISQUAL was composed. The following section introduces the study design
in detail.

3 Methods and data

As a foundation for this study, a semantic di erential scale of 22 adjective pairs was
employed to measure visual qualities of graphical user interface elements. We con-
ducted a within-subjects vignette study with random participant (n=569) assign-
ment to evaluate 4 icons from a total of pre-selected 68 game app icons across 4
categories (concrete, abstract, character and text) using the semantic scales. Game
app icons were used for validity and comparability in the results. This resulted in a
total of 2276 individual icon evaluations. The following describes the participants in
the study.
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3.1 Participants

A nonprobability convenience sample was composed of 569 respondents who
each assessed 4 game app icons through a survey-based vignette experiment. A
link to the online experiment was advertised in Facebook groups and Finnish stu-
dent organizations mailing lists. The experiment was a self-administered online
task. The aim was to gather data by exposing the participants close to a realistic
setting outside an authentic app store context. Please refer to Table 2 for demo-
graphic details of participants.

The majority of the participants were from Finland (92.8%). Only slightly
more than half of the sample body were male (52.2%) with a mean age of
26.90 years (SD=7.24 years; 16 62 years). Most participants were university
students (61.7%) and had a university-level education (39.9%). Two participants
were ra ed to receive a prize (Polar Loop 2 Activity Tracker). No other partici-
pation fees were paid. Participants were informed about the purpose of the study
and assured anonymity throughout the experiment.

3.2 Measure development

In order to measure visual qualities of graphical user interface elements, i.e.,
game app icons, a seven-point semantic di erential scale was constructed (e.g.,
Beautiful 12 345 6 7 Ugly). Semantic di erential is commonly used to measure
connotative meanings of concepts with bipolar adjective pairs. In total, 22 adjec-
tive pairs were formulated according to the prior literature and assigned to each
icon. This method was chosen on the basis of our research objective, which was
to nd out how much of a trait or quality an item (i.e., icon) has, and to exam-
ine how strongly these traits cluster together. The polarity of the adjective pairs
was rotated so that perceivably positive and negative adjectives did not align on
the same side of the scale. Prior to the analyses, items were reverse coded as
necessary.

Prior research (Shaikh 2009) on onscreen typeface design and usage has intro-
duced a semantic scale of 15 adjective pairs, which we adapted in our meas-
urement instrument. Additionally, adjective pairs related to visual qualities of
graphical user interface icons were added as suggested per the previous literature.
These adjectives include concrete and abstract (Arend et al. 1987; Blankenberger
and Hahn 1991; Dewar 1999; Hou and Ho 2013; Isherwood et al. 2007; McDou-
gall and Reppa 2008; McDougall et al. 1999, 2000; Moyes and Jordan 1993; Rog-
ers and Oborne 1987), simple and complex (Choi and Lee 2012; Goonetilleke
et al. 2001; McDougall and Reppa 2008; McDougall and Reppa 2013; McDou-
gall et al. 2016) as well as unique and ordinary (Creusen and Schoormans 2005;
Creusen et al. 2010; Dewar 1999; Goonetilleke et al. 2001; Huang et al. 2002;
Salman et al. 2010). Furthermore, adjective pairs that measure the aesthetics
of graphical user interface elements were added. These adjective pairs include
professional and unprofessional (Hassenzahl et al. 2003), colorful and colorless
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Table 2 Demographic
information

%

Age

(SD=7.24)
(Mean =26.90)
(Median=25.00)

Education

Employment

Gender

Yearly income

20
21 25
26 30
31 35
36 40
41 45
46 50
51 55
56 60
60
Less than high school
High school
College
Bachelor s degree
Master s degree
Higher than master s degree
Working full-time
Working part-time
Student
Unemployed
Retired
Male
Female
Other
Less than $19,999
$20,000 to $39,999
$40,000 to $59,999
$60,000 to $79,999
$80,000 to $99,999
$100,000 to $119,999
$120,000 to $139,999
$140,000 or more

60
249
145

45

37

a N w ol N

135
95
227
98

133
62
351
11

297
257
15
330
105
57
25
13
14
10
15

10.54
43.76
25.48
791
6.50
2.81
1.23
0.88
0.53
0.35

23.7
16.7
39.9
17.2

1.6
23.4
10.9
61.7

1.9

52.2
45.2
2.6
58.0
18.5
10.0
4.4
2.3
2.5
1.8
2.6

(Allen and Matheson 1977), realistic and unrealistic as well as two-dimensional
and three-dimensional (Vanderdonckt and Gillo 1994).

