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ABSTRACT 

The years 2020–2021 mark a time when the global population was encountered by a 

world-wide pandemic. The lockdown had devastating consequences on many 

industries and individuals, and the emergence of global economies into the post-

pandemic recovery has only just begun. However, as people adapted to the pandemic 

by embracing a mobile lifestyle, industries that employed graphical user interfaces as 

a means of human-computer interaction saw tremendous growth, exceeding 

everyone’s expectations despite predictions of a slowdown. One example is the 

mobile apps and games markets, touted as the fastest growing marketplaces 

worldwide. At the moment, the impact of the mobile economy is undeniably high, 

and it does not show signs of stalling. As we look ahead and start the 'return to 

physical', we can see new mobile habits take shape in our everyday life. 

Today, people conduct most daily functions via graphical user interfaces, due to 

the increasing technology-mediated nature of all human praxis, such as socializing, 

work, education, and entertainment. The interaction is realized on various different 

platforms, be they on desktop, mobile devices, VR or (smart) TVs. Although user 

interfaces themselves are not novel, their role is more significant now than anyone 

could have imagined only a few decades ago. Attractive visual designs in user 

interfaces have proven to enhance many aspects concerning usability, sense of 

pleasure and trust, but evaluating aesthetics is challenging due to the subjective 

nature of user perception. Although several theories and measurement instruments 

have been developed in order to assess and design pleasing user interfaces, the 

measures remain scattered. Therefore, the aim of this dissertation is to expand 

knowledge on how the visual aesthetics of graphical user interfaces can be modelled, evaluated, 

and assessed.  

Through four studies, this dissertation provides an overview of the state-of-the-

art in the literature of measurement instruments of visual aesthetics for graphical 

user interfaces. The dimensions of aesthetic perception that emerge in the context 

of user interface elements are also examined and introduced by developing a scale 

for measuring perceptions. As engaging and intuitive imagery has become one of the 

most valuable assets in today’s attention economy, the studies also observe individual 

user perceptions of different demographic groups and their relationships on 
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aesthetic qualities to determine how they predict the success of graphical elements. 

The publications employ methodology ranging from a systematic literature review 

to sophisticated, quantitative statistical modelling methods to accurately identify and 

address each of the described phenomena by standardized means. 

The findings provided by this dissertation greatly contribute to existing literature 

on the measurement and prediction of visually pleasing graphical user interfaces both 

practically and theoretically. Advancing knowledge and guidelines in this fast-paced 

field requires assessment from a wide perspective, including the observation of prior 

work, and the adaptation of measures to the modern economy by highlighting user 

behavior and preferences. This is particularly important in the milieu of the 

increasingly growing prevalence of graphical user interfaces that will continue 

shaping our lives in ways unimaginable. 
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1 INTRODUCTION 

Graphical user interfaces (GUIs) are ever more present in our everyday lives due to 

the increasing technology-mediated nature of all human praxis. People conduct 

important functions of their life such as socializing, work, education, and 

entertainment by interacting with graphical user interfaces, be they on desktop, 

mobile devices, VR or (smart) TVs. Human-computer interaction (HCI) through 

different types of interfaces has enabled world-wide communication that has proven 

essential particularly during the COVID-19 pandemic. Various factors have 

influenced the growth that GUI design has encountered, such as advances in 

computer hardware and software as well as industry and consumer preferences. 

Although GUIs themselves are not novel, their role is more significant than anyone 

could have imagined a few decades ago. 

Engaging imagery has become one of the most valuable assets in today’s attention 

economy, where companies are trying to get us hooked with targeted and tailored 

advertising, products, and services, all realized by the technology in our immediate 

reach. The modern, progressive clickbait tactics of attention marketing exist to keep 

people spending more time on different platforms (Timely, 2021), in which they 

seem to have succeeded. For example, observing what has been viewed as the fastest 

growing marketplaces in the world, namely app markets, shows that people spend 

an incredible amount of time and money on mobile platforms. Most of the revenue 

for the two leading app stores come from games, as they contribute approximately 

60% of App Store’s revenue and 80% for Google Play. The total revenue from 

entertainment apps is expected to rise to $12 billion in 2022, which doubles the total 

for 2020 (App Annie, 2021). Considering these statistics, the impact of app and game 

industry to economic growth is immense. 

After app stores became dominant in providing software, the number of mobile 

apps has been rising at a fast pace (Moreira et al., 2014). Effective design is necessary 

for consumer engagement, which has been noticed by online storefronts that try to 

attract users in different ways (Overby and Sabyasachi, 2014). Mobile application 

adoption has been found to be a complex entity of varying perceptions, such as 

gender, content price and quality, as well as time spent playing mobile games (Pappas 
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et al., 2019). This sets the milieu for the dissertation, as the operationalization was 

situated in the mobile apps and games markets, and the topic is relevant in the wider 

perspective of the phenomenal atmosphere that is enabled by that of games and 

gamification. 

Aesthetics in graphical user interface design and research has quickly started to 

gain attention after the trend of prior literature focusing heavily on usability, perhaps 

at the expense of aesthetics (Tractinsky et al. 2000). The definition extends from 

fonts to illustrations, transforming information into visual communication through 

balanced (i.e., equally weighted), symmetrical (i.e., equally distributed), and appealing (i.e., 

attractive) graphics. Attractive visual design has proven to enhance e.g., usability 

(Kurosu and Kashimura 1995; Ngo et al. 2000; 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). However, 

evaluating aesthetics is challenging due to the subjective nature of user perception 

(Jylhä and Hamari 2019; Reinecke and Gajos 2014), and although several 

measurement instruments have been introduced to assess and design pleasing 

graphical user interfaces, the measures remain scattered. There is a need for 

quantification of visual aesthetics relating to GUI design (Wang et al. 2018) to 

advance effortless human-computer interaction that enables various daily actions for 

different target groups, considering people with various premises regarding age, 

gender, abilities and technology skills. 

Graphical user interfaces with balanced elements have found to promote user 

engagement, while a cluttered interface may result in frustration (Jankowski et al. 

2016; Jankowski et al. 2019; Lee and Boling 1999; Ngo et al. 2000; Salimun et al. 

2010). Moreover, adaptive user interfaces lead into better ratings of satisfaction as 

well as long-term usage of platforms (Debevc et al. 1996; Hartmann et al. 2007; 

Sarsam and Al-Samarraie 2018). This highlights the well-established knowledge in 

several related fields: aesthetics matter (Hartmann et al. 2007; Tractinsky et al. 2000). 

For this particular reason, collaboration between artists, scientists and technologists 

is essential in this regard (Ahmed et al. 2009). Increasing demands for customization 

within HCI, marketing and interactive entertainment introduce new possibilities and 

challenges to scholars and practitioners. 

Therefore, understanding how the visual aesthetics of graphical user interfaces can be 

modelled, evaluated, and assessed is of utmost importance, as their effects on us are also 

increasingly prevalent. While there have been discreet ventures to addressing these 

gaps in our knowledge, currently this continuum is lacking a coherent overview of 

the field as well as agenda for future research. This dissertation provides a thorough 
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approach to attractive user interfaces, their measurement and prediction through 

four studies that each investigate topical questions with the objective of filling major 

gaps in a field that is advancing at an incredibly fast pace with such possibilities in 

the future that might exceed the expectations of many. 

1.1 Research problem and questions 

In the course of the publications included in this dissertation, it became evident that 

visual aesthetics is indeed a broad domain that surrounds subjectivity in individual 

opinions, but also objectivity in general characteristics. Aesthetics is one of the 

important dimensions of GUI design that influences perceptions and shapes user 

experience.  

At present, there is no standard measurement model to evaluate the visual 

aesthetics of GUIs. Current methods include qualitative approaches based on human 

responses, as well as quantitative approaches based on e.g., metric calculation and 

deep learning. Nevertheless, a thorough overview of the proposed measures is 

missing that would systematically map out the various instruments. For this reason, 

publication 1 aims to answer the first research question of this dissertation: 

 

RQ1: What is the current state-of-the-art in the literature of measurement 

instruments of visual aesthetics for graphical user interfaces? 

Measurement instruments have been proposed to assess and design pleasing 

graphical user interfaces (e.g., Choi and Lee 2012; Hassenzahl 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 considering the subjective experience. In continuation 

of the thematic around methodology development, publication 2 complements 

previous works from a new perspective, by investigating what aesthetic perceptions 

appear together. Consequently, a new instrument VISQUAL is developed for 

measuring user perceptions of visual qualities of graphical user interfaces. To lay out 

the development process, the second research question is as follows:  

 

RQ2: What are the psychometric properties of VISQUAL, and what dimensions 

of aesthetic perception emerge (in the context of GUI elements)? 



 

18 

In general, knowledge about the dimensions of aesthetic perception is crucial, as 

nowadays purchase decisions and therefore commercial success is heavily dependent 

on effective visuals (Overby and Sabyasachi, 2014). In connection with online 

storefronts (i.e., app stores) that have seen tremendous growth during the past years 

and especially during the times of the pandemic, publication 3 explored the aesthetic 

qualities that are likely to engage users into interacting with GUI elements (i.e., app 

icons). Drawing from the domains of user behavior and marketing, answered by 

publication 3, the third research question in this dissertation is: 

 

RQ3: How do perceived visual aesthetics predict the attractiveness of graphical 

user interface elements? 

The attractiveness of GUI elements has far-reaching consequences. As such, 

considerations of demographic differences (i.e., age, gender and level of technology 

adoption) have become prevalent due to increasing demands for customization and 

adaptation within HCI (Norman, 2004; Tractinsky et al., 2000). However, these 

effects still remain relatively unexplored. This leads us to the final research question: 

 

RQ4: Do demographic factors affect aesthetic perceptions of graphical user 

interface elements? 

Ineffective interface usability tends to affect older age groups due to visual acuity 

changes (Johnson and Finn, 2017; Huang, 2013). Moreover, age is likely to 

contribute to users’ skill level and experience with technology (KnowItAll Ninja, 

2016). Therefore, age can be considered a meaningful factor in GUI aesthetics. 

Regarding gender differences and aesthetics in the field of HCI, preferences of male 

and female users has found to differ significantly previously (Genuine, 2013). 

However, new trends of more unisex patterns have been discovered recently (Morris 

et al., 2005). Time interacting with interfaces has shown to affect user attributes, 

preferences and expectations (Hartmann et al., 2008; Thüring and Mahlke, 2007) that 

can lead to different outcomes concerning interface design. As the frequency of use 

is related to aesthetic perceptions as well, it is an important variable in determining 

the subjective experience. As an overview of the dissertation, Figure 1 presents the 

concepts, research questions, and publications. 
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Figure 1.  Overview of publications 

1.2 Structure of the dissertation 

The dissertation is divided into five chapters. The following chapter 2, background, 

introduces the wider discourse around visual qualities of graphical user interfaces as 

well as measurement and prediction of graphical user interface aesthetics. Chapter 3, 

methods and data, describes the literature review process and the online experiment 

along with details on participants, materials, measurement, procedure and analyses 

performed in the publications included in this dissertation. Chapter 4, results, presents 

a summary of the findings by each publication. Chapter 5, discussion, covers 

contributions of the publications, limitations, and research avenues. Chapter 6 

concludes the dissertation with remarks on future research agenda. 
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2 BACKGROUND 

The discourse of visual aesthetics in graphical user interfaces is a complex entity that 

combines several scientific areas, such as psychology, design and technology, as well 

as user experience. Modelling, evaluating, and assessing these entities further requires 

understanding of theories, measurement models, and context types regarding user 

interface aesthetics. The following sections lay out the foundation to these topics as 

an introduction to prior research relevant to the study. The first section defines visual 

aesthetics in the context of graphical user interfaces, describing user interaction from 

different perspectives according to prior findings. The second section discusses 

measurement and prediction of graphical user interface aesthetics in a 

comprehensive way, presenting measurement instruments by prior literature. The 

third and fourth section present different aesthetic aspects and dimensions assessed 

by the instruments, as well as use contexts of the instruments. The fifth section 

discusses the validity of these instruments. Finally, on the basis of the foundation 

laid out, the last section identifies gaps in prior research that are aimed to be filled 

by the publications in this dissertation.  

2.1 Visual aesthetics in graphical user interfaces 

Derived from art and evolutionary science, aesthetic pleasure can be defined as the 

pleasure people get from processing the object for its own sake, as a source of immediate experiential 

pleasure in itself, and not essentially for its utility in producing something else that is either useful 

or pleasurable (Dutton, 2009). Building upon this notion, aesthetic pleasure has shown 

to be a direct response to an object, which often precedes judgments of its utilitarian 

qualities or the needs it can fulfill, measured separately from an emotional or 

cognitive response (Blijlevens et al., 2017). The definition of visual aesthetics in the 

context of GUIs is attractive computer-based environments, reflecting the look and feel of 

a design, as well as the overall experience with a system (Ahmed et al., 2009; 

Hartmann et al., 2007b; Jennings, 2000). It is a research field that focuses on the 

user’s subjective judgment on how aesthetically pleasing a system or a product is 

(Lee and Koubek, 2011), a dominant area in HCI due to the wide use of technology 
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for everyday actions. Aesthetics within human-computer interaction is usually 

divided into classical aesthetics and expressive aesthetics (Ahmed et al., 2009; 

Hartmann et al., 2008; Lavie and Tractinsky, 2004). Classical aesthetics refers to clear, 

traditional designs, whereas expressive aesthetics refer to more creative, abstract 

designs.  

According to an information-processing model, aesthetic experiences involve five 

stages: perception (i.e., complexity, contrast, symmetry, order and grouping), explicit 

classification (i.e., style, content), implicit classification (i.e., familiarity, fluency, 

prototypicality), cognitive mastering (art-specific interpretation, self-related 

interpretation) and evaluation (understanding, ambiguity, satisfaction, pleasure) 

(Leder et al., 2004). The aspects of these five stages are predominant in user interface 

research, where e.g., symmetry and complexity are among the most studied elements 

(see section 2.3). These stages are further divided into aesthetic emotion and 

aesthetic judgments, which explains social interaction discourse and how, for 

example, personal taste is developed in art. Aesthetic emotion depends on the 

success of the information processing and can result in positive or negative feelings 

depending on the processing. The process can be considered rewarding, but the 

result can be negative in the case of aesthetic judgment. Interaction with user 

interfaces is done via graphical elements providing intuitive and immediate visual 

feedback, such as windows, menus and icons (Linux Information Project, 2004). 

Especially concerning interface icons, which were used as study material in 

publications 2, 3 and 4, attractiveness has been described as a mild aesthetic 

experience that refers to the power to attract users (McDougall et al., 2016). Icons 

are pictographic symbols, usually seen in graphics-based interfaces of operating 

systems (Gittins, 1986). Icons are popular in human-computer interaction, and they 

have replaced commands and menus as the means by which the computer supports 

a dialogue with the end-user (García et al., 1994; Gittins 1986; McDougall et al., 1998; 

Huang et al., 2002). The reason why icons are in such wide use is because they 

facilitate human-computer interaction being easily recognized and memorized 

(Horton, 1994; 1996; McDougall et al., 1999; Wiedenbeck, 1999). Icons are also 

convenient for universal communication, since there is no language barrier (Arend 

et al., 1987; Horton, 1994; 1996; Lodding, 1983; McDougall et al., 1999). Icons are 

one of the main elements of GUI design (Hou and Ho, 2013; Jylhä and Hamari, 

2019; Shu and Lin, 2014), and results show that attractive icons increase consumer 

interest (Burgers et al., 2016; Chen, 2015; Wang and Li, 2017) and interaction within 

GUIs (Lin and Chen, 2018; Lin and Yeh, 2010; Salman et al., 2010; Salman et al., 

2012). While icons do not constitute a graphical user interface solitarily, an icon-
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based GUI is a highly common presentation in best-selling devices at present, which 

further justifies the use of icons as study material.  

In system design, information structure has been connected with perceived 

aesthetics and usability (Ahmed et al., 2009; Cyr, 2009), and aesthetics in GUI design 

has been proven an integral part of a positive user experience (Kurosu and 

Kashimura, 1995; Ngo et al., 2000; Overby and Sabyasachi, 2014; Salimun et al., 

2010; Tractinsky, 2000). Positive user experience is important for successful human-

computer interaction, because encountering a negative experience may result in user 

frustration and abandonment of the interface. User experience is linked with visual 

aesthetics to an increasing extent (Debevc et al., 1996; Hartmann et al., 2007a; 

Sarsam and Al-Samarraie, 2018), hence, an attractive user interface is important 

when aiming for successful human-computer interaction as well as commercial 

performance (Gait, 1985; Lin and Yeh, 2010). 

Users tend to carefully consider the presentation of products, and they often form 

their opinions on brands based on the look and feel (Orth and Malkewitz, 2008). 

Aesthetics is a major driver in product selection and purchase decisions (Ares et al., 

2011; Creusen and Schoormans, 2005; Creusen et al., 2010; Fenko et al., 2010; Orth 

and Malkewitz, 2009; Schifferstein et al., 2013; van Rompay et al., 2009). This is why 

the appeal of GUIs should be of great importance to designers and developers. In 

theory, product presentation can be divided into visual and informational elements. 

Visual elements include e.g., layout, color, typography, size and shape, whereas 

informational elements include written information about the product (Silayoi and 

Speece, 2004). Effective visual elements in product presentation evoke more of an 

emotional response than informational elements (Silayoi and Speece, 2004), for 

example, users perceive highly saturated colors as exciting (Labrecque and Milne, 

2012), making them popular in product presentation. This in turn brings extra value 

to the product and increases the possibility of purchase (Cho and Lee, 2005). 

Regarding interface design and different users, research has shown that younger 

people have a more critical outlook towards aesthetics than older people. Thus, 

interface designers should put effort in aesthetics considerations in order to appeal 

to younger audiences (Oyibo et al., 2018). Moreover, older people have proven to 

experience more anxiety relating to human-computer interaction than younger 

people, therefore a number of design guidelines has been proposed (e.g., the use of 

large fonts, maintaining visual consistency) in order to accommodate the aging 

population (Johnson and Finn, 2017). Relating to interface design and gender, males 

have found to prefer usability, while females prefer aspects concerning beauty 

(Creusen, 2010; Henry, 2002; Oyibo and Vassileva, 2017; Tuch et al., 2010; 
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Wallendorf and Arnould, 1988). Moreover, females have been found to be more 

sensitive to color and visual complexity in the context of user interfaces than males 

(Creusen, 2010; Reinecke and Gajos, 2014; Smith, 1995).  

The more the users spend time with devices has shown to affect user preferences 

and expectations of visual aesthetics (Lee and Koubek, 2011). Users have also been 

found to be more selective with aesthetics based on experience (Hartmann et al., 

2008). It can be noted that involvement with GUI elements may impact users in 

several ways in regard to skill level, user experience, decision-making processes and 

perceptions of aesthetics. However, this topic has received relatively little attention 

especially considering mobile interfaces (Miniukovich and De Angeli, 2014b). 

2.2 Measurement and prediction of graphical user interface 
aesthetics 

Graphical user interface design has experienced change during the past decades, yet 

principles of visual aesthetics are still lacking. There is a need for an epistemological 

corpus on human factors and the quantification of aesthetic aspects relating to GUI 

design (Wang et al., 2018). Although several studies assessing the attractiveness of 

specific GUIs or GUI elements exist, instruments for the evaluation of graphical 

user interface aesthetics are scarce and scattered. Table 1 summarizes the 

instruments introduced by prior literature. The instruments are divided into 

evaluation based on graphical features (i.e., metrics) and evaluation based on human 

perceptions. Evaluation that is based on graphical features avoids human 

involvement in the assessment, whereas evaluation based on perceptions draw 

conclusions based on human responses. Additionally, evaluations conducted via 

emerging technologies that combine the aforementioned methods and/or introduce 

another approach were labelled as other (i.e., deep learning and eye-tracking). 

Table 1.  Instruments for evaluation of graphical user interface aesthetics 

 

Instrument type Studies 

Evaluation based on 
graphical features 

Bessghaier et al. (2021); Mbenza and Burny (2020); Maity et al. (2015); Maity et al. 
(2016); Maity and Bhattacharya (2019); Meier (1988); Miniukovich and De Angeli 
(2014a); Miniukovich and De Angeli (2014b); Miniukovich and De Angeli (2015a); 
Miniukovich and De Angeli (2015b); Miniukovich et al. (2018); Ngo et al. (2000); 
Ngo and Byrne (2001); Purchase et al. (2011); Reinecke et al. (2013); Reinecke 
and Gajos (2014); Riegler and Holzmann (2018); Uribe et al. (2017); Zen and 
Vanderdonckt (2014); Zen and Vanderdonckt (2016) 
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Evaluation based on 
human perceptions 

Hassenzahl et al. (2003); Hassenzahl (2004); Jylhä and Hamari (2020); Lavie and 
Tractinsky (2004); Moshagen and Thielsch (2010); Moshagen and Thielsch (2013); 
Park et al. (2004); Sutcliffe (2002) 

Other (i.e., deep 
learning, eye-tracking) 

Dou et al. (2019); Gu et al. (2020); Khani et al. (2016); Liu and Yiang (2021); 
Pappas et al. (2020); Wu et al. (2011); Wu et al. (2016); Xing et al. (2021) 

There have been many attempts to measure aesthetics of graphical user interfaces by 

several geometry-related and image-related metrics, e.g., balance, equilibrium, 

symmetry to avoid human involvement in the process. These are evaluations based 

on graphical features. A user interface is said to be in a state of repose when all of 

these metrics are configured accurately. If these metrics are not perfected, it will 

result in a state of chaos (Ngo et al., 2000). The first study concerning the 

measurement of GUI aesthetics was a metric-based evaluation by Meier (1988) 

named ACE, which applies color theory to user interface design via automation. The 

prototype used pre-programmed color rules as constraints to determine the best 

colors for user interface elements. In a more modern setting, one of the earliest 

studies to explore metric-based aesthetic assessment was the work of Ngo et al. 

(2000) and Ngo and Byrne (2001). These studies presented a subset of 14 metrics to 

quantify different layout aspects of GUIs. The metrics were then calculated based 

on e.g., the distance from the central line of the GUI or the number of layout 

elements. Following this work, several other combinations of the metric aspects have 

been introduced and investigated, usually considering at least ten metrics to calculate 

visual aesthetics (Bessghaier et al., 2021; Maity et al., 2015; Mbenza and Burny, 2020; 

Purchase et al., 2011; Zen and Vanderdonckt, 2014; Zen and Vanderdonckt, 2016). 

Relating to mobile user interface aesthetics, Bessghaier et al., (2021) developed the 

Aesthetic Defects DEtection Tool (ADDET) to determine the structural aesthetic 

dimension automatically. The tool includes combined metric assessment to check 

various structural properties. Maity et al. (2015) performed an image-based 

evaluation with several metrics and color-related features calculated in MatLab. 

Mbenza and Burny (2020) combined 10 metrics creating AesthetiXML web service, 

while Purchase et al. (2011) calculated an overall score of 14 combined metrics to 

assess GUI aesthetics via a web-based script. Zen and Vanderdonckt (2014; 2016) 

developed a web application named the Quality Estimator Using Metrics 

(QUESTIM) that computes regions and metrics of desktop and mobile GUIs. 

Miniukovich and De Angeli (2014a) proposed another metric system based on 

psychological assessment of visual complexity in the creation of tLight, an automatic 

GUI evaluation tool. The formula described metric aspects belonging to three 

dimensions: information amount (visual clutter and color variability), information 
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organization (symmetry, grid, ease-of-grouping and prototypicality), and information 

discriminability (contour density and figure-ground contrast). The work was further 

extended and tested to cover both web and mobile graphical user interfaces 

(Miniukovich and De Angeli, 2014b; Miniukovich and De Angeli, 2015a; 

Miniukovich and De Angeli, 2015b) as well as operationalized into another subset 

of complexity measures (Miniukovich et al., 2018). Visual complexity and 

colorfulness were also central elements in other measures (Reinecke et al., 2013; 

Reinecke and Gajos, 2014; Riegler and Holzmann, 2018, Uribe et al., 2017) 

demonstrating that predictions of colorfulness and complexity can account for 

nearly half of the variance in observed ratings of visual appeal (Reinecke et al., 2013). 

Metric-based instruments that focus on the visual aesthetics assessment of specific 

elements (e.g., text, images, white space, color) rather than evaluating the entire GUI 

include the works of Maity et al. (2016) and Maity and Bhattacharya (2019). These 

studies calculate metrics such as typography character density, word and letter 

spacing, as well as font size (Maity et al., 2016; Maity and Bhattacharya, 2019).  

In addition to metric-based instruments, aesthetic value of graphical user 

interfaces has been measured by survey-based approaches based on human 

perceptions. A seven-point semantic differential scale AttrakDiff 2 was introduced 

by Hassenzahl et al. (2003) with 21 items measuring hedonic quality–identification, 

hedonic quality–stimulation, and pragmatic quality. The instrument was developed 

further by Hassenzahl (2004) with a version that included two evaluational 

constructs (ugly–beautiful and bad–good), resulting in 23 semantic differential items. 

The research investigated graphical user interfaces of MP3 software and found that 

beauty is related to hedonic qualities rather than pragmatic qualities (Hassenzahl, 

2004). Semantic differential is a commonly used tool for measuring connotative 

meanings of concepts. Similar to AttrakDiff 2 (Hassenzahl et al., 2003), semantic 

differential scale was used in the development of the five-dimensional scale 

VISQUAL (Jylhä and Hamari, 2020), the measurement instrument developed in 

publication 2. Initially, VISQUAL had 22 items but was further validated with 15 

items. Despite AttrakDiff 2 and VISQUAL both being built on semantic differential, 

in addition to differences in items, AttrakDiff 2 was 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 

elements 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, AttrakDiff 2 measures hedonic and pragmatic qualities of entire user 
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interfaces. While an effective 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 Vanderdonckt 2016). This justifies the development of an element-

specific evaluation instrument for visual aesthetics, namely VISQUAL.  