Table 3 lists the adjective pairs used in the study in alphabetical order as well
as their sources, and presents an overview of the means and standard deviations.
There were no critical outlier values, and the range between the lowest and high-
est scores clusters closely to the average even though the 68 icons were quite
di erent from each other. All the mean scores are between 3.5 and 4.5 for each
evaluation. Furthermore, we tested for skewness and the range between the lowest
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Development of measurement instrument for visual qualities...

and highest scores are between 0.5 and 0.5, which indicates that the data are
fairly symmetrical.

3.3 Materials

A total of 68 game app icons from Google Play Store were selected for the experi-
ment. Four icons corresponding to common icon styles (concrete, abstract, charac-
ter and text) were selected from each of the 17 categories for game apps (action,
adventure, arcade, board, card, casino, casual, educational, music, puzzle, racing,
role playing, simulation, sports, strategy, trivia and word). The design of graphical
user interface elements is dependent on context (Shu and Lin 2014). Hence, we con-
sidered it justi ed to include icons from all categories in order to avoid systematic
bias. Moreover, as the prior literature has highlighted the relevance of concreteness
and abstractness as well as whether an icon includes face-like elements or letters, we
ensured that one icon from each category was characteristic of one of these attrib-
utes. Please refer to Table 4 for the icons used in the study.

Additional criteria were the publishing date of the apps and the number of installs
and reviews they had received at the time of selection. Since the icons in the experi-
ment were chosen during December 2016, the acceptable publishing date for the
apps was determined to range from December 3 17, 2016. No more than 500
installs and 30 reviews were permitted. The aim of this was to choose new app icons
to eliminate the chance of app and icon familiarity and thus, systematic bias. Moreo-
ver, the goal was to have a varied sample of icons both in terms of visual styles and
quality, meaning that several di erent computer graphic techniques were included,
such as 2D and 3D rendered images.

3.4 Procedure

The data were collected through a survey-based vignette experiment. Respondents
were provided the purpose of the study after which they were guided to Il out
the survey. The survey consisted of three or four parts depending on the choice of
response. The rst part mapped out mobile game and smartphone usage with the
following questions: Do you like to play mobile games? , In an average day, how
much time do you spend playing mobile games? and How many smartphones are
you currently using? . The second part included more speci ¢ questions about the
aforementioned, e.g., the operating system of the smartphone(s) in use, the average
number of times browsing app stores per week and the amount of money spent on
app stores during the past year, as well as the importance of icon aesthetics when
interacting with app icons. If the respondent answered that they do not use a smart-
phone in the rst part, they were assigned directly to the third part.

In the third part, the respondent evaluated app icons using semantic di erential
scales. Prior to this, the following instructions were given on how to evaluate the
icons: In the following section you are shown pictures of four (4) mobile game
icons. The pictures are shown one by one. Please evaluate the appearance of each
icon according to the adjective pairs shown below the icon. In each adjective pair,
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the closer you choose to the left or right adjective, the better you think it ts to
the adjective. If you choose the middle space, you think both adjectives t equally
well. The respondent was reminded that there are no right or wrong answers and
was then instructed to click Next to begin. The respondent was shown one icon
at a time and was asked to rate the 22 adjective pairs under the icon graphic with
the following text: In my opinion, this icon is . Each respondent was randomly
assigned four icons to evaluate, one from each category of pre-selected icon attrib-
utes (abstract, concrete, character and text). After the semantic scales, the partici-
pant rated their willingness to click the icon as well as download and purchase the
imagined app that the icon belongs to, by using a seven-point Likert scale on the
same page with the icon. Lastly, demographic information (age, gender, etc.) was
asked. The survey took about 10 min to complete. The survey was implemented via
SurveyGizmo, an online survey tool. All content was in English. The data were ana-
lyzed with IBM SPSS Statistics and Amos version 24 as well as Microsoft O ce
Excel 2016.

4 Stage 1: Evaluating the instrument

The instrument was evaluated with three stages of consecutive analyses. First, we
examined factor loadings of the 22 visual qualities with exploratory factor analy-
sis (EFA) to examine underlying latent constructs (Table 5). Second, we performed
a con rmatory factor analysis (CFA) with structural equation modeling (SEM) to
assess whether the psychometric properties of the instrument (Fig. 1) are applicable
to similar latent constructs, which revealed the need for modi cation in the model.
Following the adjustments, another CFA was performed in order to nalize the
model (Fig. 2).