A survey-based method that has been widely used was developed by Lavie and 

Tractinsky (2004) with 25 items measuring aesthetic value of website GUIs. The 

participants evaluated the design of two websites based on a 7-point Likert scale 

ranging from “strongly disagree” to “strongly agree”. This research divided visual 

aesthetics into classical and expressive aesthetics, where classical aesthetics refers to 

orderly and clear designs and expressive aesthetics refers to creative and original 

designs. Similarly, a 7-point Likert scale questionnaire was composed by Moshagen 

and Thielsch (2010), namely The Visual Aesthetics of Website Inventory (VisAWI) 

questionnaire. This scale measures visual aesthetics via four dimensions: simplicity, 

diversity, color and craftmanship. The survey contains 18 items to which 

respondents assessing websites indicate their level of agreement. A short version of 

this questionnaire (VisAWI-s) was later proposed by Moshagen and Thielsch (2013) 

with four items, one for each dimension, that provide a brief visual aesthetics 

assessment of websites. Park et al. (2004) also employed a 7-point Likert scale in 

their questionnaire, which consists of 13 aesthetic dimensions with 30 items to 

evaluate visual aesthetics. The items were constructed with professional designers 

and further validated by a survey study. Finally, a 5-point Likert scale questionnaire 

was developed by Sutcliffe (2002), proposing heuristics for assessing the 

attractiveness of user interfaces based on aesthetic design. The seven aesthetic design 

qualities include balanced use of colour; symmetry and style; structured and 

consistent layout; depth of field; choice of media to attract attention; use of 

personality in media to attract and persuade; and design of unusual or challenging 

images that stimulate the users’ imagination and increase attraction. 

Recently, other methods have started to appear alongside the two main 

categories. These alternative methods apply e.g., deep learning (Dou et al., 2019; 

Khani et al., 2016; Liu and Yiang, 2021; Wu et al., 2011; 2016; Xing et al., 2021) and 

eye-tracking (Gu et al., 2020; Pappas et al., 2020). Dou et al. (2019) adopt a deep 

neural network protocol named Webthetics, using backpropagation as learning 

algorithm. This convolutional neural network (CNN) architecture is trained from 

user rating data, extracting representative features from webpages to quantify their 

aesthetics. Likewise, Khani et al. (2016) use a similar deep learning technique to 
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assess website aesthetics classifying the represented data using a Support Vector 

Machine (SVM) and Gaussian radial basis function kernel algorithm. Liu and Yiang 

(2021) divide aesthetic assessment into multiple modalities (i.e., text content scoring, 

image aesthetic assessment and video quality assessment) before using SVM to assess 

results in their deep learning model. Wu et al. (2016) also divide aesthetics into 

multimodal features (i.e., structural, local and global visual, and functional features) 

and analyze multiuser ratings with structural SVM. Additionally, the number and 

aspect ratio of text blocks has been applied to analyze their influence on GUI 

aesthetics (Wu et al., 2011). Lastly, Xing et al. (2021) presented a model using CNN 

to quantify user perceptions of layout, color, and texture. Several frameworks were 

compared in the study, and the optimal result was achieved by SE-VGG19. Aside 

from deep learning methods, Gu et al. (2020) use eye-tracking data, i.e., visual 

attention entropy (VAE), to measure the interest of users in websites via gaze points 

and eye movement speed. They calculate a relative visual attention entropy value 

(rVAE) through a heatmap to correlate with human assessments. Pappas et al. (2020) 

track gaze behavior of users (e.g., pupil diameter, fixation, saccade) while looking at 

high, neutral, and low visually appealing websites. Using Random Forest regression 

algorithm, the collected data is assessed according to the VisAWI questionnaire 

Moshagen and Thielsch, 2010) in terms of simplicity, diversity, colorfulness, and 

craftsmanship. Measurement instruments should be selected based on the purpose 

of the research. It has been discussed that automated measures are preferable when 

the research objective is related to the user’s ability to encode new information, and 

human evaluation is preferable upon finding out motivations for user behavior 

(Selnes and Grønhaug 1986). Both measurement types have their strengths and 

weaknesses. VISQUAL is essentially an instrument that measures qualities based on 

human perceptions, thus it vastly differs from other measurement instruments that 

observe the design of graphical features while avoiding human involvement in the 

process. Measuring with VISQUAL is therefore fundamentally reliant on respondent 

data, which has both advantages (e.g., acquiring user interpretation intel, gaining a 

deeper understanding of psychological aspects) and disadvantages (e.g., low and 

selective participation rate that may distort estimates) as opposed to other, more 

automated methods. Here we come to the conclusion that in the ideal setting, 

measures should be combined to attain a higher level of understanding of the 

research topic, which has been attempted by the aforementioned emerging 

technologies (i.e., deep learning and eye-tracking). 
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2.3 Aspects and dimensions of the measurement instruments 
 

Tables 2, 3 and 4 present the different aesthetic aspects and dimensions assessed by 

the instruments presented and discussed in the previous section. They were divided 

according to the instrument types described in Table 1, i.e., evaluation based on 

graphical features (layout, imagery and geometry as well as typography), evaluation 

based on human perceptions, and other (i.e., deep learning and eye-tracking). 

Table 2.  Aspects of graphical user interface aesthetics 

 

Type Aspect Studies 

Evaluation 
based on 
graphical 
features  
(e.g., layout, 
imagery and 
geometry) 

Alignment Mbenza and Burny (2020); Riegler and Holzmann (2018); Zen and Vanderdonckt 
(2014) 

Balance Bessghaier et al. (2021); Maity et al. (2015); Ngo et al. (2000); Ngo and Byrne 
(2001); Purchase et al. (2011); Reinecke et al. (2013); Reinecke and Gajos (2014); 
Riegler and Holzmann (2018); Zen and Vanderdonckt (2014); Zen and 
Vanderdonckt (2016) 

Brightness Meier (1988) 

Clutter Miniukovich and De Angeli (2014a); Miniukovich and De Angeli (2014b); 
Miniukovich and De Angeli (2015a) 

Cohesion Bessghaier et al. (2021); Ngo and Byrne (2001); Purchase et al. (2011) 

Color Maity and Bhattacharya (2019); Meier (1988); Miniukovich and De Angeli 
(2014a); Miniukovich and De Angeli (2014b); Miniukovich and De Angeli (2015a); 
Miniukovich and De Angeli (2015b); Miniukovich et al. (2018); Reinecke et al. 
(2013); Reinecke and Gajos (2014); Riegler and Holzmann (2018); Uribe et al. 
(2017) 

Complexity Miniukovich and De Angeli (2014b); Miniukovich and De Angeli (2015a); 
Miniukovich et al. (2018); Ngo et al. (2000); Ngo and Byrne (2001); Purchase et 
al. (2011); Reinecke et al. (2013); Reinecke and Gajos (2014); Riegler and 
Holzmann (2018); Zen and Vanderdonckt (2014) 

Concentricity Zen and Vanderdonckt (2014) 

Color 
contrast 

Maity et al. (2015); Maity and Bhattacharya (2019); Miniukovich and De Angeli 
(2014a); Miniukovich and De Angeli (2015a) 

Density Bessghaier et al. (2021); Maity et al. (2015); Mbenza and Burny (2020); Ngo and 
Byrne (2001); Purchase et al. (2011); Riegler and Holzmann (2018); Zen and 
Vanderdonckt (2014) 

Economy Mbenza and Burny (2020); Ngo and Byrne (2001); Purchase et al. (2011); Zen 
and Vanderdonckt (2014) 

Edge 
congestion 

Miniukovich and De Angeli (2014a); Miniukovich and De Angeli (2014b); 
Miniukovich and De Angeli (2015a) 

Element ratio Maity and Bhattacharya (2019) 
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Equilibrium Maity et al. (2015); Ngo et al. (2000); Ngo and Byrne (2001); Purchase et al. 
(2011); Reinecke et al. (2013); Zen and Vanderdonckt (2014) 

Grid Miniukovich and De Angeli (2014b); Miniukovich and De Angeli (2015a) 

Grouping Mbenza and Burny (2020) ; Miniukovich and De Angeli (2014b) 

Homogeneity Bessghaier et al. (2021); Mbenza and Burny (2020); Ngo and Byrne (2001); 
Purchase et al. (2011); Zen and Vanderdonckt (2014) 

Hue Maity et al. (2015); Maity and Bhattacharya (2019); Meier (1988) 

Lighting Maity et al. (2015); Uribe et al. (2017) 

Number of 

elements 
Maity et al. (2015); Reinecke et al. (2013); Reinecke and Gajos (2014) 

Order Ngo et al. (2000); Ngo and Byrne (2001); Purchase et al. (2011); Zen and 
Vanderdonckt (2014); 

Proportion Mbenza and Burny (2020); Ngo and Byrne (2001); Purchase et al. (2011); Zen 
and Vanderdonckt (2014); Zen and Vanderdonckt (2016) 

Regularity Bessghaier et al. (2021); Ngo and Byrne (2001); Zen and Vanderdonckt (2014) 

Rhythm Maity et al. (2015); Ngo and Byrne (2001); Zen and Vanderdonckt (2014) 

Saturation Maity et al. (2015); Maity and Bhattacharya (2019); Meier (1988) 

Sequence Bessghaier et al. (2021); Ngo and Byrne (2001); Purchase et al. (2011); Zen and 
Vanderdonckt (2014) 

Sharpness Maity and Bhattacharya (2019) 

Simplicity Bessghaier et al. (2021); Mbenza and Burny (2020); Ngo and Byrne (2001); 
Purchase et al. (2011); Zen and Vanderdonckt (2014); Zen and Vanderdonckt 
(2016) 

Smoothness Maity et al. (2015); Maity and Bhattacharya (2019) 

Symmetry Maity et al. (2015); Mbenza and Burny (2020); Miniukovich and De Angeli 
(2014a); Miniukovich and De Angeli (2014b); Miniukovich and De Angeli (2015a); 
Miniukovich et al. (2018); Ngo et al. (2000); Ngo and Byrne (2001); Reinecke et 
al. (2013); Reinecke and Gajos (2014); Zen and Vanderdonckt (2014); Zen and 
Vanderdonckt (2016) 

Texture Miniukovich and De Angeli (2015b); Uribe et al. (2017) 

Unity Bessghaier et al. (2021); Mbenza and Burny (2020); Ngo and Byrne (2001); 
Purchase et al. (2011); Zen and Vanderdonckt (2014) 

Value Maity and Bhattacharya (2019) 

White space Maity and Bhattacharya (2019); Miniukovich and De Angeli (2015a) 

Metrics 
related to 
typography 

Contrast 
(luminance, 
chromatic) 

Maity et al. (2016); Maity and Bhattacharya (2019) 

 Font size Maity et al. (2016); Maity and Bhattacharya (2019) 

 Letter spacing Maity et al. (2016); Maity and Bhattacharya (2019) 

 Line height Maity et al. (2016); Maity and Bhattacharya (2019) 

 Word spacing Maity et al. (2016); Maity and Bhattacharya (2019) 

Table 2 illustrates the frequencies of different metric-based aspects. The most 

studied metrics include symmetry, color and complexity, as well as balance. The least 
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frequent metrics are brightness and value. Automation of GUI aesthetics has been 

argued to be precise, cost-efficient and fast (Ngo et al. 2000; Zen and Vanderdonckt 

2014). However, the metric aspects remain scattered and thus, different 

configurations and controversial results of metric evaluations occur which hinders 

systematic automation of GUI aesthetics evaluation and design. 

Table 3.  Dimensions of UI aesthetics based on perceptions 

 

Type Dimension Studies 

Evaluation based 
on human 
perceptions 
 

Hedonic quality–identification, Hedonic quality–
stimulation, Pragmatic quality 

Hassenzahl et al. (2003); 
Hassenzahl (2004) 

Excellence/Inferiority, Graciousness/Harshness, 
Idleness/Liveliness, Normalness/Bizarreness, 
Complexity/Simplicity 

Jylhä and Hamari (2020) 

Classical and Expressive Aesthetic value Lavie and Tractinsky 
(2004) 

Simplicity, Diversity, Color, Craftsmanship Moshagen and Thielsch 
(2010); 
Moshagen and Thielsch 
(2013) 

Aesthetic dimensions of websites Park et al. (2004); 

Use of color, Symmetry/aesthetic style, Structured 
layout, Depth of field, Choice of media, People and 
Personality, Unusual images 

Sutcliffe (2002) 

Table 3 summarizes aesthetic dimensions examined by the evaluation methods based 

on human perceptions. Similar to the metric aspects, the qualitative instruments also 

introduce several different concepts and scales, i.e., semantic differential (Hassenzahl 

et al. 2003; Hassenzahl 2004; Jylhä and Hamari 2020) and Likert scales (Lavie and 

Tractinsky 2004; Moshagen and Tielsch 2010; 2013; Park et al. 2004; Sutcliffe 2002). 

However, overlapping themes include studying color, simplicity and complexity, 

quality of aesthetic design, as well as uniqueness. The benefits of these methods are 

the consideration of the subjective experience (Hassenzahl et al. 2003; Jylhä and 

Hamari 2020), nevertheless, administering a survey can be time-consuming with a 

risk of a small and/or non-diverse pool of participants, which may result in poor 

generalizability of research. 
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Table 4.  Aspects based on deep learning and eye-tracking 

 

Type Aspects Studies 

Deep learning Clustering Wu et al. (2016) 

Feature extraction Dou et al. (2019); Khani et al. (2016); Liu and 
Yiang (2021); Wu et al. (2011); Wu et al. (2016); 
Xing et al. (2021) 

Feature dimension reduction Khani et al. (2016) 

HSV color assessment Dou et al. (2019); Liu and Yiang (2021); Wu et al. 
(2011); Wu et al. (2016) 

Regression mapping Dou et al. (2019); Wu et al. (2016); Xing et al. 
(2021) 

SVM classification Khani et al. (2016); Liu and Yiang (2021); Wu et 
al. (2016) 

Text scoring Liu and Yiang (2021); Wu et al. (2011); Wu et al. 
(2016) 

Texture Wu et al. (2016); Xing et al. (2021) 

Transfer learning Dou et al. (2019) 

Eye-tracking Areas of gaze interest (AOI) Gu et al. (2020) 

Gaze duration Gu et al. (2020); Pappas et al. (2020) 

Gaze fixation Gu et al. (2020); Pappas et al. (2020) 

Pupil diameter Pappas et al. (2020) 

Saccade Gu et al. (2020); Pappas et al. (2020) 

Table 4 presents aspects related to deep learning and eye-tracking that predict GUI 

aesthetics. These measurement types are relatively novel and thus scarce, however, 

promising results have been provided by the extant corpus on the benefits of these 

methods. Convolutional neural networks have been argued to be effective for GUI 

aesthetic evaluation because the data sample is usually extensive, and quick, reliable 

results have been acquired when compared to human ratings (Dou et al. 2019; Khani 

et al. 2016; Xing et al. 2021). Eye-tracking on the other hand is said to offer new 

ways for design that will take into account gaze behavior in an unobtrusive manner 

and will be able to inform researchers and designers about perceptions of visual 

aesthetics (Pappas et al. 2020). However, as a new field of research methodology, 

further studies are required to confirm the validity of these approaches. 
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2.4 Use contexts of the measurement instruments 
 

Table 5 describes the GUI elements presented in prior literature. They were 

categorized as they appear, namely as the entire GUI, separate objects (i.e., windows, 

menus and icons) as well as images (i.e., geometric arrangements of different sizes 

and shapes, layout skins), typography or video. Some studies include various element 

types. This has been considered and marked accordingly as seen in Table 5. 

Table 5.  Elements of graphical user interface aesthetics 

 

Type Studies 

Entire GUI Bessghaier et al. (2021); Dou et al. (2019); Gu et al. (2020); Khani et al. (2016); 
Lavie and Tractinsky (2004); Mbenza and Burny (2020); Miniukovich and De 
Angeli (2014a); Miniukovich and De Angeli (2014b); Miniukovich and De Angeli 
(2015a); Miniukovich and De Angeli (2015b); Miniukovich et al. (2018); Moshagen 
and Thielsch (2010); Moshagen and Thielsch (2013); Ngo et al. (2000); Ngo and 
Byrne (2001); Pappas et al. (2020); Park et al. (2004); Reinecke et al. (2013); 
Reinecke and Gajos (2014); Riegler and Holzmann (2018); Sutcliffe (2002); Uribe 
et al. (2017); Wu et al. (2011); Xing et al. (2021); Zen and Vanderdonckt (2014); 
Zen and Vanderdonckt (2016) 

Windows, icons 
and/or menus 

Meier (1988); Jylhä and Hamari (2020); Wu et al. (2016) 

Images Hassenzahl et al. (2003); Hassenzahl (2004); Liu and Yiang (2021); Maity et al. 
(2015); Maity and Bhattacharya (2019); Purchase et al. (2011); Wu et al. (2016) 

Text and 
typography 

Liu and Yiang (2021); Maity et al. (2016); Maity and Bhattacharya (2019); 
Purchase et al. (2011); Wu et al. (2016) 

Video Liu and Yiang (2021) 

As shown here, the majority of prior research evaluated graphical user interfaces as 

an entity. While layouts are to be designed in such a way that different elements work 

seamlessly together, prior literature (Maity et al. 2016; Zen and Vanderdonckt, 2016; 

Xing et al. 2021) suggests that contradictory results in evaluations may be caused by 

analyzing whole user interfaces without considering the content. For example, 

designing buttons is different from defining typefaces (Maity et al. 2016). Layout 

designs vary, which may cause difficulties in generalization (Jylhä and Hamari, 2020). 

This point of GUI aesthetics evaluation is still open for discussion and requires 

further research. 

Table 6 presents the use context in which the measurement instruments have 

been applied. The contexts include desktop (e.g., website, software) and mobile 
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interfaces. In some studies, use context differed from the two main categories, thus 

they were classified as other. Some studies also included multiple contexts, which has 

been considered accordingly in Table 6. 

Table 6.  Use contexts for measuring graphical user interface aesthetics 

 

Context type Interface Studies 

Desktop Website Dou et al. (2019); Gu et al. (2020); Khani et al. (2016); Lavie and 
Tractinsky (2004); Liu and Yiang (2021); Maity et al. (2016); Maity 
and Bhattacharya (2019); Miniukovich and De Angeli (2014a); 
Miniukovich and De Angeli (2015a); Miniukovich and De Angeli 
(2015b); Miniukovich et al. (2018); Moshagen and Thielsch (2010); 
Moshagen and Thielsch (2013); Pappas et al. (2020); Park et al. 
(2004); Purchase et al. (2011); Reinecke et al. (2013); Reinecke and 
Gajos (2014); Sutcliffe (2002); Uribe et al. (2017); Wu et al. (2011); 
Wu et al. (2016); Xing et al. (2021); Zen and Vanderdonckt (2014); 
Zen and Vanderdonckt (2016) 

 Software or 
application 

Mbenza and Burny (2020); Meier (1988); Ngo et al. (2000); Ngo 
and Byrne (2001) 

Mobile  Bessghaier et al. (2021); Jylhä and Hamari (2020); Miniukovich and 
De Angeli (2014b); Miniukovich and De Angeli (2015a); 
Miniukovich and De Angeli (2015b); Riegler and Holzmann (2018) 

Other (i.e., MP3 
layout skins, 
images) 

 Hassenzahl et al. (2003); Hassenzahl (2004); Miniukovich et al. 
(2018) 

Website evaluation is distinctly the most common use context for GUI aesthetics 

assessment in instrument development. Nevertheless, the context types in which the 

measures have been applied are not exclusive, as several studies encourage use the 

suggested measurement models in other GUI contexts as well (e.g., Hassenzahl et 

al. 2003; Hassenzahl 2004; Jylhä and Hamari 2020; Mbenza and Burny 2020; Zen 

and Vanderdonckt 2014; Zen and Vanderdonckt 2016; Xing et al. 2021). Evaluation 

methods for mobile GUI aesthetics are the second most common despite the vast 

difference in numbers compared to website evaluation methods. This is likely to 

change in the future as mobile devices are getting increasingly popular. Users have 

been reported to perceive visual aesthetics similarly in these two contexts 

(Miniukovich & De Angeli 2014b; 2015a), however, there is a lack of research 

concerning further comparison. 
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2.5 Validity of the measurement instruments 

Measurement instruments have been developed, applied and tested by various 

means, but discussion about the suitability of the instruments considering their 

reliability and validity is missing. Therefore, it is of importance to investigate and 

categorize the validity of measurement instruments that have been introduced by 

prior studies.  

In prior research, some evaluation methods have not been validated, i.e., the 

degree to which an instrument measures what it claims to measure (Leedy and 

Ormrod 2004) has not been confirmed. Therefore, non-validated measurement 

instruments were not included in this section as a method is ideally robust and 

reliable. This means that only those studies whose measurement properties (i.e., 

reliability and validity) have been assessed using standardized criteria were chosen 

for this section. Table 7 lists studies according to their validity status, divided first 

into the primary measurement types and further categorized as validated and non-

validated instruments. 

Table 7.  Validated and non-validated instruments 

 

Type Status Studies 

Evaluation 
based on 
graphical 
features 

Validated Bessghaier et al. (2021); Maity et al. (2015); Maity et al. (2016); 
Maity and Bhattacharya (2019); Miniukovich and De Angeli 
(2014a); Miniukovich and De Angeli (2014b); Miniukovich and De 
Angeli (2015a); Miniukovich et al. (2018); Ngo and Byrne (2001); 
Reinecke et al. (2013); Reinecke and Gajos (2014); Uribe et al. 
(2017); Zen and Vanderdonckt (2014); Zen and Vanderdonckt 
(2016) 

 Non-validated Mbenza and Burny (2020); Meier (1988); Miniukovich and De 
Angeli (2015b); Ngo et al. (2000); Riegler and Holzmann (2018); 
Purchase et al. (2011) 

Evaluation 
based on 
human 
perceptions 

Validated Jylhä and Hamari (2020); Lavie and Tractinsky (2004); Moshagen 
and Thielsch (2010); Moshagen and Thielsch (2013); Park et al. 
(2004) 

 Non-validated Hassenzahl et al. (2003); Hassenzahl (2004); Sutcliffe (2002) 

Other (i.e., 
deep learning, 
eye-tracking) 

Validated Dou et al. (2019); Khani et al. (2016); Pappas et al. (2020); Wu et 
al. (2011); Wu et al. (2016); Xing et al. (2021) 

 Non-validated Gu et al. (2020); Liu and Yiang (2021) 
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Overall, most instruments were validated as opposed to non-validated studies. The 

standard means to investigate the accuracy of instruments based on graphical 

features is usually by correlation or regression analyses to fit subjective ratings of 

aesthetics using the measures. Other means include t-tests, interrater reliability and 

interrater agreement. Many of the metric-based approaches are based on the model 

proposed by Ngo et al. (2000). The model was later validated by Ngo and Byrne 

(2001) via multiple regression analyses, reporting high correlations between 

computed aesthetic value and the aesthetics ratings of design experts. These results 

were replicated only to an extent during the development of QUESTIM (Zen and 

Vanderdonckt 2014; 2016), who obtained medium degree of interrater agreement 

and low reliability for calculating symmetry and balance, after which a new formula 

for balance is introduced. The validation of ADDET (Bessghaier et al. 2021) was 

constructed via t-tests on the basis of QUESTIM (Zen and Vanderdonckt 2014; 

2016) and was found to be more effective in estimating aesthetic value. However, 

ADDET is aimed at mobile user interfaces while QUESTIM is directed at all 

platforms. Other metric measures aside from the model by Ngo et al. (2000) and 

Ngo and Byrne (2001) that were validated via regression analyses (Miniukovich and 

De Angeli 2014a; 2014b; 2015a; Reinecke et al. 2013; Reinecke and Gajos 2014; 

Uribe et al. 2017) indicated that the variability of visual aesthetics explained 

approximately 50% of aesthetic preference in GUI evaluation. Additionally, 

interrater reliability (Reinecke et al. 2013; Reinecke and Gajos 2014; Miniukovich and 

De Angeli 2014a; 2014b; 2015a; Miniukovich et al. 2018) and interrater agreement 

(Zen and Vanderdonckt 2016) analyses confirmed high reliability among scores. 

However, Reinecke and Gajos (2014) noted that aesthetic preferences significantly 

differ according to demographic factors. Studies that reported the metrics validity 

via RMSE (Maity et al. 2015; 2016; Maity and Bhattacharya 2019) found that text 

aesthetics could be measured by the score of 0.58 and interface aesthetics by 0.79. 

Although these quantified measures seem to produce relatively high accuracy scores 

in validity results, the configurations of metrics are dispersed, and thus, their 

performance is difficult to predict in different use contexts. Theoretically, it can be 

postulated that because the metrics by Ngo et al. (2000) and Ngo and Byrne (2001) 

have been previously examined by various studies with satisfactory results, it benefits 

the measurement instrument in terms of suitability. Nevertheless, the results have 

not been optimal which indicates that the measure requires further development. 

This applies also for the other metric instruments that have not been as widely used. 

The validity of instruments based on human perceptions is commonly 

investigated by confirmatory factor analysis (CFA) and model fit indices such as Chi 
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square test (χ2), comparative fit index (CFI), root mean square error of 

approximation (RMSEA), and standardized root mean square residual score 

(SRMR). Additionally, average variance extracted (AVE) and composite reliability 

(CR) have been examined. Comparing the validity of the survey-based instruments 

presented in Table 8, VISQUAL (Jylhä and Hamari 2020) reported support for 

discriminant validity, however, convergent validity and composite reliability 

remained open for critique. The Classical and Expressive Aesthetics Scale (Lavie and 

Tractinsky 2004) indicated that reliability tests, factor structure and validity reflect 

the aesthetics scales adequately. VisAWI (Moshagen and Thielsch 2010; Moshagen 

and Thielsch 2013) successfully demonstrated convergence validity but lacked in 

divergent validity. While the scale by Park et al. (2004) was found to have high 

convergent and discriminate validity of the 13 aesthetic dimensions and 30 aesthetic 

adjectives, the study seems somewhat lacking in instructions on how to use the 

measurement instrument. Moreover, the scale includes the most items, which may 

result in a heavy task for participants and a time-consuming process in general. 

Validation is a cumulative, on-going process with multiple methods and samples 

(Spector 1992). Both the Classical and Expressive Aesthetics Scale (Lavie and 

Tractinsky 2004) and VisAWI (Moshagen and Thielsch 2010; Moshagen and 

Thielsch 2013) have been used in future studies, enforcing the reliability and validity 

of the measures. As such, being a novel method, VISQUAL (Jylhä and Hamari 2020) 

is still to be tested further in other contexts. 

Other instruments based on deep learning and eye-tracking are validated by 

observing prediction accuracy and error rates by e.g., cross-validation, the residual 

sum of squares error (RSSE) and the root-mean-square error (RMSE), to determine 

how much the results differ from human perceptions. Two studies (Dou et al. 2019; 

Khani et al. 2016) using the same dataset with different CNN approaches both tested 

square errors, where Dou et al. (2019) reached a lower test error rate, obtaining better 

results. The eye-tracking study by Pappas et al. (2020) used normalized RMSE 

(NRMSE) to measure accuracy prediction, concluding the analysis with high 

accuracy results. RSSE was used by Wu et al. (2011; 2016) to measure regression 

performance, as well as to compare error rates between four other studies, where the 

scores of Wu et al. (2016) were the lowest. Xing et al. (2021) validated their model 

by examining error rates (MSE) of several DCNNs to find that SE-VGG19 was the 

most effective in predicting aesthetic preference. As machine learning is still a 

relatively new phenomenon, the measures are still in their exploration state and 

comparison may be difficult due to different approaches and means of validity 

analyses. Regardless, Dou et al. (2019) denote that their results outperform previous 
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similar methods indicating efficiency for aesthetics evaluation, which shows promise 

for the development of deep learning and aesthetic evaluation in general. 

2.6 Contradictions and gaps in prior research 
 

Perhaps due to the relative novelty of this research topic, contradictions in general 

consensus exists, that leads into identifiable research gaps. This dissertation intends 

to rationalize some of the inconsistencies in prior literature and fill the gaps found 

during the course of the whole of this work. Prior literature (Maity et al., 2015; Maity 

et al., 2016; Zen and Vanderdonckt, 2016) suggests that contradictions in metric-

based evaluation theories aesthetics in GUI research are perhaps caused by analyzing 

user interfaces as entities. This gap with metric-based evaluations means that many 

metric evaluations consider a graphical user interface as a single piece although it 

essentially consists of different elements with specific purposes and designs (Maity 

et al., 2015). Moreover, empirical studies on GUI aesthetics have often relied on 

website layouts or skins as study objects (Hassenzahl, 2004). This can be 

problematic, as measuring perceived attractiveness of layouts or skins does not 

necessarily reveal which elements in the user interface are successful. This is a 

shortcoming of the empirical measurements as inclusion may prevent calculating 

genuine values of user interfaces. Prior study (Vanderdonckt and Gillo, 1994) that 

automated calculation of visual techniques with single interface components found 

that some techniques could be measured, such as physical techniques, while some 

others appeared more challenging to measure, such as photographic techniques. 

Contextual factors surrounding single GUI components are important in affecting 

user perceptions, thus evaluating GUI elements separately may in some cases prove 

challenging. Moreover, the application of principles heavily depends on visual aims, 

use context as well as measurement validity, hence, further comparison between 

measurement instruments is needed in order to provide effective tools for both 

academic and industry use. The publications in this dissertation fill these gaps firstly 

by mapping out, systematically categorizing, and comparing measurement 

instruments by prior literature in order to clarify use contexts of the tools available 

(publication 1). Secondly, the contradiction in evaluating GUIs as entities instead of 

single elements or by using layouts and skins as study material is countered by the 

development and validation of the measurement instrument VISQUAL used to 

assess the aesthetic features of graphical assets as separate or as an entity, by utilizing 

a varied set of GUI icons as study material (publication 2). Thirdly, user perceptions, 
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a major part of attractive graphical user interface design, are observed as an attempt 

to create design guidelines for GUI elements (publication 3) based on VISQUAL, 

further validating the tool. Finally, use context and demographic factors are studied 

(publication 4) to advance the design of graphical user interface aesthetics according 

to target group. 
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3 METHODS AND DATA 

The objectives of the publications in this dissertation were to map out how the visual 

aesthetics of graphical user interfaces can be modelled, evaluated, and assessed; what 

is the dimensional structure of aesthetics perceptions of graphical user interface 

elements; as well as how perceptions of different users predict the attractiveness of 

graphical user interface elements. The methodology therefore builds on an extensive 

research approach that is first described before diving into detail about the methods 

in each publication. An overview of the methodology includes a systematic literature 

review for publication 1, and a large-scale online survey experiment with a 

psychometric instrument (VISQUAL) for publications 2, 3 and 4 that were utilized 

to further investigate the aforementioned research aims. These methods were 

deemed suitable for the studies to ensure validity and generalizability of the results. 

Therefore, the following sections describe the overall approach, review and 

experiment processes, as well as participants, materials, measurements, procedure 

and analysis methods. Parts of this chapter have been previously published in peer-

reviewed journal articles (Jylhä and Hamari 2019, 2020, 2021). 

3.1 Research approach 

The research approach in the whole of this dissertation consists of steps starting 

from broad impressions narrowed down to detailed methods of data collection, 

analyses, and interpretation of the findings. The paradigm was to examine graphical 

user interface aesthetics, their formulation and user impressions, requiring both 

theoretical assessment as well as participant data. Due to the complex nature of the 

research questions, the approach of data collection was countered with two types of 

standardized quantitative methods: a systematic literature review and a large-scale 

online survey experiment. This was to ensure data from multiple sources. Employing 

quantitative methodology requires an understanding of deductive research and 

statistical data analysis that investigates relationships with variables as well as 

descriptive values (Trochim, 2000). Several measures for data analysis were used in 

the publications, and they are outlined in the sections following the detailed 
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introductions of each approach. Quantitative research was chosen as the approach 

for the publications in this dissertation as it can be deemed objective in nature 

compared with qualitative methods. However, choosing one approach over the 

other has been limits the scope of the study (Creswell and Clark, 2011). This has 

been noted as one of the limitations of this dissertation. Future research is invited to 

study the topics presented in the publications of this dissertation with qualitative 

methods in order to add to the findings from a more subjective perspective.  

The research was conducted in accordance with all relevant ethical guidelines of 

the Finnish Advisory Board of Research Integrity TENK (Kohonen et al., 2019). All 

respondents participated in the study voluntarily. Participants received information 

on the study objective, practical steps, processing of personal data, and their rights 

to discontinue participation or withdraw their consent to participate at any time with 

no negative consequences. Personal data gathered during the research was processed 

following the requirements of General Data Protection Regulation GDPR (Voigt 

and Von dem Bussche, 2017) and analyzed without personal information. Access to 

research data was limited to the researchers and the personal data was removed from 

the research data as soon as it was not needed for research purposes. 

3.2 Literature review 

The literature review in publication 1 followed a summarization of knowledge 

protocol (Paré et al., 2015) that includes narrative, descriptive and scoping reviews 

that aim to map and describe a body of literature. In order to organize the literature 

by publications and concepts, a concept-centric coding strategy (Webster and 

Watson, 2002) was adopted to describe the corpus quantitatively. As such, the review 

process was divided in the following stages: 1) explorative literature search to map 

relevant keywords, 2) systematic literature search, 3) inclusion and exclusion 

procedures, 4) backward search, 5) forward search, 6) concept-centric coding and 

analysis of literature, and 7) reporting of findings.  

Based on the keyword mapping, the search string contained three main keywords 

with related terms: graphical user interface (e.g., GUI, user interface), aesthetics (e.g., 

aesthetic, appearance, beauty), and method (e.g., measurement, metric, survey, 

evaluation, assessment). Thus, the following search string was used in this study: 
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( ( TITLE-ABS-KEY ( gui  OR  "graphical interface"  OR  "user interface"  OR  ui )  
AND  TITLE-ABS-KEY ( aesthetic*  OR  appearance*  OR  beauty  OR  beautiful  
OR  attractive* )  AND  TITLE-ABS-KEY ( measure*  OR  method*  OR  assess*  
OR  evaluat*  OR  metric*  OR  questionn*  OR  survey  OR  scale*  OR  framework*  
OR  instrument*  OR  heuristic*  OR  guid* ) ) )  AND  ( EXCLUDE ( SUBJAREA 
,  "ENGI" )  OR  EXCLUDE ( SUBJAREA ,  "PHYS" )  OR  EXCLUDE ( 
SUBJAREA ,  "MATH" )  OR  EXCLUDE ( SUBJAREA ,  "MEDI" )  OR  
EXCLUDE  ( SUBJAREA ,  "EART" )  OR  EXCLUDE ( SUBJAREA ,  "BIOC" )  
OR  EXCLUDE ( SUBJAREA ,  "AGRI" )  OR  EXCLUDE ( SUBJAREA ,  
"ENER" )  OR  EXCLUDE ( SUBJAREA ,  "CHEM" )  OR  EXCLUDE ( 
SUBJAREA ,  "CENG" )  OR  EXCLUDE ( SUBJAREA ,  "ENVI" )  OR  
EXCLUDE ( SUBJAREA ,  "MATE" )  OR  EXCLUDE ( SUBJAREA ,  "PHAR" 
)  OR  EXCLUDE ( SUBJAREA ,  "HEAL" )  OR  EXCLUDE ( SUBJAREA ,  
"NURS" )  OR  EXCLUDE ( SUBJAREA ,  "DENT" )  OR  EXCLUDE ( 
SUBJAREA ,  "VETE" )  OR  EXCLUDE ( SUBJAREA ,  "IMMU" ) )  AND  ( 
EXCLUDE ( DOCTYPE ,  "cr" )  OR  EXCLUDE ( DOCTYPE ,  "no" )  OR  
EXCLUDE ( DOCTYPE ,  "re" )  OR  EXCLUDE ( DOCTYPE ,  "bk" ) ). 

Scopus was selected as the search engine due to its large coverage of peer-reviewed 

literature in relevant fields. The initial search was performed in August 2021, and it 

yielded 786 results in total. The literature search process is shown in Figure 2. 

Figure 2.  Literature search process and outcomes 
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The studies were screened according to the following selection criteria to make the 

results more precise: 1) studies written in English, 2) non-duplicate studies (i.e., with 

the same DOI), 3) studies available for download, and 4) studies that propose, 

analyze, and/or apply measurement methods for the visual aesthetics of graphical 

user interfaces. Once applied in the retrieved studies, only 19 of them met the 

selection criteria. Following the backward snowballing process to identify additional 

work, 5 relevant papers were found. Forward references revealed 12 more. This 

resulted in a total of 36 manuscripts. 

An obviously large number of studies was excluded due to being labelled as 

irrelevant. As the terms in the search string are commonly in use in other fields such 

as physics, medical science and engineering, the aim was to limit the search by subject 

area in the query while maximizing the inclusion of prior scattered measures. Thus, 

the query was challenging to construct as more exclusive. The coding process 

therefore entailed careful manual labor to rule out publications that were out of the 

scope of publication 1. Additionally, some studies were encountered that were in the 

field of HCI and presented theories or tools for user interfaces, being relevant in that 

sense. However, further investigation revealed that the instruments were targeted 

towards usability with aesthetics being only a minimal or nonexistent part of the 

study (e.g., Alemerien and Magel, 2015; Yang and Klemmer, 2009). 

3.3 Online survey and vignette experiment 

An online survey was selected as the data collection method for publications 2, 3 and 

4, as it enabled a large-scale examination of user perceptions on visual qualities of 

graphical user interface elements, as well as measurement validity and reliability. The 

study setting was a within-subjects vignette experiment. Participants were assigned 

to evaluate 4 randomized icons from a total of pre-selected 68 game app icons across 

4 categories (concrete, abstract, character and text) in a hypothetical situation setting 

instead of a description more typical to vignette studies. A link to the online 

experiment was advertised in Facebook groups and Finnish student 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. Two participants were raffled to receive a prize (Polar 

Loop 2 Activity Tracker). No other participation fees were paid. Participants were 

informed the purpose of the study and assured that they will remain anonymous 

during the experiment and data analysis.  
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3.3.1 Participants 

A nonprobability convenience sample was composed initially of 569 respondents 

who each assessed 4 game app icons through a survey-based randomized within-

subjects vignette experiment, resulting in 2276 icon evaluations. A within-subjects 

approach was chosen as opposed to between-subjects approach in order to expose 

each participant to all conditions (i.e., 4 icon evaluations by category) of the 

experiment. This dataset was used in full for publications 2 and 3. For publication 4 

on demographics, 15 responses without identifiable gender were removed due to 

insufficient representation. Additionally, 41 responses from older age groups were 

identified as outliers and removed, resulting in a total of 513 respondents. Please 

refer to Table 8 for full demographic details of participants. 

Table 8.  Demographic information 

 
  n % 

Age –20 60 10.54 

43.76 

25.48 

7.91 

6.50 

2.81 

1.23 

0.88 

0.53 

0.35 

(SD = 7.24) 21–25  249 

(Mean = 26.90) 26–30 145 

(Median = 25.00) 31–35 45 

 36–40 37 

 41–45 16 

 46–50 7 

 51–55 5 

 56–60 3 

 60– 2 

Education Less than high school 5 .9 

23.7 

16.7 

39.9 

17.2 

1.6 

 High school 135 

 College 95 

 Bachelor's degree 227 

 Master's degree 98 

 Higher than master's 
degree 

9 

Employment Working full-time 133 23.4 

10.9 

61.7 

1.9 

.2 

 Working part-time 62 

 Student 351 

 Unemployed 11 

 Retired 1 

Gender Male 297 52.2 

45.2 

2.6 

 Female 257 

 Other 15 

Yearly income Less than $19,999 330 58.0 
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 $20,000 to $39,999 105 18.5 

 $40,000 to $59,999 57 10.0 

 $60,000 to $79,999 25 4.4 

 $80,000 to $99,999 13 2.3 

 $100,000 to $119,999 14 2.5 

 $120,000 to $139,999 10 1.8 

 $140,000 or more 15 2.6 

 

The majority of the participants was from Finland (92.8%). Only slightly more than 

half of the sample body was 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%). 

3.3.2 Materials 

Sixty-eight game app icons from Google Play Store were selected for the study. The 

decision to narrow down the sample to game app icons was made to eliminate 

further variability that might stem from the nature of the app and thus increase 

internal validity of the experiment, but also external validity in terms of results 

applied to the game icons. In order to avoid any systematic bias, 4 icons 

corresponding to dominant icon styles (concrete, abstract, character and text) were 

selected from each of 17 categories for game apps (action, adventure, arcade, board, 

card, casino, casual, educational, music, puzzle, racing, role playing, simulation, 

sports, strategy, trivia and word). Because icon design for app stores is category-

dependent (Shu and Lin, 2014), we considered it justified to include icons from all 

categories. Prior literature highlights the relevance of concreteness and abstractness 

in icon design (e.g., Arend et al., 1987; Blankenberger and Hahn, 1991; Dewar, 1999; 

Hou and Ho, 2013; Isherwood et al., 2007; McDougall and Reppa, 2008; McDougall 

et al., 1999; McDougall et al., 2000; Moyes and Jordan, 1993; Rogers and Oborne, 

1987), hence they were included in this experiment. Looking at the icons on app 

stores, characters and typography are prevalent elements usually seen on app icons. 

It has been argued that faces on app icons are widely used because of the immediate 

impact and memorability they have due to neural processing of facial expressions 

(Chartboost, 2015). Furthermore, as the study design is based on prior research 

(Shaikh, 2009) on onscreen typeface and usage, text elements were included. During 

the selection phase we ensured that one icon from each category was dominantly 

characteristic of one of these 4 attributes. Please refer to Table 9 for the icons. 
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Table 9.  Icons used in the experiment 
 

Category Concrete Abstract Character Text 

Action 

   

 

Adventure 

   

 

Arcade 

   

 

Board 

   

 

Card 

   

 

Casino 

   

 

Casual 

  
 

 

Educational 

   

 

Music 

   

 

Puzzle 

 
  

 

Racing 

   

 

Role Playing 

  
 

 

Simulation 
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Sports 

   

 

Strategy 

   

 

Trivia 

   

 

Word   

 

 

 

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 

experiment were chosen during December 2016, the acceptable publishing date for 

the apps was determined to range from December 3rd to 17th 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. 

Moreover, the goal was to have as visually rich a sample of icons as possible, meaning 

that several different computer graphic techniques were included, such as 2D and 

3D rendered images. 

3.3.3 Measurements 

Semantic differential scale was used to measure respondent evaluations of aesthetic 

aspects of the icons. A total of 22 adjective pairs was formulated and assigned to 

each icon. The polarity of the adjective pairs was reversed 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.  

All of the adjective pairs were chosen according to prior research (Shaikh, 2009) 

on onscreen typeface design and usage. Additionally, adjectives related to icons were 

added as suggested per previous literature on effective icon design. These adjectives 

include concrete and abstract (Arend et al., 1987; Blankenberger and Hahn, 1991; Dewar, 

1999; Hou and Ho, 2013; Isherwood et al., 2007; McDougall and Reppa, 2008; 

McDougall et al., 1999; McDougall et al., 2000; Moyes and Jordan, 1993; Rogers and 

Oborne, 1987), simple and complex (Choi and Lee, 2012; Goonetilleke et al., 2001; 
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McDougall and Reppa, 2008; McDougall and Reppa, 2013; McDougall 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 were added to specifically measure the aesthetic 

properties of the icons include professional and unprofessional, colorful and colorless, realistic 

and unrealistic as well as two-dimensional and three-dimensional (Jylhä and Hamari, 2019).  

Developed further into a five-factor model entitled VISQUAL (Jylhä and 

Hamari, 2020), an instrument for measuring visual qualities of graphical user 

interface elements, the scale was used to observe underlying latent constructs in this 

study. VISQUAL consists of the aforementioned adjective pairs that were further 

divided into the following dimensions: Excellence/Inferiority, Graciousness/Harshness, 

Idleness/Liveliness, Normalness/Bizarreness and Complexity/Simplicity. Table 10 lists the 

VISQUAL constructs and adjective pairs. 

Table 10.  Constructs, means and standard deviations (adjusted items bolded) 

 
Factor Adjective pair Mean Std. 

Excellence/ Good–Bad 4.34 1.641 

Inferiority Professional–Unprofessional 4.22 1.736 

 Beautiful–Ugly 4.57 1.618 

 Expensive–Cheap 4.83 1.563 

 Strong–Weak 3.93 1.464 

Graciousness/ Soft–Hard  3.81 1.545 

Harshness Relaxed–Stiff 4.47 1.560 

 Masculine–Feminine 4.34 1.388 

 Delicate–Rugged 4.42 1.368 

 Happy–Sad 3.80 1.507 

 Colorful–Colorless 3.77 1.810 

 Warm–Cool  3.97 1.436 

Idleness/ Fast–Slow 3.87 1.576 

Liveliness Quiet–Loud 4.12 1.601 

 Exciting–Calm 3.96 1.452 

 Active–Passive 3.97 1.708 

 Young–Old 3.98 1.611 

Normalness/ Concrete–Abstract 4.03 1.998 

Bizarreness Realistic–Unrealistic 4.22 1.592 

 Ordinary–Unique  4.60 1.651 

Complexity/ Simple–Complex 4.69 1.669 

Simplicity Three-dimensional–Two-dimensional 3.33 1.863 
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Two versions of the model exist, the initial model with 22 adjective pairs and an 

adjusted model of 15 adjective pairs. In Table 10, the bolded adjective pairs represent 

those included in the adjusted model of 15 adjective pairs. Table 10 also presents an 

overview of the means and standard deviations. There were no outlier values and 

the range between the lowest and highest scores clustered closely to the average even 

though the 68 icons were quite different from each other. All the mean scores were 

between 3.5 and 4.5 for each evaluation. This indicates little skewness in the data. 

Additional to the semantic scales, a seven-point Likert scale was utilized to 

measure the degree of disagree-agreement of the respondents with respect to the 

likelihood of them clicking, downloading, and purchasing the imagined app behind 

the icon with an instruction title: “Overall evaluation (judging by the icon alone)” 

followed by questions: “Compared to the mobile game icons I usually click, I would 

click this icon”, “Compared to the icons of mobile games I usually download, I 

would click this icon” and “Compared to the icons of mobile games I usually 

purchase, I would click this icon.” Respondents were provided the following options 

on the seven-point scale: “Strongly disagree”, “Disagree”, “Somewhat disagree”, 

“Neither agree nor disagree”, “Somewhat agree”, “Agree” and “Strongly agree”. 

Moreover, respondents were asked to give an overall evaluation score for the design 

of each icon by grading them on a seven-point scale to further assess consumer 

perceptions of icon successfulness. 

3.3.4 Procedure 

The data was collected through a randomized survey-based online vignette 

experiment. Respondents were provided the purpose of the study after which they 

were guided to fill out the survey. The survey consisted of three or four parts 

depending on the choice of response. The first 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 specific 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 smartphone in the first part, they were assigned 

directly to the third part.  
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In the third part, the respondent evaluated app icons using semantic differential 

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, 

the closer you choose to the left or right adjective, the better you think it fits to the 

adjective. If you choose the middle space, you think both adjectives fit 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 attributes (abstract, 

concrete, character and text). After the semantic scales, the participant 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. Last, demographic information (age, gender, etc.) was asked.  

The survey took about 10 minutes to complete. The survey was implemented via 

Surveygizmo, an online survey tool. All content was in English. The data was 

analyzed with IBM SPSS Statistics and Amos version 24 as well as Microsoft Office 

Excel 2016. 

3.4 Analyses 

3.4.1 Structural equation modelling 

As the aim of publication 2 was to assess the latent psychometric properties of the 

measurement instrument VISQUAL, which was also used to collect data for 

publications 3 and 4 respectively, covariance-based structural equation modelling 

(CB-SEM) was utilized. SEM was deemed suitable for this purpose, as it is intended 

for investigating models consisting of complex relationships between multiple latent 

variables. SEM is a valid method especially in cases where the objective is to perform 

theory testing combining factor analyses and multiple linear regression (Hair et al., 

2016) followed by validity calculations to produce a consolidated scale.  
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3.4.2 Exploratory and confirmatory factor analysis 

As a part of SEM, exploratory factor analysis (EFA) and confirmatory factor analyses 

(CFA) were performed to develop and validate the measurement instrument 

VISQUAL. First, EFA with Varimax rotation and Kaiser normalization was 

performed to explore factor structures of the 22 adjective pairs listed previously in 

Table 4. There were no initial expectations regarding the number of factors. Principal 

component analysis (PCA) was used as extraction method to maximize the variance 

extracted. The analysis revealed 5 dimensions introduced previously in Table 4. 

CFA was then performed in two consecutive stages including the initial model 

with 22 adjective pairs as well as with an adjusted model of 15 adjective pairs to test 

whether the proposed theory could be applied to similar latent constructs. CFA 

consists of model fit tests as well as validity and reliability analysis. For this purpose, 

as per recommendation by prior literature (Kline 2011), model fit was examined by 

the chi square test (χ2), comparative fit index (CFI), root mean square error of 

approximation (RMSEA), and standardized root mean square residual score 

(SRMR). The chi square test shows good fit for the data if the p value is > .05. 

However, for models with sample size of more than 200 cases, the chi square is 

almost always statistically significant 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 than .10 (Kenny, 

2020).  

Following the model fit tests, the scale was examined for validity and reliability 

by standardized measures, namely Cronbach’s alpha, average variance extracted 

(AVE) and composite reliability (CR). Prior literature suggests 0.7 as the typical cut-

off level for acceptable values for Cronbach’s alpha (Nunnally and Bernstein 1994). 

Convergent validity is determined by AVE that is greater than .5, and composite 

reliability is attained by values greater than .7 (Hair et al., 2016). In terms of 

discriminant validity, the maximum shared variance (MSV) should be less than the 

AVE, and the square root of the AVE of each construct should be larger than any 

correlation between the same construct and all the other constructs (Fornell and 

Larcker 1981).  

The initial model fit tests as well as validity and reliability analyses showed that 

the instrument was not an optimally fitting measurement model, with additional 

problems relating to unacceptable item loadings in the CFA (standardized weights). 

Loadings should fall between .32 and 1.00 (Matsunaga 2010; Tabachnick and Fidell 
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2007), which indicated the need for post-hoc adjustments. After the removal of 

poorly behaved reflective indicators as recommended by prior literature (Brown 

2015; MacKenzie et al. 2011), the overall model fit improved. Furthermore, 

examining strong modification indices (MI = 3.84) and covarying items accordingly 

(MacKenzie et al. 2011) proved beneficial in balancing unacceptable loadings in the 

model. By addressing issues associated with the problematic factors, low scores 

related to model fit as well as validity and reliability were significantly improved. 

3.4.3 Regression analysis 

Multiple linear regression analysis (MLRA) was used in publication 3 and 4 to predict 

the outcome of the variables. Prior to the analyses, multicollinearity tests were 

performed with variance inflation factors (VIF). No critical levels of multicollinearity 

were found between the variables. In publication 3, MLRAs were performed to 

examine the relationships between user perceptions of GUI elements (i.e., game app 

icons) represented by the 22 individual adjective pairs and four variables related to 

icon success (1. overall evaluation of the icon, 2. willingness to click the icon, 3. 

willingness to download the imagined app and, 4. willingness to purchase the 

imagined app). In publication 4, MLRA was carried out to observe the effects of age, 

gender and times browsing app stores (per week) relating to perceptions of GUI 

element (i.e., game app icon) aesthetics. MLRA was also utilized to investigate the 

interaction terms of these independent variables, namely age x gender, age x time, 

gender x time and age x gender x time. The analyses were performed with the 

VISQUAL models as well as the 22 individual adjective pairs. The independent 

variables age and time were centered prior to the analyses (Aiken and West, 1991), 

and the interaction terms were created from the prior centered variables. 
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4 RESULTS 

In order to fill the gaps identified by this research, and to discover findings as well 

as avenues for further research, four studies with various methodologies and a large 

dataset were carried out. Here, the results of these studies are presented by each 

publication. The findings of publication 1, a literature review, introduce the state-of-

the-art of prior instruments evaluating visual aesthetics of graphical user interfaces. 

The results of publication 2 map out how VISQUAL, a psychometric instrument for 

measuring graphical user interface aesthetics, was composed and validated with 

further analyses. Furthermore, this section of results includes a guideline on how to 

use the instrument in future studies. Publication 3 investigated the key elements to 

successful graphical user interface graphics by user perception, measured by user 

evaluation and willingness to interact with the graphic. The findings underline overall 

high quality of the graphics with an illustrative example of icon material in the study 

with the highest score in user evaluations (Table 6). Publication 4 observed how 

demographic factors affect user perception of GUI aesthetics. The findings show 

what kinds of aesthetic perceptions graphical user interface elements should be 

brought to evoke, considering different target groups. Parts of this chapter have been 

previously published in peer-reviewed journal articles (Jylhä and Hamari 2019, 2020, 

2021). 