Initially, the factorability of the 22 adjective pairs was examined. The data set was
determined suitable for this purpose as the correlation matrix showed coe cients
above .3 between most items with their respective predicted dimension. Moreover,
the Kaiser Meyer Olkin measure of sampling adequacy indicated that the strength
of the relationships among variables was high (KMO=.87), and Bartlett s test of
sphericity was signi cant ( ? (231)=21,919.22; p<.001).

Given these overall indicators, EFA with varimax rotation was performed to
explore factor structures of the 22 adjective pairs used in the experiment, using data
from 2276 icon evaluations. There were no initial expectations regarding the number
of factors. Principal component analysis (PCA) was used as extraction method to
maximize the variance extracted. Varimax rotation with Kaiser normalization was
used. Please refer to Table 5 for the results of the analysis.

The analysis exposed ve distinguishable factors: Excellence/Inferiority, Gra-
ciousness/Harshness, Idleness/Liveliness, Normalness/Bizarreness and Complexity/
Simplicity. Typically, at least two variables must load on a factor so that it can be
given a meaningful interpretation (Henson and Roberts 2006). Correlations starting
from .4 can be considered credible in that the correlations are of moderate strength
or higher (Evans 1996). In this light, all the factors formed in the analysis are valid.
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Table 4 Icons in the study
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Five adjective pairs (good bad, professional unprofessional, beautiful ugly, expen-
sive cheap and strong weak) loaded on the rst factor. This factor was named Excel-
lence/Inferiority. Seven adjective pairs (hard soft, relaxed sti , feminine masculine,
delicate rugged, happy sad, colorful colorless and cool warm) loaded on the second
factor. This factor was named Graciousness/Harshness. Five adjective pairs (slow fast,
quiet loud, calm exciting, passive active and old young) loaded on the third factor.
This factor was named Idleness/Liveliness. Three adjective pairs (concrete abstract,
realistic unrealistic and unique ordinary) loaded on the fourth factor. This factor was
named as Normalness/Bizarreness. Finally, two adjective pairs (complex simple and
two-dimensional three-dimensional) loaded on the fth factor. This factor was named
Complexity/Simplicity.

5 Stage 2: Con rmatory factor analysis

In order to assess the latent psychometric properties of the instrument, con rmatory
factor analysis (CFA) was performed. To accomplish this, covariance-based struc-
tural equation modeling (CB-SEM) was applied. Please refer to Fig. 1 for the model
evaluated in the con rmatory factor analysis.

As per recommendation by the prior literature (Kline 2011), model t was exam-
ined by the Chi square test ( 2), comparative t index (CFI), root mean square error
of approximation (RMSEA), and standardized root mean square residual score
(SRMR). The Chi square test shows good t for the data if the p value is>.05. How-
ever, for models with sample size of more than 200 cases, the Chi square is almost
always statistically signi cant and may not be applicable (Matsunaga 2010; Russell
2002). Generally, a CFI score of >.95 is considered good, whereas a score of >0.90
is considered acceptable. RMSEA and SRMR are regarded good if the values are
less than .05, and acceptable with values that are less .10.2

The initial results of the model t indices were inadequate: 2=5381.664,
DF=199; 2/DF=27.044, p .001, CFlI=.762, RMSEA=.107, and SRMR =.1206.
These values are outside the acceptable boundaries. This is partially due to the rela-
tively large sample size (2276 icon evaluations), as the 2 and p values are highly
sensitive to sample size (Matsunaga 2010; Russell 2002). As such, these values will
remain statistically signi cant and should thus be disregarded in favor of other indi-
cators. However, the remaining values that are not as sensitive to sample size (CFI,
RMSEA and SRMR) also t poorly to the data.

Cronbach s alpha was used to assess the reliability of the scale. The prior liter-
ature suggests 0.7 as the typical cuto level for acceptable values (Nunnally and
Bernstein 1994). Alpha values for each dimension were as follows: Excellence/Infe-
riority ( =.879), Graciousness/Harshness ( =.813), Idleness/Liveliness ( =.818),
Normalness/Bizarreness ( =.460), and Complexity/Simplicity ( =.496). While

3 Kenny, D.A., Measuring Model Fit, http://davidakenny.net/cm/ t.htm (accessed November 21,
2018).
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three of the factors showed good level of internal consistency, two were found to
have unacceptable alpha values.