4.1 Publication 1 

In publication 1, a systematic literature review was conducted to map out the state-

of-the-art of instruments evaluating visual aesthetics of graphical user interfaces, i.e., 

how visual aesthetics of graphical user interfaces can be modelled, evaluated, and 

assessed. As presented in Figure 3, the review revealed an increase in relevant 

research. From 1988 to 2000 only one relevant study was published, whereas during 

the recent years of 2020–2021, eight articles on the topic have been published. A 

natural cause to this is the growing popularity of graphical user interfaces in our 

everyday lives. However, even then the field remains relatively untouched. 
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Figure 3.  Articles published by year 

Out of the 36 articles included in the review, most of the literature (55.6%) focused 

on predicting aesthetics of graphical user interfaces by geometry-related and image-

related aspects in order to avoid human involvement in the process, e.g., balance, 

equilibrium, and symmetry. In addition to instruments that evaluate graphical assets 

by their features, aesthetic value of graphical user interfaces was measured by 

approaches by human perceptions (22.2%) with several different dimensions relating 

to e.g., quality, simplicity and aesthetic value. Recently, other methods (19.4%) have 

started to appear, that combine metrics and perceptions, and apply novel 

technologies, such as deep learning and eye-tracking. The majority of the approaches 

evaluate GUIs as a whole instead of separate GUI elements, and the context where 

the methods are developed is most commonly website evaluation. Overall, most of 

the studies (72.2.%) were validated as opposed to non-validated studies. Regardless, 

the instruments remain scarce and scattered, which hinders cross-comparison and 

recommendation of methods to use in different contexts. Therefore, the extensive 

research agenda of publication 1 that explores multiple characteristics simultaneously 

with a wide perspective on the development of measurement instruments for 

graphical user interface aesthetics aimed to identify and bring light into these topical 

concepts. The results significantly narrow the gap in the current body of literature, 

however, more research is needed in order to accurately assign methods for various 

uses. 

4.2 Publication 2 

In the course of the research conducted and described in publication 2, the 

measurement instrument VISQUAL was developed, validated, and consequently 
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presented for perceptions of visual qualities of graphical user interfaces and/or 

singular interface elements that can be used in multiple ways in several contexts 

related to HCI, user interfaces, and their adaptation. The research is topical especially 

in the discourse of mobile platforms and the extremely competitive app markets, 

where visual design is considered one of the key factors of product success. 

The instrument was developed in three consecutive stages. The initial 

measurement model of 22 items formed a five-factor structure in the EFA in the 

first stage of the development process. The factors were named to correspond 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 the second stage of development exposed concerns in the 

model, which were countered by item removal in the third stage. The adjusted model 

retained 15 (68%) items of the initial 22. This resulted in better validity and reliability 

producing more robust factors, thereby theoretically justifying this choice. 

During the third stage, modification 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 modification indices, namely 

professional–unprofessional 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 different ways, i.e., in general and 

specific terms. There is an ongoing discussion whether post-hoc correlations based 

on modification indices should be made. A key principle is that a constrained 

parameter should be allowed to correlate freely only with empirical, conceptual or 

practical justification (e.g., Brown, 2015; Hermida, 2015; Kaplan, 1990; MacCallum, 

1986). Examining modification 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 fit 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 similarly to the χ2 value and 

standardized residuals, modification indices are sensitive to sample size (Brown, 

2015). When the sample size is large (more than 200 cases), modification indices can 

be considered in determining re-specification (Kaplan, 1990). VISQUAL was 

evaluated using data from 2276 icon evaluations, which causes inflation to the 

aforementioned values. 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. 
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Publication 2 was a first-time evaluation and validation study for the 

measurement instrument VISQUAL. The instrument was developed for aiding 

research and design of aesthetically pleasing interface elements, which has been 

lacking in the field 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 fit indices 

were merely at acceptable level. In addition, convergent validity and composite 

reliability remain open for critique. This is perhaps an expected feature for 

instruments that are based on subjective perceptions rather than more specific 

psychological traits. While aesthetic perception is subjective, 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 as well as the 

adjusted model as presented in Table 11 is recommended in further assessment of 

the instrument. This means that all items marked ‘Yes’ should be used, however, we 

also recommend including the ‘Optional’ items when administering VISQUAL. 

Table 11.  Items in VISQUAL 

 
Factor Adjective pair Included in the final VISQUAL 
Excellence/ Good–Bad Yes 

Yes 
Yes 
Yes 

Optional 

Inferiority Professional–Unprofessional 
 Beautiful–Ugly 
 Expensive–Cheap 
 Strong–Weak 
Graciousness/ Soft–Hard  Optional 

Yes 
Optional 
Optional 

Yes 
Yes 

Optional 

Harshness Relaxed–Stiff 
 Feminine–Masculine 
 Delicate–Rugged 
 Happy–Sad 
 Colorful–Colorless 
 Warm–Cool  
Idleness/ Slow–Fast Yes 

Yes 
Yes 
Yes 

Optional 

Liveliness Quiet–Loud 
 Calm–Exciting 
 Passive–Active 
 Old–Young 
Normalness/ Concrete–Abstract Yes 
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Bizarreness Realistic–Unrealistic Yes 
Optional  Ordinary–Unique  

Complexity/ Complex–Simple Yes 
Yes Simplicity Three-dimensional–Two-

dimensional 

4.3 Publication 3 

The objective of publication 3 was to observe how people’s aesthetic perceptions of 

GUI elements (i.e., game app icons) affect people’s willingness to interact with those 

elements, measured by 1) overall evaluation of the icon, 2) willingness to click the 

icon, 3) willingness to download the imagined app and, 4) willingness to purchase 

the app. The following results are based on qualitative assessment of the mean scores 

of different adjectives in icon ratings. The results can be applied to discussing best 

practices related to any graphical user interface elements, but naturally with caution 

as the external validity diminishes the more general the context in which the 

knowledge from the results is applied in. 

First and foremost, the results unsurprisingly suggest that to increase consumer 

interaction in terms of app icon successfulness (i.e., overall evaluation, willingness to 

click an icon as well as download and purchase the imagined app behind the icon), 

the app icon should be perceived as high quality as indicated by the results where the 

following perceptions predicted app icon successfulness across the board: beautiful, 

good, professional, and expensive. All these adjectives can be associated with general high 

quality. If cursively investigating the icons that score high on these perceptions, they 

seem to share some of the following features: transparent parts on the outer layers, 

color gradients, shading and highlighting as well as high graphical fidelity. 

Separately from perceptions related to high quality, uniqueness was another strong 

predictor of icon successfulness. Therefore, a successful app icon should be unique 

and memorable to stand out from the app store masses where there is a lot of icon 

material. If cursively investigating the icons that score high or low on the 

uniqueness–ordinariness continuum, they seem to share some of the following 

features: 1) icons rated as unique more commonly featured asymmetric and abstract 

shapes, use of various ends of the color spectrum as well as elements rarely 

encountered in daily life (e.g., a voodoo doll); 2) icons rated as ordinary broadly 

portrayed concrete, static shapes as well as objects typical to daily life (e.g., a house 

or a book). 
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Beyond all perceptions that predicted all other factors of icon successfulness, 

sadness and fastness weakly predicted willingness to purchase the imagined app behind 

the icon. If cursively investigating the icons that score high on these factors, they 

seem to share some of the following features: 1) icons rated as sad were generally 

dominated by a desaturated or dark color palette (e.g., shades of grey or pure black), 

and they depicted elements that can be perceived as unpleasant; 2) icons rated as fast 

illustrated actions or objects that are typically associated with being rapid (e.g., a 

motorcycle or an airplane). A related observation is that icons with high scores of 

perceptions for things that are generally regarded as positive do not necessarily lead 

to higher icon successfulness. The indication that sadness predicts the willingness to 

purchase an app behind the icon is one example of this. Moreover, high overall 

evaluation score does not automatically lead to a high score in the willingness to click 

the icon, nor in the willingness to download or purchase the imagined app. Thus, it 

can be argued that app icons should incorporate more than one of the 

aforementioned implications in order to enhance the likelihood to consumer 

interaction.  

Purely as illustrative examples, Table 12 introduces icons with the highest scores 

in overall evaluation of the icon design, the willingness to click the icon, as well as 

the willingness to download and purchase the imagined app. However, we wish to 

note that publication 3 did not investigate the relationship between icon features and 

successfulness per se. Therefore, any relationship between icon feature and success 

should be regarded as background data augmenting the focus of the study that was 

on the relationship between perception and successfulness. 

Table 12.  Top 6 icons with highest score (1 = lowest and 7 = highest) 
 

 Overall evaluation Willingness to click Willingness to download Willingness to purchase 

# Icon Mean Icon Mean Icon Mean Icon Mean 

1 

 

4.77 

 
4.22 

 

4.00 

 

3.68 

2 

 

4.52 

 

4.21 

 
3.95 

 
3.63 

3 

 
4.51 

 

4.19 

 

3.85 

 

3.58 
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4 

 

4.50 

 

4.09 

 

3.81 

 

3.50 

5 
 

4.31 

 
4.05 

 

3.77 

 

3.48 

6 

 

4.24 

 

3.98 

 

3.77 

 

3.40 

 

4.4 Publication 4 

In the context of graphical user interface aesthetics, demographic factors have 

received minimal attention regardless of their relevance in design and development. 

Appealing graphical elements that cater to user needs are considered progressively 

important, as the way a graphic is visually represented can greatly contribute to the 

interaction. However, aesthetic perceptions are subjective and may differ by target 

group. Understanding variations in user perceptions may aid in design processes, 

therefore, demographic effects of age, gender and time using graphical user 

interfaces (i.e., app stores) relating to perceptions of GUI element (i.e., game app icon) 

aesthetics were investigated in publication 4.  

The results indicate that, overall, demographic factors have relatively little effect 

on how icons are perceived. Nevertheless, these findings inform what kinds of 

aesthetic perceptions graphical user interface elements should be brought to evoke. 

This knowledge can then be adapted in establishing segmentation models for the 

design of adaptive user interfaces. 

The findings show that younger users in general, as well as older women, tend to 

be more critical towards icon aesthetics. Thus, in order to visually appeal to the tastes 

of younger audiences and women, focusing on creating high quality designs (i.e., high 

graphical fidelity) is recommended, as the hedonic aspects need to be catered to across 

these demographic factors. Expectedly, time affects perceptions in that novice users 

perceived icons as more excellent than experienced users. Therefore, in order to 

visually appeal to more experienced users, designers may have to put in more effort 

and creativity. Overall, gender differences among younger users seem to be 

minimizing and therefore gender-neutral options could be considered in future 

design processes. However, the perceptions of icons change especially for younger 
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women in that icons are seen as more concrete and exciting over time. Hence, 

practitioners could benefit from integrating young female users to interfaces at an 

early stage to increase the aforementioned effects. 

4.5 Overview of the results 
 

The overarching objective in this dissertation was to investigate how the visual 

aesthetics of graphical user interfaces can be modelled, evaluated, and assessed. For this 

purpose, the paradigm was divided into the following research questions: 

 

RQ1: What is the current state-of-the-art in the literature of measurement 

instruments of visual aesthetics for graphical user interfaces? 

 

RQ2:  What are the psychometric properties of VISQUAL, and what dimensions 

of aesthetic perception emerge (in the context of GUI elements)? 

 

RQ3: How do perceived visual aesthetics predict the attractiveness of graphical 

user interface elements? 

 

RQ4: Do demographic factors affect aesthetic perceptions of graphical user 

interface elements? 

As described in the results for each publication, the separate research questions have 

been adequately answered. The results collected through the literature review 

(publication 1) clarify the current scattered measurement instruments by 

summarizing the measurement instruments by prior literature. The findings from the 

online survey and vignette experiment (publications 2, 3, and 4) produced a detailed 

description of the development of the measurement instrument VISQUAL, its 

psychometric properties and dimensions of aesthetic perception; surveying user 

perceptions in evaluations and willingness of interaction, perceived visual aesthetics 

were found to predict the attractiveness of GUI elements and a set of design 

guidelines were created based on the observations; and it was found that 

demographic factors minimally affect aesthetic perceptions, however, target groups 

are to be considered in design.   

Overall, the studies presented here indicate that visual aesthetics, albeit subjective, 

follow tendencies and guidelines that are discoverable by a set of measurement 
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instruments and user perceptions. Furthermore, despite the complexity of modelling 

and evaluating the attractiveness of graphical user interfaces and elements, the tool 

developed in publication 2 (VISQUAL) succeeded in assessment, which is a major 

addition to the larger paradigm of the possibilities of design research. Considering 

this overview, the findings of the publications in this dissertation cover the 

overarching research objective to a satisfactory degree. The results have indeed 

paved the way for deeper investigation of modelling, evaluating, and assessing 

graphical user interface aesthetics. Distinct contributions include the implications on 

measurement instrument categorization enabling comparison and context-

dependency of available tools for assessing the attractiveness of GUI elements 

(publication 1), a measurement instrument that was developed and validated in the 

course of this research (publication 2), as well as the collection of a large-scale dataset 

of user perceptions and the processing of this data into 1) confirming that aesthetics 

is an imperative part of general GUI satisfaction; 2) GUI element attractiveness can 

be predicted, and; 3) design guidelines can be modelled based on these analyses. 

However, the full potential of assessing and generating graphical user interface 

aesthetics is yet to be seized, which is discussed in the following. 
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5 DISCUSSION 

This dissertation aimed to shed light on how the visual aesthetics of graphical user interfaces 

can be modelled, evaluated, and assessed, with particular focus on creating an overview of 

the field, while also examining user perceptions and emerging dimensions of 

aesthetics. Four publications were introduced as part of the dissertation in order to 

answer the research questions outlined in the introduction. As a summary, 

publication 1 described a systematic mapping of the state-of-the-art in the literature 

of measurement instruments of visual aesthetics for graphical user interfaces. 

Publication 2 continued in a similar thematic setting, observing what aesthetic 

features appear together in graphical icons, and consequently developing a 

psychometric scale that measures graphical user interface elements via individual 

user perceptions. Publication 3 then examined these user perceptions in order to 

find out how perceived visual aesthetics predict the attractiveness of graphical user 

interface elements. Finally, publication 4 examined demographic factors and their 

effects on aesthetic perceptions of graphical user interface elements. 

Publication 1 succeeded in providing valuable information on the measurement 

instruments, their nature, similarities, and differences. In particular, a steady increase 

was found in evaluation methods that aim for assessment without human 

involvement, processing aesthetics by metrics and algorithms. Further, it was 

revealed that although validated instruments exist, they are scarce and scattered, 

which hinders cross-comparison. The extensive research agenda explored multiple 

characteristics simultaneously with a wide perspective on the development of 

measurement instruments for graphical user interface aesthetics. 

Publication 2 presented a first-time evaluation and validation study for 

VISQUAL. The instrument was developed in the pursuit of aiding research and 

design of attractive interface elements, which has been lacking in the field of HCI. 

In this era of attention economy and everyday technology, 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 fit indices were nearer to 

acceptable than good. In addition, convergent validity and composite reliability 

remain open for critique. This is perhaps an expected feature for instruments that 
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are based on subjective perceptions rather than more specific psychological traits. 

While aesthetic perception is subjective, this 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. 

Publication 3 explored how user perceptions affect GUI element effectiveness 

from an aesthetic perspective, located in the domain of mobile game apps. The 

findings showed evidence of consensus that proves an empirical relationship on user 

perceptions and GUI element effectiveness. Revealing this phenomenon is a 

building block that has a potential for further theoretical implications around the 

topic. As such, publication 3 has laid the groundwork for future research that aims 

to understand user perceptions of GUI elements, and especially game app icons in 

graphical user interfaces and online storefronts. 

Publication 4 showed that, overall, demographic factors have relatively little effect 

on user perceptions of GUI element aesthetics. However, experienced users, young 

audiences and women tend to be more critical towards aesthetics, in that they are 

more demanding in what is aesthetically pleasing. The general opinion was, however, 

that aesthetics matter. This concludes the overarching discourse that has been 

proven by all the publications in this dissertation, namely, that paying close attention 

to attractiveness is important in GUI design and a significant factor in determining 

the success of an interface. 

Together these publications form a cohesive image on the key questions 

presented in this dissertation. While aesthetic appeal is subjective, the findings show 

evidence of consensus that proves an empirical relationship on user perceptions and 

the effectiveness of attractive GUI design. The current undertaking shows that 

technology adoption advances at a tremendous pace, which blurs the boundaries of 

aesthetics between people despite their age, gender and habits in daily life. 

Considering the changing cultural atmosphere, especially relating to gender and age 

in the domain of technology, insight into the topic is especially valuable. Therefore, 

this study has laid the groundwork that aims to understand perceptions of attractive 

graphical user interfaces, its current state-of-the-art and the many ways to investigate 

them. 
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5.1 Contributions 

A shared trait to the publications in this dissertation is that because previous work 

has been lacking in this area, they introduce one of the first empirical studies 

dedicated to individual user perceptions and visual aesthetics located in the larger 

domain of graphical user interface research, and more specifically, the rapidly 

growing mobile apps and games markets, where minimal attention has been 

provided to how the visual attributes affect users. Therefore, a number of concrete 

contributions can be derived from this work. 

A thorough overview of available measures was presented in this dissertation, 

which facilitates selecting tools for assessing GUI aesthetics and further studies on 

the topic. This can be seen as foundational work for the field as the measurement 

instruments have been previously scattered and thus some have been more 

discoverable than others, which implies a bias in the usage of these tools. With this 

contribution, the aim is to offer an objective outlook and possibility to select and 

compare measurement instruments and/or further develop them. 

The growing need for customizable and adaptive interactive systems requires new 

ways of measuring and understanding perceptions and personality dimensions that 

affect how graphical user interfaces are designed and adapted (Gullà et al., 2015). 

Prior research (e.g., Ngo et al., 2000; Ngo, 2001; Ngo et al., 2003; Vanderdonckt and 

Gillo, 1994; Zen and Vanderdonckt, 2014, 2016) has focused on measuring graphical 

user interfaces as entities, although separate interface elements each have their own 

functions and designs. Whereas different tools and methods have been developed 

for assessing GUI aesthetics, no consensus exists on how to align these measures 

with user perceptions and the adaptation of the choice of elements to individual user 

preferences. One of the main contributions of this research is an instrument 

developed and validated in publication 2, namely VISQUAL, 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. The panoramic 

strengths of VISQUAL are threefold. First, it can be used to measure key visual 

elements of graphical user interfaces rather than assessing 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 
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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. 

Following the lines of guiding practices, another main contribution that can be 

extracted from publications 2, 3 and 4 is the information on what kinds of aesthetic 

perceptions graphical user interface elements (i.e., icons) should be brought to evoke. 

As of yet, few guidelines exist on this topic, thus it adds significantly to the current 

body of literature. This knowledge can be adapted in establishing segmentation 

models for the design of customizable user interfaces for different target groups and 

use contexts. These design implications underline the importance of creating high 

quality designs (i.e., transparent parts on the outer layers, color gradients, shading and 

highlighting as well as high graphical fidelity) across all graphical elements and demographic 

groups present in this research. Another design implication is tied to creativity, also 

emphasized by prior research (Arend et al., 1987, Creusen and Schoormans, 2005, 

Creusen et al., 2010, Dewar, 1999, Goonetilleke et al., 2001, Huang et al., 2002), 

which is essential in this time where users scroll past thousands of images per day. 

With the increase of time, users will naturally adapt to aesthetics that essentially 

repeat similar patterns, which may lead to developing a critical eye towards graphical 

elements. This way the users establish a taste for GUI aesthetics over time, which 

might make users more selective. Therefore, a successful graphic element should be 

unique and memorable (i.e., asymmetric, abstractly shaped) to stand out from masses.  

Concerning demographics, gender differences among younger users seem to be 

minimizing and therefore gender-neutral options could be considered in future 

design processes (Boiano et al., 2006, Morris et al., 2005). However, the perceptions 

of icons change especially for younger women in that icons are seen as more concrete 

and exciting over time. Hence, practitioners could benefit from integrating young 

female users to interfaces at an early stage to increase the aforementioned effects. 

In a more detailed sense, the results in publication 3 exposed gaps in prior GUI 

element design theories that underline the significance of concreteness and 

abstractness (e.g. Arend et al., 1987, Blankenberger and Hahn, 1991, Dewar, 1999, 

Hou and Ho, 2013, Isherwood et al., 2007, McDougall and Reppa, 2008, McDougall 

et al., 1999, McDougall et al., 2000, Moyes and Jordan, 1993, Rogers and Oborne, 

1987), as well as complexity and simplicity (e.g. Choi and Lee, 2012, Goonetilleke et 

al., 2001, McDougall and Reppa, 2008, McDougall et al., 2013, McDougall et al., 

2016) in aesthetic evaluation. The results contrast this notion as none of the 



 

65 

aforementioned adjectives were statistically significant. This calls for more research 

on these particular aesthetic features. 

5.2 Limitations 

This dissertation presents several insights into the facets of visual aesthetics in the 

context of graphical user interfaces as well as their measurement and prediction, but 

as is natural to any research, some compromises have to be made. Hence, the 

limitations of this dissertation are outlined as follows.  

Concerning methodology, the literature review in publication 1 was conducted 

via Scopus database. Although the query keywords and review process were 

meticulously constructed and applied, omission of relevant studies is possible due to 

the nature of systematic literature reviews. To alleviate this limitation, study selection 

and data extraction was performed with a rigorous protocol with a detailed 

description of the search and results. 

The experiment data in publications 2, 3 and 4 was gathered via an online survey 

that has some shortcomings worth acknowledging. As the survey was a self-

administered online task, there is a lack of control over respondent behavior and a 

potential for misinterpretation of the survey, posing a risk of common method bias 

(Podsakoff et al., 2003). Moreover, the survey was distributed on Finnish student 

organizations’ mailing lists, thus the sample can be considered fairly homogenous. 

The majority of the respondents were from the same age group and from a similar 

cultural background, which could affect perceptions in the study. This is clearly 

visible in the results of publication 4, where the age representation focuses on 

younger age groups due to the limitations of the sample. Thus, the possible effects 

of age are not adequately shown in the results and should be substantially expanded 

with a broader sample in order to accurately answer the research questions regarding 

age in the publication.  

As the sample is a nonprobability convenience sample, it is not necessarily 

representative of all users across all graphical user interfaces. Measures were taken 

to counter these issues, including e.g., randomization of items, survey piloting, and 

elimination of faulty responses. As the sample size is fairly large (n = 569), the 

generalizability of the dataset can be considered adequate. However, complementary 

methods with increased diversity would provide a more comprehensive overview on 

the topic. 
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A further limitation connected to the data collection method in publications 2, 3 

and 4 is the use of a newly developed scale VISQUAL. While the instrument was 

composed by merging existing measures and those theorized by researchers but not 

previously tested, it showed promise regarding internal consistency. Nevertheless, 

there is a lack of clear construct validation, e.g., through correlation with related 

measurement instruments, experimental analyses, or a differentiation from 

constructs that are less related by definition. Also, problems remained with validity 

and reliability. While it can be speculated that the overall level of reliability and 

validity possible to be attained by attitudinal measurement instruments where data is 

based on subjective intercorrelations may not be satisfactory in general, additional 

confirmatory studies are required to further examine the validity of the measurement 

model. Additionally, using the same sample in both EFA and CFA bears the risk of 

sampling effects and overfitting, as the CFA will be repeating many of the 

relationships that were established through the EFA which decreases overall 

generalizability of the results. There could also be underlying effects of the particular 

sample that might not be found in a second sample (Bandalos and Finney, 2010; 

Fokkema and Greiff, 2017). Therefore, additional studies with more diverse datasets 

are needed in order to examine the psychometric validity of the measurement 

instrument. With regards to study material in publications 2, 3 and 4, one larger 

domain of iconography was selected as stimulus, namely game app icons. This 

decision was made to maximize internal validity, as 1) game app icons are internally 

a homogenous category of graphical elements in the sense that they all share the 

same size, same possible color space and thus eliminate unforeseen variability; 2) 

participants are usually familiar with icons and can therefore more effortlessly 

imagine seeing such icons in their normal life, facilitating the responses, 3) game 

icons exhibit perhaps more heterogeneity in possible styles compared with icons 

related to utilitarian software/apps, thus, game apps may offer greater external 

validity and/or generalizability across icons, 4) currently game apps represent a 

hugely timely phenomenon as game apps are clearly the most popular app category 

globally by several statistics (e.g., Statista, 2016; 2021; Newzoo, 2019). 

In the experiment design, participants were uninformed about the purpose of the 

apps behind the icons in the experiment, as this could affect the results. Knowledge 

of the app may pose a risk of bias in user perceptions, thus the choice was made to 

eliminate possible confounding variables influencing the main objective of the study, 

namely aesthetics. This was further controlled by selecting new game app icons for 

the experiment that were not widely known. Furthermore, as is commonplace within 

the industry, actual data on app store usage was not available, thus the measurement 
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used in this study reports intended behavior with a vignette-style experiment setting. 

This may have an impact on the generalizability of the findings. Moreover, as the 

results consist of perceptions measured by quantitative means, the findings may be 

considered ambiguous with underlying biases.  

5.3 Research avenues 

Although graphical user interfaces are a significant part of our everyday lives, 

research in the field has remained surprisingly scarce. This merits further studies 

particularly due to the current rapid development of technology. To conclude, this 

dissertation offers several avenues for future research that have been discovered in 

the course of research work. 

While the publications included in this dissertation narrowed down several gaps 

in prior literature, they revealed a lack of research in many areas, such as the aesthetic 

evaluation of specifically mobile GUIs, as well as comparison between desktop and 

mobile interface types in regards of aesthetics evaluation. In general, cross-

comparison of measurement instruments that evaluate visual aesthetics of GUIs is 

challenging due to inconsistent validation and scattered tools, which requires further 

systematic mapping. Fortunately, the need for systematic mapping has been 

recognized in the field (Lima and Gresse von Wangenheim 2022), and it is expected 

that more publications will be seen in the near future where the various measurement 

instruments are further classified and organized. Additionally, measurement 

instruments addressing diverse target groups in relation to e.g., accessibility, color 

blindness, and various demographic factors across different cultures are missing. As 

adaptive user interfaces, interface customization as well as context-aware 

environments become increasingly common, and design patterns and models are 

explored for adaptive applications (Bouzit et al., 2017; Braham et al., 2022), further 

research would provide insight into the options to be designed and offered in the 

future. 