Additionally, there were some concerns related to convergent validity where
the average variance extracted (AVE) was less than .5, namely Graciousness/
Harshness (AVE=.393) and Complexity/Simplicity (AVE=.361). Additionally,
concerns related to composite reliability were discovered where the CR was less
than .7, namely Normalness/Bizarreness (CR=.686) and Complexity/Simplicity
(CR=.520). In terms of discriminant validity, the square root of the average var-
iance extracted of each construct is larger than any correlation between the same
construct and all the other constructs (Fornell and Larcker 1981). Please refer to
Table 6 for full validity and reliability scores.

According to these results, two factors out of ve proved to be robust, namely
Excellence/Inferiority and Idleness/Liveliness. At this stage, the instrument does
not seem to be an optimally tting measurement model due to the poor model t
indices and the noted problems with validity and reliability. Additional issue here is
the unacceptable loadings (Fig. 1). While loadings should fall between .32 and 1.00
(Matsunaga 2010; Tabachnick and Fidell 2007), the model contains values that are
outside of these boundaries. These observations suggest for post hoc adjustments in
the model.

As noted by the prior literature (Brown 2015; MacKenzie et al. 2011), the
removal of poorly behaved re ective indicators may o er to improve the over-
all model t. Furthermore, examining strong modi cation indices (MI=3.84) and
covarying items accordingly (MacKenzie et al. 2011) is likely to prove bene cial in
balancing unacceptable loadings in the model. By addressing issues associated with
the problematic factors, low scores related to model t as well as validity and reli-
ability are expected to improve.

6 Stage 3: Finalizing the instrument

The con rmatory factor analysis in Stage 2 revealed a number of problems related to
model t, validity and reliability as well as item loadings. In order to address these
issues, rst, items that loaded poorly (under .65) onto the extracted factors were
removed consecutively (Brown 2015). To retain the ve-factor structure established
in the EFA, item removal was not conducted on the Complexity/Simplicity factor
despite the low loadings. Similarly, only one item with the lowest loading on the
Normalness/Bizarreness factor was omitted. Deleted items are described in Table 7.

Second, modi cation indices (MI) were examined. A high value was found
within the Excellence/Inferiority factor between the adjective pairs profes-
sional unprofessional and expensive cheap. Additionally, due to a high Ml value,
error terms were covaried for the adjective pairs quiet loud and calm exciting on
the ldleness/Liveliness factor. These items were found to be semantically similar,
and hence, the error terms of these items were allowed to correlate.

A con rmatory factor analysis was conducted on the nalized measure which
comprised of ve factors and the remaining 15 adjective pairs with two observed
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Fig. 1 Initial model with 22 items (standardized weights)

error covariances. Please refer to Fig. 2 for the adjusted model evaluated in the
CFA.

With these changes, the results of the model t indices were as follows:
2=1499.114, DF=78; 2/DF=19.219, p .001, CFI=.906, RMSEA=.089,
and SRMR =.0705. As discussed previously, the 2 and p values are highly sensi-
tive to sample size and are thus easily in ated (Matsunaga 2010; Russell 2002).
For this reason, they should be disregarded in this particular context where the
instrument was assessed by using data from 2276 icon evaluations. With the
exception of the discussed values, all indices showed acceptable model t. Fur-
thermore, all item loadings now fall between the preferred .32 and 1.00 (Matsu-
naga 2010; Tabachnick and Fidell 2007), although some loadings remained low
(< .55) particularly on the factors with only two latent variables.

13



H.Jylh ,J. Hamari

Fig.2 Adjusted model with 15 items and covaried errors (standardized weights)

While the adjusted model retained good alpha values concerning the rst three
factors, previously observed issues with the last two factors remained, as fol-
lows: Excellence/Inferiority ( =.896), Graciousness/Harshness ( =.740), ldle-
ness/Liveliness ( =.818), Normalness/Bizarreness ( =.588), and Complexity/
Simplicity ( =.496). The Complexity/Simplicity factor was not altered, thus the
alpha is unchanged. However, regardless of adjustments to the model, the Nor-
malness/Bizarreness factor did not reach an adequate alpha level.