The limitations discussed the methodology, experiment design and stimulus material 

employed in this research. To address the concerns of measuring perceptions by 

quantitative means and possible ambiguity in the results, acquiring a qualitative 

approach would be beneficial in order to gain a deeper understanding of the topic in 

further studies. The selection criteria for study material poses a possibility for 

conducting future research on other GUI element types for comparative results. 
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Relating to the validity and reliability of the new measurement instrument 

VISQUAL, a number of directions for future work could be taken in order to 

address the issues mentioned in this dissertation. Firstly, as the initial model 

contained gaps that were addressed in a post-hoc revision, this moved the 

investigation out of a confirmatory analytic framework. Therefore, a replication 

study is recommended to define the properties of the measurement model. Secondly, 

measuring user perceptions can be seen as an adequate approach for user modelling, 

but a complementary measurement model that investigates personality dimensions 

(i.e., attitudes, behavioral tendencies, technology acceptance, aesthetics preferences) 

could be developed. The exploration of the potential for psychophysiological 

measures to offer deeper understanding of GUI design in both user experience and 

aesthetics of HCI has already commenced (e.g., Maia and Furtado 2018; 2019; Pentus 

et al. 2014; Rui and Gu 2021). Following this direction would link individual user 

perceptions measured by VISQUAL with personality traits, which could then be 

used to determine further recommendations on adaptation and customization. Using 

VISQUAL as the basis for mapping preferential trait profiles in combination with 

an accurately operationalized behavior measure, it would be possible to further track 

the aesthetic aspects the user prefers, which can then be applied in modifying 

interfaces accordingly. Lastly, VISQUAL was validated by measuring visual qualities 

of single GUI elements, thus, it evaluates isolated components. However, the 

context surrounding the component may affect 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 fields aside 

from user interface aesthetics research. 
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6 CONCLUSION AND FUTURE AGENDA 

At the time of this dissertation, people are embracing an increasingly mobile lifestyle 

facilitated through various user interfaces. The pandemic has taught us new ways of 

interaction, anywhere and anytime. Through rigorous analyses, reviews, and 

discussions, the four publications in the dissertation depict and further develop 

relevant theories, methods, and guidelines for the research and production of 

graphical user interface aesthetics. The results reflect new patterns in our everyday 

life concerning human-computer interaction, and the evolution will surely continue. 

Based on the discourse in this dissertation, a three-way future agenda was identified 

around the domains of concept, theme, and methodology.  

Firstly, as for conceptual agenda, the current corpus on user interface aesthetics 

and methods concentrates on geometry-related and image-related aspects, usually 

with fabricated settings with geometrical figures, which does not necessarily replicate 

a real setting. These constructs can be considered intuitive starting points for 

research, however, new mobile habits will accelerate the development of technology, 

which pushes the need for maturity in research as well. Therefore, experimenting 

with settings that we currently use on a daily basis is needed to start figuring out the 

next stage of “what could be” in terms of user interfaces, their attractiveness, and 

how we utilize them. Graphical user interfaces are, in their essence, technologies that 

facilitate the reality. While we use them on a daily basis, the development of these 

technologies is still in its infancy. User interfaces are multi-modal virtual products 

that are in a large sense free from constraints. Regardless, use experience right now 

can be considered very limited in terms of visual, aural, oral, haptic, and movement 

possibilities. For example, advances in speech recognition and natural language 

processing have the potential to make user interfaces more intuitive and effective 

than ever, transcending language barriers and cultural differences. Currently, we are 

bound to this limited experience with which we carry out our daily tasks, sometimes 

with success, sometimes with frustration. The concept of user interface aesthetics 

can be used as a beginning to explore novel ways of interaction, but to reach its full 

potential, a larger epistemological mindset has to be realized that takes into account 

what is beyond the graphical user interface that is known to us at present, and how 

their look and feel can be brought to a whole new level. 
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Secondly, relating to thematic agenda, the experiences of different users should 

be investigated further. An efficient user interface provides high fidelity, aesthetically 

pleasing graphics, and is intuitive to use for people with different technology skills 

and cultural backgrounds. Nevertheless, often there is a disconnect between the 

interface and the person who uses it, resulting in a negative experience. While this is 

more evident with older age groups due to the so-called digital divide, younger age 

groups tend to be more critical towards the look and feel of user interfaces in general. 

The discussion on how to increase the appeal of user interfaces from the perspective 

of efficiency is still insufficient. For example, it should be investigated when and 

where, in what circumstances, does different UIs prove to be effective and efficient, 

and for whom. As such, personality traits and individual characteristics influencing 

perceptions of user interface look and feel should also be examined with a user’s 

values and attitudes included. Better personalized, customized, and adaptive systems 

have shown to lead to more positive, long-term user experiences (Debevc et al., 

1996; Hartmann et al., 2007; Sarsam and Al-Samarraie, 2018, thus attribute studies 

can help researchers and practitioners design interfaces that live up to the 

expectations. 

Finally, concerning methodological agenda, future studies can carry out comparative 

experiments between user perceptions of the designs of different user interfaces and 

UI elements, as there is a lack of knowledge on clear implications or guidelines for 

the various user interface platforms (e.g., mobile and desktop) and UI elements (e.g., 

fonts, icons, and menus). Research has focused on a relatively small area of UI and 

element types, which hinders the reliability and generalizability of the results. More 

diversity is needed to acquire a deeper understanding on user needs. Future research 

can also benefit from the development of eye-tracking tools and deep learning 

approaches, as they have proven to be reliable in studying user perceptions related 

to the attractiveness and effectiveness of graphical user interface designs (Dou et al., 

2019; Gu et al., 2020; Khani et al., 2016; Liu and Yiang 2021; Pappas et al., 2020; Wu 

et al., 2011; Wu et al., 2016; Xing et al., 2021). These approaches draw from the 

evaluation methods based on graphical features as well as human perceptions with 

massively large-scale datasets, which increases the validity and accuracy of results 

and reduces time used for experiments. This way, the scope of samples can be 

expanded in terms of quantity, age, gender, income, and nationality. Naturally, 

multiple high-quality data sources are needed with a mass of different UI layouts and 

graphical elements of varying quality and features, as well as user perceptions on the 

attractiveness of these graphics. To improve accuracy and bias, future studies can be 

enriched with psychophysiological that provide understanding of user behavior on 
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an implicit level. Such measures aside from eye-tracking include e.g., body movement 

trackers, blood pressure monitors, and electroencephalograms (EEG). This 

methodology is already utilized in a plethora of studies across different fields, but its 

use is still scarce relating to graphical user interface aesthetics. The decision whether 

an object is attractive or not is formed in the subconscious mind within seconds of 

our exposure to it, and sometimes these reactions may be lost in an experiment 

setting with interviews or surveys for example. Therefore, an all-encompassing 

research methodology with the measurement of emotional arousal levels could be 

ground-breaking and fundamental to the evolution of graphical user interface design 

and the multi-modal experience. 
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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 different perceived aesthetic qualities in GUI elements as the founda-
tion for the measurement instrument. First, we devised a semantic differential 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 confirmatory factor analyses 
to test the model fit 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 affect 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 reflects 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 justifies 
further research on the topic.

Graphical user interface (GUI) is a way for humans to interact with devices 
through windows, menus and icons.1 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.2 
Graphical user interfaces are widely used due to their intuitiveness and immedi-
ate visual feedback. Several factors have influenced 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 different 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 definition 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 effectiveness 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 field of graphical user interfaces, appealing designs 
have proven to enhance usability (Kurosu and Kashimura 1995; Ngo et  al. 2000; 

1 Linux Information Project, “GUI Definition,” http://www.linfo .org/gui.html (accessed October 23, 
2018).
2 Android Developers, “Iconography,” http://www.andro iddoc s.com/desig n/style /icono graph y.html 
(accessed October 15, 2018).

http://www.linfo.org/gui.html
http://www.androiddocs.com/design/style/iconography.html
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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 differential 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 confirmatory 
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 defined as a system that changes its 
structure and elements depending on the context of the user (Schneider-Hufschmidt 
et al. 1993), hence the UI has to be flexible to satisfy various needs. User interface 
adaptation consists of modifying parts or a whole UI. 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, UI 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 UI, and adaptivity means the system’s ability to adapt 
the UI. 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 efficiency and learning curve (Lavie and Meyer 
2010).

The most important advantage of AUIs is argued to be the total control of UI 
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 (Gullà 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 UI (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 effectively identify different user 
profiles (Gullà et al. 2015). Due to the rapid changes to UI 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 Thüring 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 defined as a centered layout where components are equally weighed. Equi-
librium is defined as equal balance between opposing forces. Symmetry is defined 
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as the equal distribution of elements. Sequence is defined as the arrangement of ele-
ments in such a way that facilitates eye movement (Ngo et al. 2003). Color contrast 
is the difference 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 
configured 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 findings (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, influence results more 
than others. A study (Mõttus 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 differential scale was introduced 
by Hassenzahl et  al. (2003) with 21 items measuring hedonic quality–identifica-
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 differential 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 different elements with specific pur-
poses and designs (Maity et al. 2015). For instance, designing an interactive button 
is very different from defining type faces in that these elements serve different 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 difficulties 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 affecting 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. Icons 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 (García 
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; Jylhä 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 justifies 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 different 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 differential 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 differential is a commonly used tool for measuring connotative 
meanings of concepts. Similar to AttrakDiff 2 (Hassenzahl et  al. 2003), semantic 
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differential scale was utilized in the development of VISQUAL. However, in addi-
tion to differences in items, AttrakDiff 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-
Diff 2 measures hedonic and pragmatic qualities of entire user interfaces. While an 
effective 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 justifies the development of an element-specific evaluation 
instrument for visual aesthetics, namely VISQUAL.

Inconsistent findings 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 different 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 differential 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 confirmatory 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 differential 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 raffled 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 differential scale was constructed (e.g., 
Beautiful 1 2 3 4 5 6 7 Ugly). Semantic differential 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 find 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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(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 
different 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 

Table 2  Demographic 
information

n %

Age –20 60 10.54
(SD = 7.24) 21–25 249 43.76
(Mean = 26.90) 26–30 145 25.48
(Median = 25.00) 31–35 45 7.91

36–40 37 6.50
41–45 16 2.81
46–50 7 1.23
51–55 5 0.88
56–60 3 0.53
60– 2 0.35

Education Less than high school 5 .9
High school 135 23.7
College 95 16.7
Bachelor’s degree 227 39.9
Master’s degree 98 17.2
Higher than master’s degree 9 1.6

Employment Working full-time 133 23.4
Working part-time 62 10.9
Student 351 61.7
Unemployed 11 1.9
Retired 1 .2

Gender Male 297 52.2
Female 257 45.2
Other 15 2.6

Yearly income Less than $19,999 330 58.0
$20,000 to $39,999 105 18.5
$40,000 to $59,999 57 10.0
$60,000 to $79,999 25 4.4
$80,000 to $99,999 13 2.3
$100,000 to $119,999 14 2.5
$120,000 to $139,999 10 1.8
$140,000 or more 15 2.6
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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 justified 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 different 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 fill out 
the survey. The survey consisted of three or four parts depending on the choice of 
response. The first 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 specific 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 first part, they were assigned directly to the third part.

In the third part, the respondent evaluated app icons using semantic differential 
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 fits to 
the adjective. If you choose the middle space, you think both adjectives fit 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 Office 
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 confirmatory 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 modification in the model. 
Following the adjustments, another CFA was performed in order to finalize 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 coefficients 
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 significant (χ2 (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 five 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 first factor. This factor was named Excel-
lence/Inferiority. Seven adjective pairs (hard–soft, relaxed–stiff, 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 fifth factor. This factor was named 
Complexity/Simplicity.

5  Stage 2: Confirmatory factor analysis

In order to assess the latent psychometric properties of the instrument, confirmatory 
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 confirmatory factor analysis.

As per recommendation by the prior literature (Kline 2011), model fit was exam-
ined by the Chi square test (χ2), comparative fit index (CFI), root mean square error 
of approximation (RMSEA), and standardized root mean square residual score 
(SRMR). The Chi square test shows good fit 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 significant 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 .10.3

The initial results of the model fit indices were inadequate: χ2 = 5381.664, 
DF = 199; χ2/DF = 27.044, p ≤ .001, CFI = .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 χ2 and p values are highly 
sensitive to sample size (Matsunaga 2010; Russell 2002). As such, these values will 
remain statistically significant 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 fit 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 cutoff level for acceptable values (Nunnally and 
Bernstein 1994). Alpha values for each dimension were as follows: Excellence/Infe-
riority (α = .879), Graciousness/Harshness (α = .813), Idleness/Liveliness (α = .818), 
Normalness/Bizarreness (α = .460), and Complexity/Simplicity (α = .496). While 

3 Kenny, D.A., “Measuring Model Fit,” http://david akenn y.net/cm/fit.htm (accessed November 21, 
2018).

http://davidakenny.net/cm/fit.htm
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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 five proved to be robust, namely 
Excellence/Inferiority and Idleness/Liveliness. At this stage, the instrument does 
not seem to be an optimally fitting measurement model due to the poor model fit 
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 reflective indicators may offer to improve the over-
all model fit. Furthermore, examining strong modification indices (MI = 3.84) and 
covarying items accordingly (MacKenzie et al. 2011) is likely to prove beneficial in 
balancing unacceptable loadings in the model. By addressing issues associated with 
the problematic factors, low scores related to model fit as well as validity and reli-
ability are expected to improve.

6  Stage 3: Finalizing the instrument

The confirmatory factor analysis in Stage 2 revealed a number of problems related to 
model fit, validity and reliability as well as item loadings. In order to address these 
issues, first, items that loaded poorly (under .65) onto the extracted factors were 
removed consecutively (Brown 2015). To retain the five-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, modification 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 MI value, 
error terms were covaried for the adjective pairs quiet–loud and calm–exciting on 
the Idleness/Liveliness factor. These items were found to be semantically similar, 
and hence, the error terms of these items were allowed to correlate.

A confirmatory factor analysis was conducted on the finalized measure which 
comprised of five factors and the remaining 15 adjective pairs with two observed 
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error covariances. Please refer to Fig. 2 for the adjusted model evaluated in the 
CFA.

With these changes, the results of the model fit indices were as follows: 
χ2 = 1499.114, DF = 78; χ2/DF = 19.219, p ≤ .001, CFI = .906, RMSEA = .089, 
and SRMR = .0705. As discussed previously, the χ2 and p values are highly sensi-
tive to sample size and are thus easily inflated (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 fit. 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.

Fig. 1  Initial model with 22 items (standardized weights)
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While the adjusted model retained good alpha values concerning the first three 
factors, previously observed issues with the last two factors remained, as fol-
lows: Excellence/Inferiority (α = .896), Graciousness/Harshness (α = .740), Idle-
ness/Liveliness (α = .818), Normalness/Bizarreness (α = .588), and Complexity/
Simplicity (α = .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 significant 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 five-factor model in that the square root of 
AVE for each of the five 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 Idleness/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 

Fig. 2  Adjusted model with 15 items and covaried errors (standardized weights)
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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 findings 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), Idleness/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 affect 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 reflected each 
other, which affects the quality of the factor.

Overall, the measurement model significantly improved concerning model fit 
indices as well as convergent validity and composite reliability. These findings 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 finalized instrument, repli-
cation of the model with a different data sample is recommended as discussed in the 
following.

7  Discussion

The initial measurement model of 22 items formed a five-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 reflected 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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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 justifies item 
removal from a methodological perspective.

During Stage 3, modification 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 modification 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 different ways, i.e., in general and specific terms. 
There is an ongoing discussion whether post hoc correlations based on modifica-
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 justifica-
tion (e.g., Brown 2015; Hermida 2015; Kaplan 1990; MacCallum 1986). Examining 
modification 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 fit 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 χ2 value and standardized 
residuals, modification indices are sensitive to sample size (Brown 2015). When 
the sample size is large (more than 200 cases), modification indices can be consid-
ered in determining re-specification (Kaplan 1990). VISQUAL was evaluated using 
data from 2276 icon evaluations, which causes inflation 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 first-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 field 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 fit 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 

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
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rather than more specific 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 
affect how graphical user interfaces are designed and adapted. This study was one 
of the first 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 effective use, where the 
user-perceived pragmatic and hedonic attributes are satisfied. 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 
profile building (Liu 2015), a complementary measurement model that investigates 

Table 9  Pearson correlation test between 22-item scale and 15-item scale

All correlations statistically significant at p < 0.01 unless stated otherwise
a p < 0.05, bNS

22-item scale 15-item scale 

Excellence/
Inferiority

Gracious-
ness/Harsh-
ness

Idleness/Liveliness Normalness/
Bizarreness

Complexity/
Simplicity

Excellence/Inferiority .982 .368 − .287 .190 .296
Graciousness/Harshness .347 .907 − .204 .107 .242
Idleness/Liveliness − .301 − .408 .969 − .134 − .376
Normalness/Bizarreness .005b .046a − .088 .894 .170
Complexity/Simplicity .295 .281 − .365 .288 1.000
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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 profiling (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 five-
factor personality model (Digman 1990) to determine personality traits for track-
ing user preferences of visual qualities and modifying interfaces accordingly. The 
five-factor model defines 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 five personality traits significantly affect user 
preferences when observing interests, e.g., those with creative tendencies (with high 
O) 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 beneficial to scholars eager to pur-
sue this area of work despite, or perhaps for, the need of further validating the effec-
tiveness of this measure in different 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 confirmatory analytic 
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framework. Therefore, a replication study is recommended to define 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 modification 
indices and correlated errors. Although theoretically and methodologically justi-
fied, 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 specification of the adjusted 
model.

The results supported discriminant validity for the five-factor model, but con-
cerns with convergent validity and composite reliability remain open for critique. As 
this was a first-time study, additional confirmatory 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 profiles 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 five 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-
eficial 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 
fields (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 affect 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 fields 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 different 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: Jylhä 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 final 
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 differential scale for each adjective pair (e.g., Beauti-
ful 1 2 3 4 5 6 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 fit 
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 
final VISQUAL

Excellence/Inferiority Good–Bad Yes
Professional–Unprofessional Yes
Beautiful–Ugly Yes
Expensive–Cheap Yes
Strong–Weak Optional

Graciousness/Harshness Soft–Hard Optional
Relaxed–Stiff 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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A B S T R A C T

Mobile app markets have been touted as fastest growing marketplaces in the world. Every day thousands of apps
are published to join millions of others on app stores. The competition for top grossing apps and market visibility
is fierce. The way an app is visually represented can greatly contribute to the amount of attention an icon
receives and to its consequent commercial performance. Therefore, the icon of the app is of crucial importance as
it is the first point of contact with the potential user/customer amidst the flood of information. Those apps that
fail to arouse attention through their icons danger their commercial performance in the market where consumers
browse past hundreds of icons daily. Using semantic differential scale (22 adjective pairs), we investigate the
relationship between consumer perceptions of app icons and icon successfulness, measured by 1) overall eva-
luation of the icon, 2) willingness to click the icon, 3) willingness to download the imagined app and, 4) will-
ingness to purchase the app. The study design was a vignette study with random participant (n=569) as-
signment to evaluate 4 icons (n=2276) from a total of pre-selected 68 game app icons across 4 categories
(concrete, abstract, character and text). Results show that consumers are more likely to interact with app icons
that are aesthetically pleasing and convey good quality. Particularly, app icons that are perceived unique,
realistic and stimulating lead to more clicks, downloads and purchases.

1. Introduction

After app stores became prominent venues for providing software,
the number of mobile apps has been constantly growing at a fast pace
(Moreira et al., 2014). Online storefronts try to attract critical masses in
various ways, but effective design is necessary for consumer engage-
ment (Overby and Sabyasachi, 2014). Rapid changes in the app markets
and consumer mindsets poise new possibilities and challenges in the
world-wide competition of commercial success, which motivates the
need for further research on app icons and consumer behavior.

App stores house a massive number of mobile applications, also
known as apps. To this date, the total number of app downloads from
app stores worldwide is estimated 197 billion.1 Furthermore, global

apps industry revenue has been predicted to rise to 188.9 billion U.S.
dollars in 2020.2 In light of these statistics, the impact of the apps in-
dustry to economic growth is undeniably high. All apps are listed on
app stores as icons – a graphic that “provides a quick, intuitive re-
presentation of an action, a status or an app”.3 An icon-based graphical
user interface (GUI) common to smartphones and tablets has a limited
display area, which is why app icons should provide good recognition
and user preference (Böhmer and Krüger, 2013; Chen, 2015; Hou and
Ho, 2013). Icons essentially act as a first-pass filter for saturated app
markets, which is why they need to immediately capture a consumer's
attention.4 App icon is in many cases the first and most powerful op-
portunity to succeed in user engagement on the highly competitive app
store markets (Woolridge and Schneider, 2011), hence developers and
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designers must make a strong impact to prompt consumers to choose to
interact with their app instead of the many others.

This observation leads us to the following key research questions:
How do consumer perceptions of app icon aesthetics affect icon successful-
ness, namely, what are the aesthetic qualities that are likely to engage
consumers into interacting with app icons? Moreover, does app icon
appearance affect downloading and purchasing behavior of consumers?
This topic is significant for research because minimal attention has been
provided to how the visual attributes of apps represented on app stores
affect consumer behavior (Wang and Li, 2017; Lin and Chen, 2018).
Although icons appear commonly on various interfaces, research ex-
amining the determinants of icon appeal is scarce (McDougall et al.,
1998, 2016). To our knowledge, no theoretical accounts have been
proposed to explain the effects of consumer perceptions on app icon
successfulness at the time of this research. Therefore, this study intends
to lay the groundwork with potentially far-reaching practical and the-
oretical implications.

Using semantic differential scale (22 adjective pairs), this ex-
ploratory (i.e. non-confirmatory) study investigates the relationship
between consumer perceptions of app icons and icon successfulness,
measured by 1) overall evaluation of the icon, 2) willingness to click the
icon, 3) willingness to download the imagined app and, 4) willingness
to purchase the app. The study design is a vignette study, in which
participants (n=569) were assigned to evaluate 4 randomized icons
from a total of pre-selected 68 game app icons across 4 categories
(concrete, abstract, character and text). Game app icons were selected
to maximize internal validity. This resulted in a total of 2276 individual
icon evaluations. The findings show that consumers are more likely to
interact with app icons that are aesthetically pleasing and convey good
quality. This contrasts prior research (Shaikh, 2009) on onscreen
typeface design and usage, which was implemented as a basis for our
experiment. Furthermore, gaps in prior icon design theories are exposed
regarding predictors of icon successfulness in terms the adjective pairs
Concrete–Abstract and Complex–Simple, as no consistent statistically
significant effect was found among them in our study.

2. Background

2.1. Graphical presentation in human–computer interaction

Icons are pictographic symbols of data or processes within a com-
puter system, applied principally to graphics-based interfaces of oper-
ating systems (Gittins, 1986). Icons are widely used in hu-
man–computer interaction and they have replaced commands and
menus as the means by which the computer supports a dialogue with
the end-user (García et al., 1994; Gittins 1986; McDougall et al., 1998;
Huang et al., 2002). Similar to mobile platforms, iconic interfaces have
made their way into our everyday life. Advances in technology result in
additional features and further, additional icons. The evolution of icons
is traced back to signs (Goonetilleke et al., 2001). Signs are elements
that “stand to someone for something in some respect or capacity”
(Peirce, 1932). This can be interpreted in the sense that signs as well as
icons have a symbolic meaning or connotation behind them. Prior re-
search (Wiedenbeck, 1999) supports this by noting that icons are in-
terface objects that represent a larger system in a simplified, pictorial
manner. As we communicate through symbols, these symbols must also
be embedded in icons to evoke the desired connotation in the viewer
(Horton, 1996).

The terms icon and symbol are differentiated in that icons have a
physical connection to a target or function, whereas symbols have an
arbitrary, indirect relationship to that which they refer (Horton, 1994).
However, the use of the term “icon” to describe symbols has become
dominant especially in the interactive field (Horton, 1996). Thus, the
everyday usage of “icon” stands for any graphic on an interactive
button, and these icons can represent system objects such as files or
folders, or actions such as messaging or calling (Wiedenbeck, 1999).

Furthermore, leisurely icons, such as game and movie icons, often de-
pict characters and other relevant features to the title which they re-
present. This is believed to enhance product identity and brand per-
sonality (Phillips, 1996).

The reason why icons are extensively used is due to many factors.
Icons facilitate human–computer interaction because they are swiftly
recognized and memorized (Horton, 1994, 1996; McDougall et al.,
1999; Wiedenbeck, 1999). Icons are also more convenient for universal
communication than text, since language interpretation is not an ob-
stacle (Arend et al., 1987; Horton, 1994, 1996; Lodding, 1983;
McDougall et al., 1999). Despite these positive results of icon usage,
there is little published research on app icons, justifying further in-
vestigation.

One aspect of prior research on icon aesthetics concerns whether
concrete or abstract icons are more effective from user perspective (e.g.
Arend et al., 1987; Blankenberger and Hahn, 1991; Dewar, 1999; Hou
and Ho, 2013; Isherwood et al., 2007; McDougall and Reppa, 2008;
McDougall et al., 1998, 1999, 2000; Moyes and Jordan, 1993; Rogers
and Oborne, 1987). Icon concreteness is the extent to which it depicts
real objects (Isherwood et al., 2007), whereas icon abstractness tends to
have less obvious connections with real objects (McDougall et al.,
1999). Some studies (e.g. Hou and Ho, 2013; McDougall and Reppa,
2008; McDougall et al., 1999, 2000; Moyes and Jordan, 1993; Rogers
and Oborne, 1987) show that most users prefer concrete, rich icon
designs to abstract, simplified icons, while others have found con-
flicting results (Arend et al., 1987; McDougall et al., 1998). Prior re-
search has also suggested that concreteness may not be of primary
importance after all, rather semantic distance and familiarity may be
more important (Blankenberger and Hahn, 1991; Dewar, 1999;
Isherwood et al., 2007; McDougall et al., 1998, 1999; McDougall and
Reppa, 2008; Schröder and Ziefle, 2008). Furthermore, icon familiarity
has been acknowledged to help reduce the amount of information to
communicate a message (Arab et al., 2013; Forsythe et al., 2008) which
makes an icon easier to understand.

The juxtaposition of concrete and abstract icons is sometimes re-
ferred to as the guessability gulf (Moyes and Jordan, 1993). This is be-
cause concrete icons are easier to cognitively process at first sight than
abstract icons. Despite the debate between concreteness and abstract-
ness of icons, it is noteworthy that icon preference is affected by many
factors. Computer icons have evolved from information signs to a part
of consumer culture (Huag et al., 2002), therefore different types of
icons may be suitable for different purposes and personalities. For ex-
ample, concrete icons can be useful in public information systems or
warnings (McDougall et al., 1998; McDougall and Reppa, 2013) where
the goal is to clearly communicate information, whereas more stylistic
icon design may promote other ends (Hou and Ho, 2013).

Another aspect of effective icon design is the speed and ease with
which icons can be understood (e.g. Arend et al., 1987; Blankenberger
and Hahn, 1991; Dewar, 1999; Lodding, 1983; Isherwood et al., 2007;
McDougall and Reppa, 2008; McDougall and Reppa, 2013; McDougall
et al., 2016; Moyes and Jordan, 1993; Wiedenbeck, 1999). Prior re-
search (McDougall and Reppa, 2013, McDougall et al., 2016) on in-
terface icon design has found that processing fluency affects icon appeal
and that simple icon design has been shown to lead to user satisfaction.
Factors influencing icon processing are e.g. icon familiarity and com-
plexity, meaning that the easier the icon is to process due to simple
design and earlier experience with similar icons, the more appealing it
is (Arab et al., 2013; Choi and Lee, 2012; Dewar, 1999; Forsythe et al.,
2008; Goonetilleke et al., 2001; Huang et al., 2002; Isherwood et al.,
2007; McDougall and Reppa, 2008; McDougall et al., 1998; 2016;
McDougall and Reppa, 2013; Moyes and Jordan, 1993).

Further concerning icon design and icon effectiveness, it has been
speculated by prior research that the most important features of an icon
are dominance, uniqueness or discriminability, and unambiguity
(Arend et al., 1987; Dewar, 1999; Goonetilleke et al., 2001; Huang
et al., 2002). Dominance is defined as a characteristic intrinsic to a
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function and its context. An icon element is dominant if the other icon
elements can be inferred from the first one. Therefore, icons with
dominant elements are said to be processed more fluently than icons
with redundant elements (Goonetilleke et al., 2001). An icon is said to
convey uniqueness or discriminability when the representation and its
function has perceptual immediacy, making an icon distinguishable and
locatable among other icons (Goonetilleke et al., 2001; Huang et al.,
2002). For example, icons featuring elements that are not inter-
changeable with other representations enhance icon uniqueness. The
use of unique, visually distinctive icons has been shown to lead into
better performance compared to icons that are not perceived as unique
(Arend et al., 1987; Goonetilleke et al., 2001; Huang et al., 2002).
However, uniqueness/discriminability has not been defined formally as
specific differences in icons but rather it is in the eye of the beholder.
Therefore, there is not a tangible way to define what it means in terms
of specified features of an icon. Unambiguity is defined as a re-
presentation that can be associated with only one of the functions in a
given context (Goonetilleke et al., 2001). If an icon is ambiguous, i.e. it
holds multiple meanings in a single context, it may result in various
interaction problems to users, especially if they have limited experience
in icon identification (Black, 2017; Goonetilleke et al., 2001; Rogers
and Oborne, 1987; Salman et al., 2010). For example, an icon depicting
only a human face with an open mouth can refer to various actions such
as eating, drinking or speaking, and therefore the representation is
ambiguous. In this case, adding another element guiding the contextual
function would aid in reaching unambiguity. Such an element could be
e.g. a cup of coffee, which would make the icon easier to interpret as
something related to the function of drinking (Goonetilleke et al.,
2001).

App icons are a necessary part of branding and product design, as
icons are key marketing elements presented to the consumer before
downloading an app (i.e. product). Effective package and product de-
sign has been widely acknowledged as a factor for advantage in eco-
nomic competition (e.g. Ares et al., 2011; Creusen and Schoormans,
2005; Creusen et al., 2010; Rundh, 2009; Schifferstein et al., 2013).
Consumers use a lot of time and effort to evaluate how a product is
presented, and often form their perceptions on brands based on design
(Orth and Malkewitz, 2008). Hence, design affects brand and product
selection and may drive purchase decisions (Ares et al., 2011; Creusen
and Schoormans, 2005; Creusen et al., 2010; Fenko et al., 2010; Orth
and Malkewitz, 2009; Schifferstein et al., 2013; van Rompay et al.,
2009). In this light, the effects of product design should be of great
importance to app designers, marketers and developers.

Product presentation can be divided into two main categories, vi-
sual and informational elements. Visual elements (i.e. graphics) include
layout, color, typography, size and shape, whereas informational ele-
ments include written information about the product (Silayoi and
Speece, 2004). App icons belong to the category of visual elements that
communicate to the consumer most directly. In decision-making, con-
sumers spontaneously form impressions of product content quality
based on how a product is presented (Underwood et al., 2001; Yun
et al., 2003) and these impressions can have lasting impact. For ex-
ample, consumers perceive highly saturated colors as exciting
(Labrecque and Milne, 2011), making them popular in product pre-
sentation. Furthermore, it is believed that effective visual elements in
product presentation evoke more of an emotional response than in-
formational elements (Silayoi and Speece, 2004), which in turn brings
extra value to the product and increases the possibility of purchase
(Cho and Lee, 2005). Hence, emotional impact is important when
creating products, services and brands (Crossley, 2003).

2.2. Related work

Prior studies have investigated effective icon design in terms of icon
concreteness and abstractness (e.g. Arend et al., 1987; Blankenberger
and Hahn, 1991; Dewar, 1999; Hou and Ho, 2013; Isherwood et al.,

2007; McDougall and Reppa, 2008; McDougall et al., 1999,2000;
Moyes and Jordan, 1993; Rogers and Oborne, 1987), icon familiarity
(Arab et al., 2013; Dewar, 1999; Forsythe et al., 2008; Huang et al.,
2002; Isherwood et al., 2007; McDougall and Reppa 2008, McDougall
and Reppa, 2013; McDougall et al., 2016; Moyes and Jordan, 1993),
icon simplicity and complexity (Choi and Lee, 2012; Goonetilleke et al.,
2001; McDougall and Reppa, 2008, McDougall and Reppa, 2013;
McDougall et al., 2016) as well as uniqueness/discriminability and
unambiguity (Creusen and Schoormans, 2005; Creusen et al., 2010;
Dewar, 1999; Goonetilleke et al., 2001; Huang et al., 2002; Salman
et al., 2010). However, app icons on app stores differ from other in-
terface icons in that they are not only designed for interaction, but also
as marketing assets meant to attract the consumer and to stand out in a
display of many other offerings, much like any other, more tangible
product. From this perspective, there are a plethora of other aspects
that could also prove to be important determinant of app icon suc-
cessfulness.

The handful of studies that have investigated the relationship be-
tween app icons and consumer behavior have consensus in that app
icons play an important role in the mobile app markets, and that at-
tractive icons have the power to trigger the interest of consumers
(Burgers et al., 2016; Chen, 2015; Hou and Ho, 2013; Lin and Chen,
2018; Salman et al., 2010; Shu and Lin, 2014; Wang and Li, 2017).
Nevertheless, mixed results have been reported on the attributes of
successful icons. Studies that have investigated app icon design to un-
derstand task performance and user preference of different icon types
have found that consumers prefer detailed, pictorial app icon design
(Chen, 2015; Hou and Ho, 2013), sometimes regardless of inefficiency
on task performance (Chen, 2015). Other findings on the visual attri-
butes of app icon appearance recommend simplicity and complexity to
be balanced for consumer appeal, as well as adding slight asymmetry to
the design (Wang and Li, 2017). Moreover, positive evidence suggests
that color is an important aspect of app icon design, as particularly
bright and colorful icons increase the chance of app downloads and
consumer preference (Salman et al., 2010; Wang and Li, 2017). Prior
research on the relationship between icon attributes and consumer
choice of apps has reported that app icon successfulness is dependent on
app type as well as user personality and demographics (Hou and Ho,
2013; Salman et al., 2010; Shu and Lin, 2014), which complicates
conclusions on the topic. Conflicting findings may be due to the fact
that aesthetic appeal is a multi-dimensional topic that consists of var-
ious dimensions (Reppa and McDougall, 2015). According to the lit-
erature review herein, it appears that currently there does not exist a
coherent body of knowledge on the issue of understanding how icon
aesthetics affect perception and behavior. This is especially so as there
exist only few studies on the topic as well as because their results are
slightly mixed and conflicting. No clear trajectory of results emerges
from the literature. Apps are used for several purposes by users with
different profiles, thus it is important to advance knowledge in this
topic to avoid pitfalls during icon design. As literature on this topic is
limited, further investigation is justified.

Therefore, we set out to explore the relationship between consumer
perceptions of app icon aesthetics and icon successfulness, to find out
what are the perceived aesthetic qualities that are likely to engage
consumers into interacting with app icons to fill the gap in prior lit-
erature identified above. Furthermore, we wish to further the body of
research so that a pathway to a more coherent conclusion of icon aes-
thetics and consumer perceptions could be formed. The following sec-
tion introduces the study design.

3. Methods and data

In order to find out how consumer perceptions of app icon aesthetics
affect icon successfulness, we employed a semantic differential scale of
22 adjective pairs, measured by 1) overall evaluation of the icon, 2)
willingness to click the icon, 3) willingness to download the imagined
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app and, 4) willingness to purchase the app. This study utilized a
within-subjects vignette approach, where each subject (n=569) served
in four treatments. Participants were assigned to evaluate 4 randomized
icons from a total of pre-selected 68 game app icons across 4 categories
(concrete, abstract, character and text) in a hypothetical situation set-
ting instead of a description more typical to vignette studies. The aim
was to acquire reliable data by exposing the participants close to a
realistic setting outside the app store context. This resulted in a total of
2276 individual icon evaluations. The experiment was carried out as a
self-administered online task. The following Section 3.1 describes the
participants in the study.

3.1. Participants

The sample is composed of a nonprobability convenience sample
with 569 respondents who participated in the study and assessed game
app icons through the vignette experiment. A link to the online ex-
periment was advertised in Facebook groups and Finnish student or-
ganizations’ mailing lists. The participants predominantly resided in
Finland (92.8%). Other countries clearly represented in the data were
the United States (2.1%) and United Kingdom (2.1%). Please refer to
Table 1 for demographic details of participants.

The gender split across participants was rather equal, as only
slightly more than half were male (52.2%). The mean age was 26.90

years (SD = 7.24 years; 16–62 years). Most participants were uni-
versity students (61.7%) and had a university-level education (39.9%).
On a weekly basis, most participants (75.4%) did not download any
game apps. Missing data (1.8%) was encountered for this item, as the
frequency of mobile game downloads was only asked of those who use a
smartphone. To counter possible bias in the experiment, participants
who did not download game apps frequently were instructed to answer
based on their expectations of game app icons they might interact with.
Two participants were randomly chosen and awarded a prize (Polar
Loop 2 Activity Tracker). No other participation fees were paid.
Participants were informed of the purpose of the study and assured
anonymity.

3.2. Materials

Sixty-eight game app icons from Google Play Store were selected for
the study. The decision to narrow down the sample to game app icons
was made to eliminate further variability that might stem from the
nature of the app and thus increase internal validity of the experiment,
but also external validity in terms of results applied to the game icons.
In order to avoid any systematic bias, 4 icons corresponding to domi-
nant icon styles (concrete, abstract, character and text) were selected
from each of 17 categories for game apps (action, adventure, arcade,
board, card, casino, casual, educational, music, puzzle, racing, role
playing, simulation, sports, strategy, trivia and word). Because icon
design for app stores is category-dependent (Shu and Lin, 2014), we
considered it justified to include icons from all categories. Prior lit-
erature highlights the relevance of concreteness and abstractness in
icon design (e.g. Arend et al., 1987; Blankenberger and Hahn, 1991;
Dewar, 1999; Hou and Ho, 2013; Isherwood et al., 2007; McDougall
and Reppa, 2008; McDougall et al., 1999, 2000; Moyes and Jordan,
1993; Rogers and Oborne, 1987), hence they were included in this
experiment. The icons are presented in Table 2.

Looking at the icons on app stores, characters and typography are
prevalent elements usually seen on app icons. It has been argued that
faces on app icons are widely used because of the immediate impact
and memorability they have due to neural processing of facial expres-
sions.5 Furthermore, as the study design is based on prior research
(Shaikh, 2009) on onscreen typeface and usage, text elements were
included. During the selection phase we ensured that one icon from
each category was dominantly characteristic of one of these 4 attri-
butes. Since the categories are overlapping to an extent, separation
between the categories was based on the most prominent elements in
the icons. For example, icons in the “concrete” genre were selected in
such a way that facial structures were not dominant in the icon,
whereas in the “character” genre, the main element in the selected
icons was a close-up image where the facial expression was prevalent.

Additional criteria were the publishing date of the apps and the
number of installs and reviews they had received at the time of selec-
tion. Since the icons in the experiment were chosen during December
2016, the acceptable publishing date for the apps was determined to
range from December 3rd to 17th 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. Moreover, the goal was to have as visually rich sample of icons as
possible, meaning that several different computer graphic techniques
were included, such as 2D and 3D rendered images.

3.3. Measurements

Semantic differential scale was used to measure respondent

Table 1
Demographic information.

n %

Age –20 60 10.54
(SD=7.24) 21–25 249 43.76
(Mean=26.90) 26–30 145 25.48
(Median=25.00) 31–35 45 7.91

36–40 37 6.50
41–45 16 2.81
46–50 7 1.23
51–55 5 0.88
56–60 3 0.53
60– 2 0.35

Education Less than high school 5 0.9
High school 135 23.7
College 95 16.7
Bachelor's degree 227 39.9
Master's degree 98 17.2
Higher than master's degree 9 1.6

Employment Working full-time 133 23.4
Working part-time 62 10.9
Student 351 61.7
Unemployed 11 1.9
Retired 1 0.2

Game apps downloaded (per week) 0 429 75.4
1 104 18.3
2 14 2.5
3 9 1.6
4 2 0.4
5 1 0.2
Missing 10 1.8

Gender Male 297 52.2
Female 257 45.2
Other 15 2.6

Yearly income Less than $19,999 330 58.0
$20,000 to $39,999 105 18.5
$40,000 to $59,999 57 10.0
$60,000 to $79,999 25 4.4
$80,000 to $99,999 13 2.3
$100,000 to $119,999 14 2.5
$120,000 to $139,999 10 1.8
$140,000 or more 15 2.6

5 Chartboost, “Power-Up Report – July 2015,” https://chartboost.s3.
amazonaws.com/blog/power-up-report-july-2015-building-an-empire-mobile-
strategy-games.pdf (Accessed September 14, 2018).
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evaluations of aesthetic aspects of the icons. A total of 22 adjective pairs
was formulated and assigned to each icon. The polarity of the adjective
pairs was reversed so that perceivably positive and negative adjectives
did not align on the same side of the scale. All of the adjective pairs
were chosen according to prior research (Shaikh, 2009) on onscreen
typeface design and usage. Additionally, adjectives related to icons
were added as suggested per previous literature on effective icon de-
sign. These adjectives include concrete and abstract (Arend et al., 1987;
Blankenberger and Hahn, 1991; Dewar, 1999; Hou and Ho, 2013;
Isherwood et al., 2007; McDougall and Reppa, 2008; McDougall et al.,
1999, 2000; Moyes and Jordan, 1993; Rogers and Oborne, 1987),
simple and complex (Choi and Lee, 2012; Goonetilleke et al., 2001;
McDougall and Reppa, 2008, 2013; McDougall 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 were added to
specifically measure the aesthetics of the icons include professional and
unprofessional, colorful and colorless, realistic and unrealistic as well as
two-dimensional and three-dimensional.

Table 3 lists the adjective pairs used in the study and presents an
overview of the means and standard deviations. There were no outlier
values and the range between the lowest and highest scores cluster
closer to the average even though the 68 icons were quite different from
each other. All the mean scores were between 3.5 and 4.5 for each
evaluation. This indicates little skewness in the data.

To measure participants willingness to interact with the icons pre-
sented to them, a seven-point Likert scale was utilized to measure the
degree of disagree-agreement of the respondents with respect to the
likelihood of them clicking, downloading, and purchasing the imagined
app behind the icon with an instruction title: “Overall evaluation
(judging by the icon alone)” followed by questions: “Compared to the
mobile game icons I usually click, I would click this icon”, “Compared
to the icons of mobile games I usually download, I would click this
icon” and “Compared to the icons of mobile games I usually purchase, I
would click this icon.” Respondents were provided the following op-
tions on the seven-point scale: “Strongly disagree”, “Disagree”,
“Somewhat disagree”, “Neither agree nor disagree”, “Somewhat agree”,
“Agree” and “Strongly agree”. Moreover, respondents were asked to
give an overall evaluation score for the design of each icon by grading
them on a seven-point scale to further assess consumer perceptions of

Table 2
Icons in the study.

Table 3
Adjectives, means and standard deviations.

Adjective pairs Mean Std.

Beautiful–Ugly 4.57 1.618
Expensive–Cheap 4.83 1.563
Good–Bad 4.34 1.641
Happy–Sad 3.80 1.507
Hard–Soft 3.81 1.545
Strong–Weak 3.93 1.464
Feminine–Masculine 4.34 1.388
Delicate–Rugged 4.42 1.368
Relaxed–Stiff 4.47 1.560
Old–Young 3.98 1.611
Passive–Active 3.97 1.708
Slow–Fast 3.87 1.576
Calm–Exciting 3.96 1.452
Cool–Warm 3.97 1.436
Quiet–Loud 4.12 1.601
Adjective pairs related to aesthetic qualities

Concrete–Abstract 4.03 1.998
Professional–Unprofessional 4.22 1.736
Unique–Ordinary 4.60 1.651
Colorful–Colorless 3.77 1.810
Realistic–Unrealistic 4.22 1.592
Two-dimensional–Three-dimensional 3.33 1.863
Complex–Simple 4.69 1.669
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icon successfulness.

3.4. Procedure

The data was collected through a survey-based vignette experiment.
Respondents were provided the purpose of the study after which they
were guided to fill out the survey. The survey consisted of three or four
parts depending on the choice of response. The first 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 specific 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 smartphone in
the first part, they were assigned directly to the third part.

In the third part, the respondent was asked to evaluate game app
icons using seven-point semantic differential 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, the closer you choose to the left or right adjective,
the better you think it fits to the adjective. If you choose the middle
space, you think both adjectives fit equally well.” The respondent was
reminded that there are no right or wrong answers and was then in-
structed 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 an initial “In my opinion, this icon is…”. Each respondent
was randomly assigned four icons to evaluate, one from each category
of pre-selected icon attributes (abstract, concrete, character and text).
After the semantic scales, the participant 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. Last, 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 was analyzed with IBM SPSS

Statistics version 24 and Microsoft Office Excel 2016. The following
section describes the results of the analysis.

4. Results

Multiple linear regression analyses (MLRA) were performed to in-
vestigate the relationships between perceptions of icons (represented by
the 22 adjective pairs) and each of the four variables related to icon
successfulness (1. overall evaluation of the icon, 2. willingness to click
the icon, 3. willingness to download the imagined app and, 4. will-
ingness to purchase the imagined app). Please refer to Table 4 for re-
sults.

We tested for multicollinearity with variance inflation factors (VIF),
a common procedure in regression analysis to observe whether some
relationships are masked due to collinearity. Multicollinearity causes
inflation in the variances of regression coefficients, which may lead in
unreliable conclusions about the relationship between variables. The
VIF values for each adjective pair were between 1.5 and 2.7, except for
the adjective pair Beautiful–Ugly and Good–Bad (VIF >3). Please refer
to Table 5 for VIF scores.

According to Montgomery and Peck (1992) a VIF value that exceeds
5 (or in some cases 10) implies multicollinearity. In this light, the values
in the analysis are more than acceptable. Nevertheless, compared to the
other values, the higher VIF of Beautiful–Ugly and Good–Bad may
suggest some multicollinearity, albeit that the values are not critically
high. However, omitting variables due to relatively high VIF values (in
comparison with other variables in the models) is a standard procedure
that can be performed as a theory-driven decision. In this study, we aim
to make predictions on the more underlying elements of icon aesthetics
than those that are conceptually overlapping (i.e. Beautiful–Ugly and
Good–Bad) at a higher level. Hence, we considered it worth finding out
if there are significant elements hidden in the model when the adjective
pairs of the highest VIF scores are removed. Thus, we ran additional
post-hoc regression analyses excluding adjective pairs Beautiful–Ugly
and Good–Bad. The analyses were performed with the remaining 20
adjective pairs and each of the four variables related to icon success-
fulness (1. overall evaluation of the icon, 2. willingness to click the icon,
3. willingness to download the imagined app and, 4. willingness to
purchase the imagined app). Please refer to Table 6 for results.

Our predictions regarding hidden relationships between variables

Table 4
The relationship between consumer perceptions of icons and the willingness to click, download and purchase.

Beta P Beta p Beta p Beta p
Evaluation (R2= 0.658) Click (R2= 0.550) Download (R2= 0.530) Purchase (R2= 0.425)

Beautiful–Ugly −0.246** 0.000 −0.256** 0.000 −0.222** 0.000 −0.201** 0.000
Good–Bad −0.332** 0.000 −0.357** 0.000 −0.351** 0.000 −0.303** 0.000
Unique–Ordinary −0.071** 0.000 −0.112** 0.000 −0.098** 0.000 −0.113** 0.000
Hard–Soft 0.049** 0.004 0.055** 0.008 0.056** 0.009 0.054* 0.020
Calm–Exciting 0.072** 0.000 0.069** 0.002 0.086** 0.000 0.049* 0.043
Passive–Active 0.057** 0.004 0.084** 0.000 0.049* 0.048 0.029 0.276
Realistic–Unrealistic −0.002 0.888 −0.048** 0.007 −0.052** 0.004 −0.060** 0.002
Quiet–Loud −0.013 0.462 −0.057** 0.007 −0.053* 0.016 −0.051* 0.033
Colorful–Colorless −0.036* 0.032 0.051* 0.014 0.030 0.156 0.053* 0.021
Feminine–Masculine 0.081** 0.000 0.044* 0.027 0.037 0.068 0.021 0.328
Two–Three-dimensional 0.031* 0.036 −0.050** 0.006 −0.029 0.113 −0.007 0.719
Old–Young 0.043** 0.004 0.020 0.256 0.027 0.147 0.014 0.485
Professional–Unprofessional −0.126** 0.000 −0.029 0.219 −0.048 0.051 −0.048 0.069
Relaxed–Stiff −0.055** 0.002 −0.013 0.554 −0.033 0.137 −0.035 0.148
Strong–Weak −0.060** 0.000 −0.027 0.194 −0.012 0.564 −0.020 0.396
Happy–Sad 0.002 0.907 0.023 0.275 0.042 0.053 0.059* 0.012
Concrete–Abstract 0.024 0.118 0.015 0.413 0.031 0.103 0.039 0.057
Complex–Simple 0.004 0.800 −0.007 0.688 0.008 0.664 0.001 0.954
Cool–Warm 0.000 0.985 0.010 0.569 −0.002 0.911 0.013 0.489
Delicate–Rugged −0.003 0.832 0.008 0.672 0.011 0.595 −0.001 0.980
Expensive–Cheap −0.032 0.120 −0.005 0.829 −0.033 0.188 −0.025 0.354
Slow–Fast −0.018 0.354 0.015 0.547 0.015 0.547 0.043 0.110

*p < 0.05, **p < 0.01, statistically significant effects bolded.
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due to multicollinearity were supported by the results of the post-hoc
analyses (Table 6). Hidden significant effects were found when the
analyses were performed without the adjective pairs Beautiful–Ugly
and Good–Bad. This is probably caused by the general nature of the
adjective pairs that may cause some of the relevant effects to remain
undetected when they are kept in the model. Thus, in future research,
the initial model could be corrected in such a way that the adjective
pairs Beautiful–Ugly and Good–Bad are removed, as they may bias re-
lationships with other variables.

The results indicate that regarding the relationship between con-
sumer perceptions of app icons and their overall evaluation, the fol-
lowing ends of the semantic differentials positively predicted their
grade (Table 4): beautiful, good, unique, soft, exciting, active, colorful,
masculine, three-dimensional, young, professional, relaxed and strong.
Without the adjective pairs Beautiful–Ugly and Good–Bad, the fol-
lowing adjectives also revealed to be positive predictors of the overall
evaluation (Table 6): expensive, quiet, realistic, happy, and simple.

The following ends of the semantic differentials positively predicted

the willingness to click app icons (Table 4): beautiful, good, unique, soft,
exciting, active, realistic, quiet, colorless, masculine and two-dimensional.
Without the adjective pairs Beautiful–Ugly and Good–Bad, the fol-
lowing adjectives also revealed to be positive predictors of the will-
ingness to click (Table 6): professional, expensive, strong, relaxed, happy,
and young.

The following ends of the semantic differentials positively predicted
the willingness to download the imagined app that the icon belongs to
(Table 4): beautiful, good, unique, soft, exciting, active, realistic and quiet.
Without the adjective pairs Beautiful–Ugly and Good–Bad, the fol-
lowing adjectives also revealed to be positive predictors of the will-
ingness to download (Table 6): professional, expensive, strong, happy,
young, and simple.

The following ends of the semantic differentials positively predicted
the willingness to purchase the imagined app that the icon belongs to
(Table 4): beautiful, good, unique, soft, exciting, realistic, quiet, colorless
and sad. Without the adjective pairs Beautiful–Ugly and Good–Bad, the
following adjectives also revealed to be positive predictors of the
willingness to purchase (Table 6): professional, expensive, strong, relaxed,
and fast.

Additionally, both of the previous multiple linear regression models
(Tables 4 and 6) were performed with stepwise method to acquire a
more thorough understanding of the perceptions of icons (represented
by the 22 adjective pairs) and each of the four variables related to icon
successfulness (1. overall evaluation of the icon, 2. willingness to click
the icon, 3. willingness to download the imagined app and, 4. will-
ingness to purchase the imagined app). The purpose of these analyses
was to observe whether there are differences in which adjective pairs
are inserted in the models, in order to compare to the previous MLRA
models. Please refer to Tables 7 and 8 for results.

The stepwise regressions inserted 12 to 9 of the original 22 adjective
pairs in the final models per dependent (overall evaluation: 12, will-
ingness to click: 11, willingness to download: 12, and willingness to
purchase: 9). Nearly all variables in the models (except the adjective
pair Happy–Sad within the willingness to download in Table 8) were
statistically significant at the 0.05 or 0.01 level. These findings support
the results of the previous regression analyses (Table 4) in that the
adjective pairs inserted in the final models of the stepwise analyses
were nearly identical to the previous MLRA.