Similarly, adjusting the model improved the AVE values, yet issues remained
relating to convergent validity with three factors having AVE values under .5,
namely Idleness/Liveliness (AVE =.499), Normalness/Bizarreness (AVE =.494)
and Complexity/Simplicity (AVE =.378). The lower AVE score of the Normal-
ness/Bizarreness factor in this stage is presumably caused by the removal of one
semantic pair, ordinary unique, which transforms the initial three-item factor
into a two-item factor.

Although reliability scores showed signi cant increase in this stage, issues related
to composite reliability remained for two factors, namely Normalness/Bizarreness
(CR=.646) and Complexity/Simplicity (CR=.533). The model shows continued
support for discriminant validity of the ve-factor model in that the square root of
AVE for each of the ve factors was>0.50 and greater than the shared variance
between each of the factors. Please refer to Table 8 for full validity and reliability
scores.

These results repeat the robustness of Excellence/Inferiority and ldleness/Liveli-
ness factors. Moreover, the Graciousness/Harshness factor can be considered solid
in terms of validity and reliability as the AVE value was seemingly close to the
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accepted threshold of .5. Likewise, the AVE value of Normalness/Bizarreness was
only slightly under the accepted threshold.

Finally, a Pearson correlation test was performed with the respondents mean
scores of both the 22-item scale and the 15-item scale to assess concurrent validity
of the constructs. Please refer to Table 9 for results.

The ndings show strong positive correlations between each of the 22-item con-
structs and their equivalents in the 15-item scale. Aside from Complexity/Simplic-
ity (r=1.000, p<0.01) which remained unchanged throughout model adjustments,
other constructs with removed items exhibit strong positive correlations as well,
namely Excellence/Inferiority (r=.982, p<0.01), Graciousness/Harshness (r=.907,
p<0.01), ldleness/Liveliness (r=.969, p<0.01), and Normalness/Bizarreness
(r=.894, p<0.01). This observation leads to the interpretation that removal of the
particular items described earlier does not critically a ect the performance of the
scale. Therefore, the 15-item scale can be considered as valid. While the Complex-
ity/Simplicity factor had low loadings, it is partly accounted for by the other factors
that show promise. The reason for weak loadings is presumably caused by cumula-
tive correlation, in that Complex Simple and Three-dimensional Two-dimensional
were perhaps perceived varyingly among the participants and poorly re ected each
other, which a ects the quality of the factor.

Overall, the measurement model signi cantly improved concerning model t
indices as well as convergent validity and composite reliability. These ndings also
suggest that fewer than the original number of items may be used as indicators for
measuring visual qualities of graphical user interface elements. However, as there
remained some concerns regarding the robustness of the nalized instrument, repli-
cation of the model with a di erent data sample is recommended as discussed in the
following.

7 Discussion

The initial measurement model of 22 items formed a ve-factor structure in the EFA
in Stage 1. The factors were named to correspond to the referents on the factors:
Excellence/Inferiority, Graciousness/Harshness, Idleness/Liveliness, Normalness/
Bizarreness and Complexity/Simplicity. All items and factors were valid in the EFA.
The CFA in Stage 2 exposed concerns in the model, which were countered by item
removal in Stage 3. The adjusted model retained 15 (68%) items of the initial 22. As
such, seven items were deleted with loadings under .65 (Table 7) on factors that held
more than 2 items as the recommended solution for indicators that have low validity
and reliability (MacKenzie et al. 2011). This resulted in better validity and reliabil-
ity producing more robust factors, thereby theoretically justifying this choice. The
majority of the removed items represent qualities that may be interpreted as ambigu-
ous in the context of visual qualities of graphical user interfaces (e.g., strong weak,
hard soft, old young). It may be that these adjective pairs are often related to more
concrete, tangible traits than visuals on an interface that are generally impalpable.
Furthermore, some of these items poorly re ected others on the same factor, e.g.,
strong weak, which can be interpreted as a synonym for quality or as a feature in a
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Table 7 List of deleted items,

respective factors and loadings Deleted items Factor Loadings
Strong Weak Excellence/Inferiority .52
Warm Cool Graciousness/Harshness 44
Feminine Masculine Graciousness/Harshness .57
Soft Hard Graciousness/Harshness .61
Delicate Rugged Graciousness/Harshness .62
Old Young Idleness/Liveliness 43
Ordinary Unique Normalness/Bizarreness .10

visual (e.g., a character) among other explanations. Considering the other items on
the factor that represent excellency in a more explicit way, this further justi es item
removal from a methodological perspective.

During Stage 3, modi cation indices were examined for values greater than 3.84
(MacKenzie et al. 2011). Error terms were allowed to correlate between two sets of
latent variables with the largest modi cation indices, namely professional unpro-
fessional and expensive cheap as well as quiet loud and calm exciting. These
items can be considered colloquially quite similar to their correlated pair, only that
they represent similar concepts in di erent ways, i.e., in general and speci c¢ terms.
There is an ongoing discussion whether post hoc correlations based on modi ca-
tion indices should be made. A key principle is that a constrained parameter should
be allowed to correlate freely only with empirical, conceptual or practical justi ca-
tion (e.g., Brown 2015; Hermida 2015; Kaplan 1990; MacCallum 1986). Examining
modi cation indices has been criticized, e.g., for the risk of biasing parameters in
the model and their standard errors, as well as leading to incorrect interpretations
on model t and the solutions to its improvement (Brown 2015; Hermida 2015).
To rationalize for these two covaried errors in the development of this particular
measurement model, it is to be noted that similar to the 2 value and standardized
residuals, modi cation indices are sensitive to sample size (Brown 2015). When
the sample size is large (more than 200 cases), modi cation indices can be consid-
ered in determining re-speci cation (Kaplan 1990). VISQUAL was evaluated using
data from 2276 icon evaluations, which causes in ation to the aforementioned val-
ues. Therefore, appropriate measures need to be taken in order to circumvent issues
related to sample size. Furthermore, residuals were allowed to correlate strictly and
only when the measures were administered to the same informant, i.e., factor.

This was a rst-time evaluation and validation study for VISQUAL. The instru-
ment was developed in the pursuit of aiding research and design of aesthetic inter-
face elements, which has been lacking in the eld of HCI. In this era of user-adapted
interaction systems, it is crucial to advance the understanding of the relationship
between interface aesthetics and user perceptions. As such, the measurement model
shows promise in examining visual qualities of graphical user interface elements.
However, the model t indices were nearer to acceptable than good. In addition,
convergent validity and composite reliability remain open for critique. This is per-
haps an expected feature for instruments that are based on subjective perceptions
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Table 9 Pearson correlation test between 22-item scale and 15-item scale

22-item scale 15-item scale
Excellence/ Gracious- Idleness/Liveliness Normalness/ Complexity/
Inferiority  ness/Harsh- Bizarreness  Simplicity
ness
Excellence/Inferiority .982 .368 .287 .190 .296
Graciousness/Harshness .347 .907 .204 107 .242
Idleness/Liveliness .301 .408 .969 134 .376
Normalness/Bizarreness .005° .0462 .088 .894 170
Complexity/Simplicity .295 .281 .365 .288 1.000

All correlations statistically signi cant at p<0.01 unless stated otherwise
2p<0.05, °NS

rather than more speci ¢ psychological traits. While aesthetic perception is subjec-
tive, this study shows evidence of features uniformly clustering in the evaluation of
graphical user interface elements. Therefore, not only is the sentiment of what is
aesthetically pleasing parallel within the responses, but also the way in which visual
features in graphical items appear together. For this reason, it is advisable to observe
items separately in conjunction with factors when utilizing VISQUAL in studying
graphical user interface elements. Additionally, experimenting on the initial model
(Fig. 1) as well as the adjusted model (Fig. 2) is recommended in further assessment
of the instrument.

7.1 Implications

The growing need for customizable and adaptive interactive systems requires new
ways of measuring and understanding perceptions and personality dimensions that
a ect how graphical user interfaces are designed and adapted. This study was one
of the rst attempts to develop a measurement model for individual perceptions on
visual qualities of graphical user interface elements, rather than measuring an entire
user interface. The scale was validated using a large sample of both graphical mate-
rial (i.e., icons) and respondent data, which enhances generalizability.

Icon-based interfaces are customizable, e.g., by user navigation and theme
design. Essentially, this type of user-adaptation aims for e ective use, where the
user-perceived pragmatic and hedonic attributes are satis ed. Features for person-
alization include, e.g., rearranging user interface elements per preference. Users
also have the option to customize interface design by installing skins, of which data
are usually gathered to determine user preferences and further recommendations on
adaptation. Measured by VISQUAL, data will be available on individual percep-
tions of GUI elements, which can then be applied for user-adaptation. However, as
modeling dynamic user preference requires both preference representation and user
pro le building (Liu 2015), a complementary measurement model that investigates
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personality dimensions could be developed in order to strengthen our understanding
on personalization.