In order to compare the results to the post-hoc MLRA (Table 6), we
ran the stepwise regressions without the adjective pairs Beautiful–Ugly
and Good–Bad to find out if hidden relationships remained. Please refer

Table 5
VIF values.

VIF

Beautiful–Ugly 3.206
Good–Bad 3.494
Unique–Ordinary 1.326
Hard–Soft 1.924
Calm–Exciting 2.085
Passive–Active 2.570
Realistic–Unrealistic 1.368
Quiet–Loud 2.033
Colorful–Colorless 1.899
Feminine–Masculine 1.730
Two–Three-dimensional 1.443
Old–Young 1.420
Professional–Unprofessional 2.549
Relaxed–Stiff 2.065
Strong–Weak 1.922
Happy–Sad 1.963
Concrete–Abstract 1.503
Complex–Simple 1.338
Cool–Warm 1.350
Delicate–Rugged 1.760
Expensive–Cheap 2.725
Slow–Fast 2.579

Table 6
The relationship between consumer perceptions of icons and the willingness to click, download and purchase (excluding Beautiful–Ugly and Good–Bad).

Beta p Beta p Beta p Beta p
Grade (R2= 0.567) Click (R2= 0.521) Download (R2= 0.506) Purchase (R2= 0.408)

Unique–Ordinary −0.101⁎⁎ 0.000 −0.143⁎⁎ 0.000 −0.128⁎⁎ 0.000 −0.139⁎⁎ 0.000
Professional–Unprofessional −0.290⁎⁎ 0.000 −0.204⁎⁎ 0.000 −0.212⁎⁎ 0.000 −0.192⁎⁎ 0.000
Expensive–Cheap −0.182⁎⁎ 0.000 −0.165⁎⁎ 0.000 −0.182⁎⁎ 0.000 −0.157⁎⁎ 0.000
Hard–Soft 0.065⁎⁎ 0.001 0.071⁎⁎ 0.002 0.071⁎⁎ 0.002 0.067⁎⁎ 0.006
Strong–Weak −0.148⁎⁎ 0.000 −0.120⁎⁎ 0.000 −0.100⁎⁎ 0.000 −0.097⁎⁎ 0.000
Relaxed–Stiff −0.111⁎⁎ 0.000 −0.072⁎⁎ 0.002 −0.088⁎⁎ 0.000 −0.083⁎⁎ 0.001
Quiet–Loud −0.084⁎⁎ 0.000 −0.133⁎⁎ 0.000 −0.123⁎⁎ 0.000 −0.112⁎⁎ 0.000
Calm–Exciting 0.100⁎⁎ 0.000 0.099⁎⁎ 0.000 0.114⁎⁎ 0.000 0.073⁎⁎ 0.004
Realistic–Unrealistic −0.050⁎⁎ 0.002 −0.099⁎⁎ 0.000 −0.100⁎⁎ 0.000 −0.102⁎⁎ 0.000
Passive–Active 0.078⁎⁎ 0.000 0.106⁎⁎ 0.000 0.070⁎⁎ 0.009 0.048 0.090
Happy–Sad −0.101⁎⁎ 0.000 −0.086⁎⁎ 0.000 −0.062⁎⁎ 0.006 −0.032 0.185
Old–Young 0.060⁎⁎ 0.000 0.039* 0.048 0.043* 0.028 0.029 0.167
Colorful–Colorless −0.042* 0.027 0.045* 0.047 0.025 0.281 0.048* 0.046
Two–Three-dimensional 0.038* 0.022 −0.042* 0.032 −0.023 0.255 −0.001 0.951
Complex–Simple 0.039* 0.014 0.031 0.106 0.043* 0.025 0.032 0.113
Feminine–Masculine 0.065⁎⁎ 0.000 0.027 0.214 0.023 0.295 0.008 0.715
Slow–Fast 0.000 0.982 0.034 0.192 0.033 0.212 0.059* 0.036
Concrete–Abstract 0.029 0.084 0.021 0.293 0.036 0.073 0.044 0.042
Cool–Warm 0.006 0.721 0.016 0.395 0.004 0.847 0.018 0.364
Delicate–Rugged −0.016 0.384 −0.005 0.831 −0.001 0.969 −0.011 0.635

*p < 0.05, ⁎⁎p < 0.01, statistically significant effects bolded.
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to Tables 9 and 10 for results.
The stepwise regressions that were performed without the adjective

pairs Beautiful–Ugly and Good–Bad inserted 15 to 11 adjective pairs in
the final models per dependent (overall evaluation: 15, willingness to
click: 13, willingness to download: 14, and willingness to purchase: 11).
All variables in the models were statistically significant at the 0.05 or
0.01 level. The findings repeat our notion regarding the adjective pairs

Beautiful–Ugly and Good–Bad, namely, that several underlying sig-
nificant effects are revealed without these two adjective pairs with the
highest VIF scores (Table 5) in the model.

The stepwise regression results indicate that regarding the re-
lationship between consumer perceptions of app icons and their overall
evaluation, the following ends of the semantic differentials positively
predicted their grade (Table 7): good, beautiful, active, professional,

Table 7
Overall evaluation and the willingness to click (stepwise).

Step # Beta p Step # Beta p
Evaluation (R2= 0.656) Click (R2= 0.490)

1 Good–Bad −0.337⁎⁎ 0.000 1 Good–Bad −0.376⁎⁎ 0.000
2 Beautiful–Ugly −0.253⁎⁎ 0.000 2 Beautiful–Ugly −0.273⁎⁎ 0.000
3 Passive–Active 0.049⁎⁎ .004 3 Unique–Ordinary −0.122⁎⁎ 0.000
4 Professional–Unprofessional −0.142⁎⁎ 0.000 4 Passive–Active 0.095⁎⁎ 0.000
5 Unique–Ordinary −0.079⁎⁎ 0.000 5 Colorful–Colorless 0.050⁎⁎ 0.008
6 Calm–Exciting 0.066⁎⁎ 0.000 6 Calm–Exciting 0.074⁎⁎ 0.000
7 Old–Young 0.047⁎⁎ .001 7 Quiet–Loud −0.053⁎⁎ 0.009
8 Feminine–Masculine 0.071⁎⁎ 0.000 8 Feminine–Masculine 0.052⁎⁎ 0.004
9 Relaxed–Stiff −0.061⁎⁎ 0.000 9 Two–Three-dimensional −0.047⁎⁎ 0.006
10 Strong–Weak −0.060⁎⁎ 0.000 10 Realistic–Unrealistic −0.040* 0.012
11 Hard–Soft 0.052⁎⁎ .001 11 Hard–Soft 0.043* 0.015
12 Two–Three-dimensional 0.028* .036

⁎ p < 0.05.
⁎⁎ p < 0.01.

Table 8
The willingness to download and purchase (stepwise).

Step # Beta p Step # Beta p
Download (R2= 0.466) Purchase (R2= 0.372)

1 Good–Bad −0.363⁎⁎ 0.000 1 Good–Bad −0.324⁎⁎ 0.000
2 Beautiful–Ugly −0.233⁎⁎ 0.000 2 Beautiful–Ugly −0.217⁎⁎ 0.000
3 Unique–Ordinary −0.104⁎⁎ 0.000 3 Unique–Ordinary −0.134⁎⁎ 0.000
4 Calm–Exciting 0.088⁎⁎ 0.000 4 Happy–Sad 0.056* 0.011
5 Professional–Unprofessional −0.058⁎⁎ 0.007 5 Slow–Fast 0.066⁎⁎ 0.000
6 Quiet–Loud −0.055⁎⁎ 0.008 6 Realistic–Unrealistic −0.047⁎⁎ 0.007
7 Passive–Active 0.053* 0.011 7 Hard–Soft 0.058⁎⁎ 0.002
8 Happy–Sad 0.038 0.056 8 Professional–Unprofessional −0.062⁎⁎ 0.008
9 Realistic–Unrealistic −0.050⁎⁎ 0.004 9 Colorful–Colorless 0.051* 0.016
10 Concrete–Abstract 0.042* 0.021
11 Hard–Soft 0.053⁎⁎ 0.004
12 Feminine–Masculine 0.043* 0.021

⁎ p < 0.05.
⁎⁎ p < 0.01.

Table 9
Overall evaluation and the willingness to click excluding Beautiful–Ugly and Good–Bad (stepwise).

Step # Beta p Step # Beta p
Evaluation (R2 = 0.566) Click (R2 = 0.387)

1 Professional–Unprofessional −0.293⁎⁎ 0.000 1 Expensive–Cheap −0.170⁎⁎ 0.000
2 Happy–Sad −0.096⁎⁎ 0.000 2 Professional–Unprofessional −0.203⁎⁎ 0.000
3 Expensive–Cheap −0.189⁎⁎ 0.000 3 Unique–Ordinary −0.147⁎⁎ 0.000
4 Passive–Active 0.084⁎⁎ 0.000 4 Happy–Sad −0.075⁎⁎ 0.000
5 Unique–Ordinary −0.104⁎⁎ 0.000 5 Passive–Active 0.127⁎⁎ 0.000
6 Relaxed–Stiff −0.117⁎⁎ 0.000 6 Realistic–Unrealistic −0.089⁎⁎ 0.000
7 Strong–Weak −0.148⁎⁎ 0.000 7 Quiet–Loud −0.128⁎⁎ 0.000
8 Old–Young 0.063⁎⁎ 0.000 8 Strong–Weak −0.126⁎⁎ 0.000
9 Calm–Exciting 0.099⁎⁎ 0.000 9 Calm–Exciting 0.107⁎⁎ 0.000
10 Quiet–Loud −0.085⁎⁎ 0.000 10 Relaxed–Stiff −0.067⁎⁎ 0.002
11 Hard–Soft 0.070⁎⁎ 0.000 11 Complex–Simple 0.040* 0.031
12 Feminine–Masculine 0.059⁎⁎ 0.001 12 Hard–Soft 0.065⁎⁎ 0.003
13 Realistic–Unrealistic −0.046⁎⁎ 0.002 13 Two–Three-dimensional −0.047* 0.015
14 Colorful–Colorless −0.043* 0.021
15 Complex–Simple 0.032* 0.038

⁎ p < 0.05.
⁎⁎ p < 0.01.
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unique, exciting, young, masculine, relaxed, strong, soft and three-dimen-
sional. Without the adjective pairs Beautiful–Ugly and Good–Bad, the
following adjectives also revealed to be positive predictors of the
overall evaluation (Table 9): happy, expensive, quiet, realistic, colorful,
and simple.

The following ends of the semantic differentials positively predicted
the willingness to click app icons (Table 7): good, beautiful, unique, active,
colorless, exciting, quiet, masculine, two-dimensional, realistic and soft.
Without the adjective pairs Beautiful–Ugly and Good–Bad, the fol-
lowing adjectives also revealed to be positive predictors of the will-
ingness to click (Table 9): expensive, professional, happy, strong, relaxed,
and simple.

The following ends of the semantic differentials positively predicted
the willingness to download the imagined app that the icon belongs to
(Table 8): good, beautiful, unique, exciting, professional, quiet, active,
realistic, abstract, soft and masculine. Without the adjective pairs Beau-
tiful–Ugly and Good–Bad, the following adjectives also revealed to be
positive predictors of the willingness to download (Table 10): expensive,
relaxed, strong, simple, happy, and young.

The following ends of the semantic differentials positively predicted
the willingness to purchase the imagined app that the icon belongs to
(Table 8): good, beautiful, unique, sad, fast, realistic, soft, professional and
colorless. Without the adjective pairs Beautiful–Ugly and Good–Bad, the
following adjectives also revealed to be positive predictors of the
willingness to purchase (Table 10): expensive, relaxed, strong, quiet, ex-
citing, and abstract.

Lastly, we ran the MLRA models with the variable on how many
mobile games participants download per week as a control variable to
investigate systematic effect on rating. Section 3.1 (Table 1) stated that
the majority of participants (75.4%) did not download any game apps
on a weekly basis. Including this variable in the analyses did not alter
the ratings in a significant manner. The number of game apps down-
loaded had a statistically significant effect (β = −0.034, p < 0.01) in
the overall evaluation of the icon, but as the effect is quite small, it can
be considered irrelevant in these results.

5. Discussion

Using semantic differential scale (22 adjective pairs), this study
investigated the relationship between consumer perceptions of app
icons and icon successfulness, measured by 1) overall evaluation of the
icon, 2) willingness to click the icon, 3) willingness to download the
imagined app and, 4) willingness to purchase the app. The study design
was a vignette study, in which participants (n=569) were assigned to
evaluate 4 randomized icons from a total of pre-selected 68 game app
icons across 4 categories (concrete, abstract, character and text). This

resulted in a total of 2276 individual icon evaluations. The goal was to
discover aesthetic qualities that are likely to predict consumer behavior
related to clicking on app icons as well as downloading and purchasing
apps on app stores.

A clear pattern was displayed by the ratings of the MLRA including
all 22 adjective pairs (Table 4) in that the likelihood to icon success-
fulness can be predicted by the following set of adjectives: beautiful (vs.
ugly), good (vs. bad), and unique (vs. ordinary). Icons that were asso-
ciated with these adjectives projected a positive overall evaluation and
willingness to click the app icon as well as download and purchase the
imagined app. The polar opposite of these adjectives on the semantic
scale has an equally negative effect on the aspects of icon successful-
ness.

The adjectives “beautiful” and “good” were statistically significant
in all cases, which was to be expected. As the adjectives are of general
nature, they may reflect more of an overall estimate of aesthetic quality
of an icon which poses a potential limitation that should be considered
in future studies. Adjective pairs related to aesthetic qualities, such as
Colorful–Colorless, Realistic–Unrealistic and Two-dimensional–Three-
dimensional, are perhaps more specific in nature and thus express more
variation in the ratings seen on Table 4. Nevertheless, this insight is
valuable as it contrasts prior results (Shaikh, 2009) on onscreen type-
face design and usage that was implemented as a basis for our experi-
ment. Shaikh's (2009) results indicate that not all typefaces for online
content should convey beauty, particularly if it is not consistent with
the meaning and context of the text. The findings in this study indicate
that in app icon successfulness, beauty is an important factor in all cases
regardless of the context.

Prior research emphasizes the importance of icon uniqueness re-
lated to task performance and user preference (Arend et al., 1987;
Creusen and Schoormans, 2005; Creusen et al., 2010; Dewar, 1999;
Goonetilleke et al., 2001; Huang et al., 2002). The results in this study
support this notion as the adjective “unique” is statistically significant
in each of the four variables in the MLRA including all 22 adjective
pairs (Table 4) along with the post-hoc MLRA that were performed
without the adjective pairs Beautiful–Ugly and Good–Bad (Table 6).
Icon memorability is suggested as one of the key design elements for
app icons by the developer guides of leading app stores,6,7 which is
likely due to the large mass of app icon material available for con-
sumers on app stores. Uniqueness helps app icons stand out in a display

Table 10
The willingness to download and purchase excluding Beautiful–Ugly and Good–Bad (stepwise).

Step # Beta p Step # Beta p
Download (R2= 0.378) Purchase (R2= 0.304)

1 Expensive–Cheap −0.179⁎⁎ 0.000 1 Expensive–Cheap −0.153⁎⁎ 0.000
2 Professional–Unprofessional −0.210⁎⁎ 0.000 2 Professional–Unprofessional −0.197⁎⁎ 0.000
3 Relaxed–Stiff −0.080⁎⁎ 0.000 3 Unique–Ordinary −0.137⁎⁎ 0.000
4 Unique–Ordinary −0.125⁎⁎ 0.000 4 Relaxed–Stiff −0.095⁎⁎ 0.000
5 Calm–Exciting 0.119⁎⁎ 0.000 5 Realistic–Unrealistic −0.099⁎⁎ 0.000
6 Realistic–Unrealistic −0.100⁎⁎ 0.000 6 Strong–Weak −0.104⁎⁎ 0.000
7 Quiet–Loud −0.117⁎⁎ 0.000 7 Hard–Soft 0.076⁎⁎ 0.001
8 Passive–Active 0.080⁎⁎ .001 8 Slow–Fast 0.086⁎⁎ 0.000
9 Strong–Weak −0.106⁎⁎ 0.000 9 Quiet–Loud −0.116⁎⁎ 0.000
10 Hard–Soft 0.059⁎⁎ .007 10 Calm–Exciting 0.082⁎⁎ 0.001
11 Complex–Simple 0.054⁎⁎ .003 11 Concrete–Abstract 0.042* 0.038
12 Happy–Sad −0.055* .011
13 Concrete–Abstract 0.043* .027
14 Old–Young 0.042* .030

⁎ p < 0.05.
⁎⁎ p < 0.01.

6 Apple Developers, “App icon,” https://developer.apple.com/ios/human-
interface-guidelines/icons-and-images/app-icon/ (Accessed January 30, 2018).
7 Android Developers, “Iconography,” http://www.androiddocs.com/design/

style/iconography.html (Accessed January 30, 2018).
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of many other offerings. Hence, on the basis of the ratings in our ana-
lyses (Tables 4 and 6), we suggest that app icons need to be distin-
guishable to successfully attract consumers. Evidently, icon uniqueness
is a combination of multiple features. However notably, a comparison
between the four icon categories (abstract, concrete, character and text)
in this study indicate that abstract icons were perceived as unique more
often than icons from the other categories. Thus, abstract elements may
enhance perceived icon uniqueness.

The post-hoc MLRA that were performed without the adjective pairs
Beautiful–Ugly and Good–Bad (Table 6) exposed other significant ef-
fects in addition to icon uniqueness, that may perhaps explicate icon
successfulness on a more detailed level. The results in Table 6 indicate
that the likelihood to a higher overall evaluation as well as clicking,
downloading and purchasing can be predicted by the following ad-
jectives: professional (vs. unprofessional), expensive (vs. cheap), soft (vs.
hard), strong (vs. weak), relaxed (vs. stiff), realistic (vs. unrealistic), ex-
citing (vs. calm) and quiet (vs. loud).

Product presentation has been shown to affect consumer percep-
tions, meaning that if the presentation conveys high quality, consumers
also perceive the product to be of high quality, and vice versa in re-
lationship to low quality presentation (Silayoi and Speece, 2004). This
way, the representation can be favorable or unfavorable to the content.
The evidence in this study suggests that this theory may apply to app
icons, as both the adjectives “professional” and “expensive” convey
high quality. From the pool of the 68 game app icons used in this study,
these adjectives are associated with such aesthetic app icon qualities as
e.g. rounded corners, use of color gradient, shading and highlighting.

Prior research (Burgers et al., 2016) has established a connection
with positive consumer attitudes and the use of visual metaphors in app
icons. In consumer research, the use of metaphors has been shown to
enhance appreciation of a product, because it is much like solving a
puzzle, which rewards the consumer and thus inspires positive eva-
luations (Phillips and McQuarrie, 2009). For example, the product at-
tribute of softness can be metaphorically represented by feathers or
kittens, whereas strength can be represented by an image of a lion
(Fenko et al., 2018). The statistical significance of the adjectives “soft”
and “strong” highlights these prior observations. In this study, “soft”
which is the opposite of “hard”, is associated with such aesthetic app
icon qualities as e.g. desaturated colors and objects depicted in the icon
that are perceived as delicate, e.g. animal fur. On the other hand,
“strong” which is the opposite of “weak”, is associated with bold colors
and hard-rendered surfaces, as well as objects depicted in the icon that
are perceived powerful, e.g. a flying saucer or a hammer. It is believed
that positive emotion between consumer and product brings extra value
and increases the possibility of purchase (Cho and Lee, 2005). Fur-
thermore, positive impressions have been considered as an important
part of consumer perception (Yun et al., 2003). The statistical sig-
nificance of the adjectives “relaxed” and “quiet” emphasize this ob-
servation as they are emotionally engaging qualities that can be per-
ceived positive. Prior results have shown that vivid, highly saturated
colors are perceived as exciting by consumers (Labrecque and
Milne, 2011). The adjective “exciting”, which is the opposite of “calm”
in this study, supports these findings as the icons that received high
ratings for the adjective “exciting” express bold colors, similar to the
icons perceived as “strong”. The icons perceived as “exciting” also
highly correlate with the stimulus depicted in the icon, e.g. the face of
an angry dragon or riding a motorcycle.

Icon concreteness is the extent to which it depicts real objects
(Isherwood et al., 2007), whereas icon abstractness tends to have less
obvious connections with real objects (McDougall et al., 1999). In this
study, the positive ratings for the adjective “realistic” may be correlated
to icon concreteness, which has been proven a significant predictor in
icon effectiveness in prior studies (Hou and Ho, 2013; McDougall and
Reppa, 2008; McDougall et al., 1999, 2000; Moyes and Jordan, 1993;
Rogers and Oborne, 1987). However, the adjective “concrete” was
found to be of no significant effect in the results (Tables 4 and 6), which

justifies further research on the relationship of concreteness and realism
within the genre of app icons.

The main observation of the results is not only the similarities that
increase our insight into this topic, but also the differences in con-
junction with the recurrence of statistically significant variables that
may explicate consumer perceptions of app icons on a more detailed
level. In spite of the findings in the MLRA that were performed without
the adjective pairs Beautiful–Ugly and Good–Bad (Table 6), it is im-
portant to note that both “beautiful” and “good” are significant in
predicting consumer interaction with app icons.

The findings in this study exposed gaps in prior icon design theories,
which they did not replicate to the following extent. From the per-
spective of previous literature on effective icon design, the statistical
insignificance of the adjective pairs Concrete–Abstract and
Complex–Simple was unexpected. It has been widely speculated that
the Concrete–Abstract (e.g. Arend et al., 1987; Blankenberger and
Hahn, 1991; Dewar, 1999; Hou and Ho, 2013; Isherwood et al., 2007;
McDougall and Reppa, 2008; McDougall et al., 1999, 2000; Moyes and
Jordan, 1993; Rogers and Oborne, 1987) and Complex–Simple (e.g.
Choi and Lee, 2012; Goonetilleke et al., 2001; McDougall and Reppa,
2008, 2013; McDougall et al., 2016) relationship predicts icon suc-
cessfulness. However, the results of our experiment contrast this
statement as neither of the adjective pairs was statistically significant in
the first MLRA (Table 4). In the second MLRA (Table 6), the adjective
pair Complex–Simple was only marginally statistically significant in
two of the variables (i.e. overall evaluation and downloading). This
calls for more research on app icons, as the Concrete–Abstract and
Complex–Simple theories were initially established within other icon
genres and have not yet been explored further in relationship to app
icons.

5.1. Practical implications

Before setting practical implications, it is essential to understand the
scope of the empirical study and the scope of possible guidelines that
can be drawn. The broad objective of the study was to increase the
understanding of how people's aesthetic perceptions of graphical user
interface elements affect people's willingness to interact with those
elements. In this study, we selected game app icons as the oper-
ationalization and/or case of graphical user interface element, and self-
reported overall evaluation as well as willingness to click (the icon),
download and purchase the app related to the icon as operationaliza-
tion of GUI element successfulness. It should be noted that this study
did not measure or investigate the relationship between graphical fea-
tures of the icons and aesthetic perception. The study investigated re-
lationships between the aesthetic perception and willingness to in-
teract. Therefore, the study is unable to directly or reliably inform how
graphical user interface elements should be designed in terms of their
features, rather it can inform what kinds of aesthetic perceptions gra-
phical user interface elements (i.e. icons) should be brought to evoke.
Hence, the recommendations related to graphical features herein are
based on qualitative assessment of the mean scores of different ad-
jectives in icon ratings. The results and guidelines are directly applic-
able to the context of mobile (game) app icons, and with some hesita-
tion, all icons. The results could also be applied all the way up to
discussing best practices related to any graphical user interface ele-
ments but naturally with increased caution as the external validity di-
minishes the more general the context in which the knowledge from the
results is applied in. Naturally, more similar research is needed across
categories of GUIs to enforce and enrich the normative knowledge
surrounding the area. Practical implications directly following the
empirical results of the study are listed in the following.

Design implication 1: First and foremost, the results unsurprisingly
suggest that to increase consumer interaction in terms of app icon
successfulness (i.e. overall evaluation, willingness to click an icon as
well as download and purchase the imagined app behind the icon), the
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app icon should be perceived as high quality which is indicated by the
results where the following perceptions predicted app icon successful-
ness across the board (Tables 4 and 6): beautiful, good, professional, and
expensive. All these adjectives can be associated with general high
quality. If cursively investigating the icons that score high on these
perceptions, they seem to share some of the following features (Ap-
pendix A): transparent parts on the outer layers, color gradients,
shading and highlighting as well as high graphical fidelity.

Design implication 2: Separately from perceptions related to high
quality (implication 1), uniqueness was another strong predictor of icon
successfulness (Tables 4 and 6). Therefore, a successful app icon should
be unique and memorable to stand out from the app store masses where
there is a lot of icon material present. If cursively investigating the icons
that score high or low on the uniqueness–ordinariness continuum, they
seem to share some of the following features (Appendix A): 1) icons
rated as unique more commonly featured asymmetric and abstract
shapes, use of various ends of the color spectrum as well as elements
rarely encountered in daily life (e.g. a voodoo doll); 2) icons rated as
ordinary broadly portrayed concrete, static shapes as well as objects
typical to daily life (e.g. a house or a book).

Design implication 3: Beyond all perceptions that predicted all
other factors of icon successfulness, sadness (β = 0.059, p< 0.05) and
fastness (β = 0.066, p<0.01) weakly predicted willingness to purchase
the imagined app behind the icon (Tables 4 and 6). If cursively in-
vestigating the icons that score high on these factors, they seem to share
some of the following features (Appendix A): 1) icons rated as sad were
generally dominated by a desaturated or dark color palette (e.g. shades
of grey or pure black), and they depicted elements that can be perceived
as unpleasant; 2) icons rated as fast illustrated actions or objects that

are typically associated with being rapid (e.g. a motorcycle or an air-
plane). A related observation is that icons with high scores of percep-
tions for things that are generally regarded as positive do not ne-
cessarily lead to higher icon successfulness. The indication that sadness
predicts the willingness to purchase an app behind the icon is one ex-
ample of this. Moreover, high overall evaluation score does not auto-
matically lead to a high score in the willingness to click the icon, nor in
the willingness to download or purchase the imagined app. Thus, it can
be argued that app icons should incorporate more than one of the de-
sign implications in order to enhance the likelihood to consumer in-
teraction.