VISQUAL is an instrument with a collaborative approach, which is frequently
used in modeling individual user behavior based on group data (Zukerman and
Albrecht 2001). Personality and psyche are key dimensions in user modeling and
user-adaptive systems (Smith et al. 2019). As such, demographic factors as well as
personality traits are to be mapped for user pro ling (Chin 2001). Therefore, user
perceptions derived from VISQUAL could be united with applicable methods for
measuring user traits. One approach would be to combine VSQUAL with the ve-
factor personality model (Digman 1990) to determine personality traits for track-
ing user preferences of visual qualities and modifying interfaces accordingly. The

ve-factor model de nes user personality as Openness to Experience (O), Conscien-
tiousness (C), Extroversion (E), Agreeableness (A) and Neuroticism (N).

It has been shown that all of the wve personality traits signi cantly a ect user
preferences when observing interests, e.g., those with creative tendencies (with high
0) lean generally toward art and literature, whereas those with self-organized (with
high C) and extroverted tendencies (with high E) lean toward health and sports (Wu
et al. 2018). Demonstratively this would mean that, for example, users who are aes-
thetically sensitive would prefer GUI elements that are dominated by the Normal-
ness/Bizarreness factor that highlights uniqueness, whereas users who are more self-
organized and extroverted would prefer user interface elements that are dominated
by the Liveliness/Idleness factor that emphasizes activity.

Therefore, the panoramic strengths of VISQUAL are threefold. First, it can be
used to measure key visual elements of graphical user interfaces rather than assess-
ing the aesthetics of an entire interface. Second, the items have been constructed in
such a way that any topic of interest in GUI element design can be addressed aside
from icons, e.g., menus, windows and typefaces. Finally, as the experiment is user-
based, the results provide a strong overlook to user preference. This knowledge can
then be adapted in establishing individual user models and designing personalized
user interface systems.

This tool adds to the discourse of HCI, where usability has dominated research
partly at the expense of aesthetic considerations (Hassenzahl 2004; Tractinsky et al.
2000). The development of VISQUAL has laid the groundwork for future research
of evaluating graphical user interface elements and their visual qualities and how
these depend on user characteristics. It may prove bene cial to scholars eager to pur-
sue this area of work despite, or perhaps for, the need of further validating the e ec-
tiveness of this measure in di erent contexts of graphical user element aesthetics. A
manual for administering VISQUAL is provided in Appendix .

7.2 Limitations and future research
VISQUAL was formulated by merging existing measures and those theorized by
researchers but not previously tested, which implies limitations in the study. The

initial model appeared to contain gaps that were addressed in a post hoc revision.
This practice, however, moved the investigation out of a con rmatory analytic
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framework. Therefore, a replication study is recommended to de ne the proper-
ties of the measurement model. One approach would be to split the large sample
into calibration and validation samples to cross-validate the revised model (Brown
2015). This could also aid in determining the sample-dependence of modi cation
indices and correlated errors. Although theoretically and methodologically justi-

ed, the post hoc removal of items requires further attention in exploring context-
dependence. Future studies are thus recommended to utilize the model with 22 items
(Fig. 1) as a means to avoid systematic bias prior to the speci cation of the adjusted
model.

The results supported discriminant validity for the ve-factor model, but con-
cerns with convergent validity and composite reliability remain open for critique. As
this was a rst-time study, additional con rmatory studies are required in order to
further examine the validity of the measurement model. Another subject for discus-
sion is the overall level of reliability and validity possible to be attained by attitudi-
nal measurement instruments where data are based on subjective intercorrelations.
Intuitively, measuring user perceptions can be seen as an adequate approach for user
modeling. Nevertheless, in order to strengthen our understanding on personaliza-
tion, a complementary measurement model that investigates personality dimensions
(i.e., attitudes, behavioral tendencies, technology acceptance, aesthetics preferences)
could be developed. This would link individual user perceptions measured by VIS-
QUAL with personality traits, which could then be used to determine further recom-
mendations on adaptation (i.e., user modeling via stereotypes). Using VISQUAL as
the basis for mapping preferential trait pro les in combination with an accurately
operationalized behavior measure, it would be possible to further track the aes-
thetic aspects the user prefers, which can then be applied in modifying interfaces
accordingly.

Additionally, VISQUAL could be revamped directly to trait measurement of pref-
erence. This would imply that, rather than asking how users perceive certain GUI
elements, the instrument would measure general tendency to prefer certain qualities
of GUI elements. For example, users would be asked to rate their tendencies of pref-
erence according to the ve factors of VISQUAL instead of measuring the certain
GUI element. This would in turn provide a preference model that could be applied
on adapting GUI elements on a larger scale.

Game app icons were used in this study to maximize internal validity. This intro-
duces a possibility for conducting future research on other app icon types for com-
parative results. The choice of not informing participants about the purpose of the
apps behind the icons was made to avoid systematic bias. However, it would be ben-
e cial to conduct a similar study with additional information on the app context.
Finally, due to the nature and scope of this study, aesthetic measurements from other

elds (e.g., website design) were not included. Other topics also important for the
development of this scale that should be further assessed include demographic fac-
tors and other personal aspects such as user preferences, personality traits, and tech-
nological background. Moreover, icon understandability could be studied in order to
further measure quality.

VISQUAL was validated by measuring visual qualities of single GUI ele-
ments (i.e., icons); thus, it evaluates isolated components. However, the context
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surrounding the component may a ect the perceived utility and usability of the
component and the subjective perception of its aesthetics. As such, further research
is invited to compare subjective assessments on GUI components in two scenarios:
isolated and within (part of) a GUI. It is also to be studied whether the instrument is
applicable in other, broader contexts as well as in other elds aside from user inter-
face aesthetics research.

8 Conclusion

Prior research has focused on measuring graphical user interfaces as entities,
although separate interface elements each have their own functions and designs.
Whereas di erent tools and methods have been developed for assessing GUI aesthet-
ics, no consensus exists on how to align these measures with user perceptions and
the adaptation of the choice of elements to individual user preferences. The main
contribution of this research is an instrument with properties that can be used to
measure individual user perceptions of visual qualities and thus, guide the design
process of graphical user interface elements. However, as some concerns remained
regarding validity and reliability, replication and further examination of both the ini-
tial (Fig. 1) and the adjusted model (Fig. 2) is recommended in future research.
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Appendix: Manual for applying VISQUAL

Please use the following reference when using, adapting, further validating or otherwise
referring to VISQUAL or the paper which it was published in: Jylh and Hamari (2020).

VISQUAL is designed for measuring perceived visual qualities of graphical user
interfaces and/or singular graphical elements. The following manual guides how to
apply the VISQUAL instrument. All items marked Yes for Included in the nal
VISQUAL should be used; however, we also recommend including the Optional
items when administering VISQUAL. All items should preferably be presented on
the same page which the graphical elements are presented on. However, if this is
impractical or impossible, all measurement items should be treated equally in terms
of their cognitive proximity to the graphic under investigation.

Use a seven-point semantic di erential scale for each adjective pair (e.g., Beauti-
ful 123456 7 Ugly). The following instructions should be added beside the meas-
ured graphic: Please evaluate the appearance of the [graphic] shown. The closer
you choose to the left or right adjective, the better you think that adjective charac-
terized the [graphic]. If you choose the middle space, you think both adjectives t
equally well. The scale for each GUI element should be initiated with the following
text: In my opinion, this [graphic] is

Polarity of the adjective pairs should be randomized so that perceivably positive
and negative adjectives do not align on the same side of the scale. Please refer to
Table A for list of items.

Table A Items used in VISQUAL (items marked as Optional omitted from the adjusted model)

Factor Adjective pair Included in the
nal VISQUAL
Excellence/Inferiority Good Bad Yes
Professional Unprofessional Yes
Beautiful Ugly Yes
Expensive Cheap Yes
Strong Weak Optional
Graciousness/Harshness Soft Hard Optional
Relaxed Sti Yes
Feminine Masculine Optional
Delicate Rugged Optional
Happy Sad Yes
Colorful Colorless Yes
Warm Cool Optional
Idleness/Liveliness Slow Fast Yes
Quiet Loud Yes
Calm Exciting Yes
Passive Active Yes
Old Young Optional
Normalness/Bizarreness Concrete Abstract Yes
Realistic Unrealistic Yes
Ordinary Unique Optional
Complexity/Simplicity Complex Simple Yes
Three-dimensional Two-dimensional Yes
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