Purely as illustrative examples, Table 11 introduces icons with the
highest scores in overall evaluation of the icon design, the willingness
to click the icon, as well as the willingness to download and purchase
the imagined app. However, we wish to note again that this study did
not study the relationship between icon features and successfulness per
se. Therefore, any relationship between icon feature and success should
be regarded as background data augmenting the focus of the study that
was on the relationship between perception and successfulness.

5.2. Limitations and future research

App icon design is a complex matter with room for further in-
vestigation. This study was one of the first attempts to understand
consumer perceptions of app icon successfulness by utilizing game app
icons as data collection material. Moreover, this study attempted to rule
out non-significant adjectives to aid future research on this topic.
Nevertheless, this research has several limitations.

As is natural to any study, some compromises have to be made with

Table 11
Top 6 icons with the highest score in overall evaluation, willingness to click the icon, as well as download and purchase the imagined
app on a seven-point scale (1 = lowest and 7 = highest).
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regards to study design as it is impossible to include the entire relevant
phenomenon in the scope of a single study. In this study, as having all
possible icons or icon categories as stimulus material, we selected one
larger domain of iconography. We decided to select game app icons as
the stimulus material of the study as 1) mobile game app icons are
internally a homogenous category of graphical elements in the sense
that they all share the same size, same possible color space and thus
should eliminate unforeseen variability, 2) they are familiar to people
from before-hand and participants can more effortlessly imagine
countering such icons in their normal life, 3) game icons exhibit per-
haps more heterogeneity in possible styles compared with icons related
to utilitarian software/apps, and therefore, game apps may afford
greater external validity and/or generalizability across icons, 4) cur-
rently game apps represent a hugely timely phenomenon as game apps
are the most popular app category globally by several statistics.8,9,10

Icons of new game apps were chosen for this study to eliminate the
chance of app and icon familiarity and thus, systematic bias. Hence, the
set of icons in this study may not represent the icons of top grossing
game apps which consumers more commonly face on app stores.
Therefore, consumer perceptions may have been affected by the com-
parison of top grossing game apps and their icons. This should not be
regarded solely a limitation, as the sample of icons in this study re-
presents the majority of game icon material on app stores and may thus
give a more realistic perspective on consumer perceptions. However,
this might contribute to the fact that the icons used in this study re-
ceived ratings that can be perceived negative, e.g. ugly and cheap. The
sample in this study is a nonprobability convenience sample, therefore
it is not necessarily representative of all app store users.

Participants were uninformed about the purpose of the apps behind
the icons in the experiment, as this could affect the results. Knowledge
of the app may pose a risk of bias in user perceptions, thus the choice
was made to eliminate possible confounding variables influencing the
main objective of the study. This was further controlled by selecting
new game app icons for the experiment that were not widely known.
Therefore, this study may be limited in terms of external validity in
order to maximize internal validity.

The research question of this study was “How does aesthetic perception
of an icon lead to icon successfulness” (as measured via likelihood to click,
download, purchase and rate it highly). Hence, also our measurement is
focused on icon aesthetics. This study did not include other factors aside
from aesthetic qualities that contribute to a consumer's willingness to in-
teract with app icons. In this study, we measured participants’ self-reported
willingness to interact with the icons presented to them. Alternatively,
(intended) behavior could have also been tested by having participants
actively click or select icons, or in a field experiment in a real app store to
track user behavior. Due to the limitations of the measurement related to
the dependent variables used in this study, further investigations could
pursuit logging behavioral metrics to increase validity of the study.
However, in many cases collecting both the perceptual data on UI aesthetics
and user behavior simultaneously may prove difficult.

Future research could be expanded in several directions. For one, in-
vestigating the Concrete–Abstract and Simple–Complex relationship re-
garding app icons would be beneficial, because the findings in this study did
not support prior literature to that extent. Game app icons were used in this
study to maximize internal validity. This introduces a possibility for

conducting future research on other app icon types for comparative 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
beneficial to conduct a similar study with additional information on the app
context. Moreover, future research could map out how participants would
describe the imagined app behind the icon to see how icon design affects
perceptions on the purpose of the app. As this study employed a large-scale
quantitative approach, it provides a broad overview of the relationship
between consumer perceptions and app icons. To acquire further, in-depth
understanding of the topic, a qualitative approach is recommended. The aim
of this study was to explore aesthetic qualities that contribute to consumer
perceptions of app icon successfulness, yet other possible factors aside from
aesthetic qualities could also be studied in the future, e.g. the number and
type of downloaded apps and their effect on perceptions of icon success-
fulness. Finally, differences in perceptions between cultures, genders and
personalities would be an interesting approach for future research to aid
designing icons that correspond to the needs of different users.

6. Conclusion

This study explored how consumer perception affects app icon suc-
cessfulness from an aesthetic perspective. Aesthetic appeal is subjective,
which is a probable cause for variations in the results. However, the findings
show evidence of consensus that proves an empirical relationship on con-
sumer perceptions and icon successfulness. As the data sample in this study
is particularly extensive, the results may be regarded as a contribution to
overall knowledge. Revealing this phenomenon may be a building block
that eventually leads to further theoretical implications around this topic.
Furthermore, the design guidelines in this study assist app designers, de-
velopers and marketers when creating a key branding asset for app stores.
As such, this study has laid the groundwork for future research that aims to
understand consumer perceptions of app icons in graphical user interfaces
and online storefronts.
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Abstract

Purpose – Customization by segmenting within human–computer interaction is an emerging phenomenon.
Appealing graphical elements that cater to user needs are considered progressively important, as the way a
graphic is visually represented can greatly contribute to the interaction. However, aesthetic perceptions are
subjective and may differ by target group. Understanding variations in user perceptions may aid in design
processes; therefore, we set out to investigate the effects of demographic differences relating to perceptions of
graphical user interface (GUI) element (i.e. game app icon) aesthetics.
Design/methodology/approach – The authors employed a vignette experiment with random participant
(n 5 513) assignment to evaluate 4 icons from a total of 68 pre-selected mobile game icons using semantic
differential scales. This resulted in a total of 2052 individual icon evaluations. Regression analyses were
performed with the effects of age, gender and time using graphical user interfaces (i.e. app stores) and the
interactions of these variables relating to perceptions of GUI element aesthetics.
Findings –The results indicate that, overall, demographic factors have relatively little effect on how icons are
perceived. Significant relations suggest that experienced users, younger audiences andwomen aremore critical
in their perception of aesthetic excellence, and that perceptions change for younger women. The implications of
the findings are discussed via adaptive decision-making theory.
Originality/value – In the context of graphical user interface element aesthetics, demographic differences
have received minimal attention as moderating variables regardless of their relevance in design and
development. Hence, it merits further research.

Keywords Iconography, Aesthetics, Demographics, User perception, Graphical user interface,

Human–computer interaction

Paper type Research paper

1. Introduction
Demographic differences in designing aesthetically pleasing graphical user interface (GUI)
elements have become prevalent due to increasing demands for customization within
human–computer interaction (Norman, 2004; Tractinsky et al., 2000). As a wide variety of
daily communication is realized via user interfaces of different devices, designers are
presented with new opportunities and challenges to create visually effective GUI elements for
their targeted consumer group. Moreover, perceptions of successful (i.e. appealing) visual
aesthetics are subjective (Zen and Vanderdonckt, 2016), which complicates creating balanced
user experiences for critical masses. Especially in mobile environments, the adoption of
mobile game applications is a complex entity of varying perceptions, such as gender, content
price and quality and time spent playing mobile games (Pappas et al., 2019). Therefore,
insight into what aspects of GUI element aesthetics are preferred by segmentation is needed.

User interfaces that adapt to individual preferences have been shown to lead to higher
ratings in look and feel as well as long-term usage of platforms (Debevc et al., 1996; Hartmann
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et al., 2007a; Sarsam and Al-Samarraie, 2018). Considering that ineffective interface usability
tends to affect older age groups (Johnson and Finn, 2017) due to visual acuity changes
(Huang, 2013), and that age is likely to contribute to users’ skill level and experience with
technology (KnowItAll Ninja, 2016), it can be considered a meaningful factor in GUI
aesthetics and design which merits for further research on the topic.

Regarding gender differences in the field of human-computer interaction andvisual aesthetics,
the norm has been that preferences of male and female users differ to a significant degree
(Genuine, 2013); however, new trends ofmore unisex patterns have been discovered (Morris et al.,
2005). In the future, offering gender-neutral options for user interfaces could be one solution to the
possible minimizing of gender differences (Boiano et al., 2006). Due to the change of the cultural
atmosphere, there is a need to examine the effects of gender in this context.

Time interacting with interfaces contributes to impressions on aesthetics, nevertheless, this
topic has received relatively little attention especially considering mobile interfaces (Miniukovich
and De Angeli, 2014). Time affects several user attributes, preferences and expectations
(Hartmann et al., 2008; Th€uring andMahlke, 2007) that can lead to various outcomes concerning
interface design. The norms of device interaction suggest that, grave alterations to GUI designs
may hinder user adjustment and lead to frustration, and thus gradual changes are advised
(KnowItAll Ninja, 2016). As the frequency of use is related to aesthetic perceptions on a general
level, it is an important variable in determining the subjective experience.

Prior research has indicated that not only themain effects of age, gender and time are to be
investigated, but also the interactions of these demographics should be taken into account, as
significant relationships have been found between, e.g. age and gender on technology
adoption (Morris et al., 2005) as well as gender and time on mobile entertainment (Hsiao and
Chen, 2016; Pappas et al., 2019). Research regarding demographic differences in relation to
aesthetic perceptions of GUI elements is scarce at present. The rapid progress of GUI design
further justifies the current undertaking.

As described, different results exist on user interface aesthetics and the trends regarding
age, gender and time spent interacting with devices, thus more work is needed to understand
how the interplays of these particular demographics may offer a deeper understanding on
perceptions of GUI aesthetics, and how they may affect further design and research
processes. To address this gap, we observe user perceptions on GUI aesthetics based on
adaptive decision-making theory (Payne et al., 1993). Used in previous evaluations of interface
quality (e.g. Hartmann et al., 2007a, b, 2008), this approach allows interpreting the results with
a conception that user judgment is adaptive and based on the task, context and background-
experience. This theory is valid particularly in choice situations where no single alternative is
best on all attributes (Beresford and Sloper, 2008).

The large-scale quantitative demographic data in this study was collected via a vignette
experimentwith randomparticipant (n5 513) assignment,where the taskwas to evaluate 4 icons
from a total of 68 pre-selected game app icons across 4 categories (concrete, abstract, character
and text) using semantic scales. This resulted in a total of 2052 individual icon evaluations. Based
on the results, our study presents insight into the effects of age, gender and time using graphical
user interfaces (i.e. app stores) and the interactions of these variables relating to perceptions ofGUI
element aesthetics. Knowledge of these relations allows for theoretical and practical guidelines in
the design process of personalized graphical user interface elements.

2. Background
2.1 Aesthetics perceptions in graphical user interfaces
Visual aesthetics in graphical user interface design can be defined as aesthetically pleasing or
attractive computer-based environments, reflecting the format in which the content and
services are presented as well as the design look and feel and overall experience with a system
(Ahmed et al., 2009; Hartmann et al., 2007b; Jennings, 2000). As a research field, it focuses on the

INTR



user’s subjective judgment on how aesthetic a system or a product is (Lee andKoubek, 2011), an
increasingly important area in human–computer interaction due to the wide adaptation of
devices for everyday actions. Aesthetics within human–computer interaction can be divided
into classical and expressive aesthetics (Ahmed et al., 2009; Hartmann et al., 2008; Lavie and
Tractinsky, 2004). Classical aesthetics refers to clear designs, whereas expressive aesthetics
refer to more creative designs. Especially concerning interface icons, aesthetic appeal has been
described asmild aesthetic experiences that refer to the power to attract users (McDougall et al.,
2016). In system design, the structure of information has been linked with perceived aesthetics
aswell as usability (Ahmed et al., 2009; Cyr, 2009). Interactionwith user interfaces is realized via
graphical elements providing intuitiveness and immediate visual feedback, such as windows,
menus and icons (Linux Information Project, 2004). Aesthetics in graphical user interface
design has been proven an integral part of a positive user experience as well as user
engagement (Kurosu and Kashimura, 1995; Ngo et al., 2000; Overby and Sabyasachi, 2014;
Salimun et al., 2010; Tractinsky et al., 2000). Positive user experience is important for successful
human-computer interaction, as the user may abandon an interface that is related with a
negative experience. User experience is connected to visual aesthetics to an increasing extent
(Debevc et al., 1996; Hartmann et al., 2007a; SarsamandAl-Samarraie, 2018); hence, an attractive
user interface is important when aiming for successful human-computer interaction as well as
positive commercial performance (Gait, 1985; Lin and Yeh, 2010).

Perceptions of effective visual aesthetics have been attempted to assess via various
theories and tools (e.g. Choi and Lee, 2012; Hassenzahl et al., 2003; Maity et al., 2015; Ngo et al.,
2000; Ngo, 2001; Ngo et al., 2003; Salimun et al., 2010; Zen and Vanderdonckt, 2016), yet robust
guidelines for designing GUI elements are lacking due to the complexity of the topic. Prior
research (Maity et al., 2015; Ngo et al., 2000) has found correlations between metric-based
aesthetic value and the aesthetics ratings of design experts, artists and users. However, these
results were only partly supported by a similar study (Zen andVanderdonckt, 2016). Another
study (Salimun et al., 2010) contrasted prior literature (Ngo, 2001; Ngo et al., 2003) in that some
metrics, such as symmetry and cohesion, influence results more than others. In addition to
metric-based instruments, aesthetic value of graphical user interfaces has been measured by
survey-based methods (Choi and Lee, 2012; Hassenzahl et al., 2003; Jylh€a and Hamari, 2020)
aligned with user perceptions. Prior contradictory results in evaluation theories and tools of
aesthetics in interface research are perhaps due to analyzing user interfaces as entities (Zen
and Vanderdonckt, 2016). As user interfaces essentially consist of several elements with
different purposes, it motivates investigating GUI elements separately rather than as an
entity. Therefore, in this study, we scaled the sample into single interface components, i.e.,
icons.While icons do not constitute a GUI solitarily, icon-based interfaces are highly common
at present. This justifies using icons as study material for evaluating the effect of
demographic differences within user perceptions of GUI element aesthetics.

2.2 Demographic differences in interaction design
Prior literature on the effects of demographic differences in human-computer interaction and
aesthetics suggests an impact on user perceptions, motivations and design processes
(Creusen, 2010; Johnson and Finn, 2017; Oyibo et al., 2016, 2018). However, in the context of
graphical user interface element aesthetics, demographic differences have received minimal
attention as moderating variables (Oyibo et al., 2018). Advancing knowledge in the topic is
beneficial to scholars and practitioners alike as contributions of this studymay be adapted in
further examining and designing user interface systems within the context of human–
computer interaction.

Regarding interface design and age, it has been indicated that younger people tend to
focus more on hedonic pleasure, whereas older people prefer a more utilitarian approach
(Hsieh et al., 2004; Johnson and Finn, 2017; Wallendorf and Arnould, 1988). Research has
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shown that younger people are more critical towards aesthetics than older people, who were
found to be indifferent about color schemes, while younger people were found to prefer
moderate-temperature (green and orange) to extreme temperature (blue and red) color
schemes (Oyibo et al., 2018). Thus, interface designers are prompted to put effort in aesthetics
considerations in order to appeal to younger audiences. Prior studies regarding age and
technology have indicated a digital divide between generations in which younger age groups
are less affected by social influence due to early technology adoption (Morris and Venkatesh,
2000; Venkatesh et al., 2000). Moreover, older generations tend to experience more anxiety
relating to human-computer interaction than younger people, as the process of adapting to
new devices may be more time-consuming with age due to the diminishing of cognitive
abilities such as memory capacity, symbol and language comprehension (Chung et al., 2010;
Creusen, 2010; Johnson and Finn, 2017; Rousseau et al., 1998). Therefore, prior literature
(Johnson and Finn, 2017) has suggested a number of design guidelines (e.g. the use of large
fonts, maintaining visual consistency) in order to accommodate the aging population.
Differences in perceptions between young and old users and the digital divide between age
groups in today’s society motivates for further observation of age in this context.

Concerning the effects of gender, implications have been made in terms of decision-
making and information processing in that male users concentrate more on pragmatic
aspects of technology, while female users are driven by social motivators (Sun and Zhang,
2006; Venkatesh and Morris, 2000). This means that in general, men are more orientated
towards completing tasks and achievements than women (Hoffman, 1972; Minton and
Schneider, 1980). On the other hand, women are more concerned with influential motivators
and have been considered to be less likely to enjoy the use of information technology
(Creusen, 2010; Hoffman, 1972; Venkatesh and Morris, 2000). Relating to interface design,
males tend to prefer functional aspects (i.e. usability and symmetry), while females prefer
expressive aspects (i.e. beauty and emotional value) (Creusen, 2010; Henry, 2002; Oyibo and
Vassileva, 2017; Tuch et al., 2010; Wallendorf and Arnould, 1988). In this regard, men can be
considered more instrumental, whereas women are more symbolic and concerned with
appearance. Furthermore, females have been found to be more sensitive to color and visual
complexity in the context of user interfaces than males (Creusen, 2010; Reinecke and Gajos,
2014; Smith, 1995). A study in the context of mobile service adoption found no gender
differences (Leong et al., 2013). However, this has been countered by discovering that male
and female users of mobile systems have different motivations, for example, males favor
status and value and females prefer social and utilitarian orientations (Liu and Guo, 2017).
This raises the need to examine the effect of gender especially in mobile environments.

In addition to age and gender, the effects of time using graphical interfaces (i.e. app stores)
is to be taken into account. Prior literature has indicated that time affects user attributes, such
as knowledge and skill level, as well as perceptions of system features, such as design and
functionality (Lee and Koubek, 2011; Th€uring andMahlke, 2007). Frequent use of devices has
shown to affect user preferences and expectations of visual aesthetics (Lee and Koubek,
2011). Moreover, users have been found to be selective with aesthetics based on experience
(Hartmann et al., 2008). Prior research on mobile entertainment has identified that time spent
interacting with mobile systems affect user intentions and motivations, such as mobile game
preference (Hsiao and Chen, 2016) and the level of investment on downloading mobile games
(Pappas et al., 2019). Involvement with GUI elements may impact users in several ways in
regards to skill level, user experience, decision-making processes and perceptions of
aesthetics. However, this topic has received relatively little attention especially considering
mobile interfaces (Miniukovich and De Angeli, 2014). On the basis of prior literature and due
to the lack of recent research, time is considered a valid factor in this study.

Demographic effects in the context of technology have shown to form multiple
configurations of causal conditions. Prior research on technology adoption (Morris et al., 2005)
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has found a trend formore unisex pattern among younger people, suggesting that both younger
women and men have received greater exposure to technology compared with the older
generation, thus minimizing gender differences in this area. Furthermore, prior literature
(Pappas et al., 2019) has found a link between gender, content price and quality, as well as time
spent playingmobile games: females who spend a lot of time playing games are more willing to
overspend if the content is of high quality. This justifies the interpretation of effects between
variables with respect to each other. Therefore, in addition to the independent variables age,
gender and time, we employ the interaction effects of these variables. Interactions assess the
relationship between an independent variable and dependent variable, moderated by a third
variable (Aiken and West, 1991). This indicates that a third variable might influence the
relationship between an independent and dependent variable, allowing for the observation of a
more complex model where not only the main effects are studied. This can greatly expand
understanding the relationships among variables in the model (Sweet and Grace-Martin, 2011).

2.3 Aesthetics, demographics and adaptive decision-making theory
In this paper, we observe user perceptions of GUI aesthetics in a theoretical framework of
adaptive decision-making. The adaptive decision-making theory posits that an individual’s
use of decision strategies is an adaptive response of a limited-capacity information processor
to the demands of complex decision tasks (Payne et al., 1993). A person’s repertoire of
decision-making strategies depends on many factors, such as cognitive development,
experience, and more formal training and education (Hartmann et al., 2007a). As prior
knowledge determines which strategies are available to a decision-maker, our elaboration of
this theory hypothesizes that age, gender and experience are amongst the variables that
affect decision-making behavior, contributing to individual differences.

The handful of studies that have investigated the relationship between interface
aesthetics and demographics from the perspective of adaptive decision-making theory
have consensus that the user’s background plays an important role in the judgment of
aesthetic appeal (Hartmann et al., 2007a, b, 2008). These studies on aesthetics, usability and
content relating to user interfaces theorize that preferences for user interface designs when
the scenario of use is critical will be based on in-depth consideration, whereas for less
serious scenarios, preferences will be based on selecting designs by general aesthetic
impressions. The studies conclude that design priorities for aesthetics should bematched to
user profile. Designers should not only know their audience, but also the audience’s
decision-making habits (i.e. preferences and expectations) that depend on interactions
between decision-making criteria (e.g. design qualities such as content, aesthetics,
functionality, usability).

As literature on this topic is limited, further investigation is justified. In the milieu of this
theoretical framework and the study experiment, we expect users to evaluate the icon
material by the strategy of desirability to the decision maker, a trait that is likely to be
affected by demographic factors and background-experience. In particular, we hypothesize
that the pattern of women being more drawn to the expressive aspects than men will
continue, and that the time interacting with devices will have an effect on perceptions of
visual aesthetics, i.e., the more time is spent, themore critical the users are towards the design
aspects.

3. Methods and data
3.1 Participants
A nonprobability convenience sample was composed initially of 569 respondents who each
assessed 4 game app icons through a survey-based within-subjects vignette experiment.
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Awithin-subjects approach was chosen as opposed to between-subjects approach in order to
expose each participant to all conditions (i.e. 4 icon evaluations by category) of the
experiment. Due to insufficient representation, 15 responses without identifiable gender were
removed. Additionally, 41 responses from older age groups were identified as outliers and
removed, resulting in a total of 513 respondents with 2052 icon evaluations. Please refer to
Table 1 for demographic details of participants.

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.
The majority of participants resided in Finland (93.0%). The gender split across participants
was rather equal, as only slightly more than half were male (52.4%). The mean age was 25.49
years (SD5 4.67 years; 16–39 years). As the majority of the respondents were from the same
age group, the results of this study can be considered more representative of younger age
groups. Most participants were university students (65.7%) and had a university-level
education (41.1%). The majority of participants (40.2%) browsed app stores once per week.
Most participants (75.6%) did not download any game apps on a weekly basis. Missing data
(1.8%) was encountered for these two aforementioned items, as the frequency of app store
usage and mobile game downloads were only asked from those who use a smartphone. To
counter possible bias in the experiment, participants who did not download game apps
frequently were instructed to answer based on their expectations of game app icons they

n %

Gender Male 269 52.4
Female 244 47.6

Age by gender (SD 5 4.67)
(Mean 5 25.49)
(Median 5 25.00)

�19 Male 14 2.7
Female 8 1.6
Total 22 4.3

20–24 Male 105 20.5
Female 120 23.4
Total 225 43.9

25–29 Male 103 20.1
Female 75 14.6
Total 178 34.7

30–34 Male 27 5.3
Female 26 5.0
Total 53 10.3

35–39 Male 20 3.9
Female 15 2.9
Total 35 6.8

Times browsing app stores 0 147 28.7
1 206 40.2
2 74 14.4
3 34 6.6
4 10 1.9
5 12 2.3
More than 5 21 4.1
Missing 9 1.8

Game apps downloaded (per week) 0 388 75.6
1 94 18.3
2 13 2.5
3 7 1.4
4 2 0.4
Missing 9 1.8

Table 1.
Demographic
information

INTR



might interact with. Two participants were randomly chosen and awarded a prize (Polar
Loop 2Activity Tracker). No other participation feeswere paid. Participants were informed of
the purpose of the study and assured anonymity.

3.2 Materials
Sixty-eight game app icons fromGoogle Play Store were selected for the study. The decision to
narrow down the sample to game app icons was made to eliminate further variability that
might stem from the nature of the app and thus increase internal validity of the experiment, but
also external validity in terms of results applied to the game icons. In order to avoid any
systematic bias, 4 icons corresponding to dominant icon styles (concrete, abstract, character
and text) were selected from each of 17 categories for game apps (action, adventure, arcade,
board, card, casino, casual, educational, music, puzzle, racing, role playing, simulation, sports,
strategy, trivia and word). Because icon design for app stores is category-dependent (Shu and
Lin, 2014), we considered it justified to include icons from all categories. Prior literature
highlights the relevance of concreteness and abstractness in icon design (e.g. Arend et al., 1987;
Blankenberger and Hahn, 1991; Dewar, 1999; Hou and Ho, 2013; Isherwood et al., 2007;
McDougall and Reppa, 2008; McDougall et al., 1999; McDougall et al., 2000; Moyes and Jordan,
1993; Rogers and Oborne, 1987); hence, they were included in this experiment. Looking at the
icons on app stores, characters and typography are prevalent elements usually seen on app
icons. It has been argued that faces on app icons are widely used because of the immediate
impact and memorability they have due to neural processing of facial expressions (Chartboost,
2015). Furthermore, as the study design is based on prior research (Shaikh, 2009) on onscreen
typeface and usage, text elements were included. During the selection phase we ensured that
one icon from each category was dominantly characteristic of one of these 4 attributes.

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 experiment 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.Moreover, the goal was to have as visually rich a sample
of icons as possible, meaning that several different computer graphic techniques were
included, such as 2D and 3D rendered images. The icons are presented in Table 2.

3.3 Measurements
Semantic differential scale was used to measure respondent evaluations of aesthetic aspects
of the icons. A total of 22 adjective pairs was formulated and assigned to each icon. The
polarity of the adjective pairs was reversed so that perceivably positive and negative
adjectives did not align on the same side of the scale. All of the adjective pairs were chosen
according to prior research (Shaikh, 2009) on onscreen typeface design and usage.
Additionally, adjectives related to icons were added as suggested per previous literature on
effective icon design. These adjectives include concrete and abstract (Arend et al., 1987;
Blankenberger and Hahn, 1991; Dewar, 1999; Hou and Ho, 2013; Isherwood et al., 2007;
McDougall and Reppa, 2008; McDougall et al., 1999, 2000; Moyes and Jordan, 1993; Rogers
and Oborne, 1987), simple and complex (Choi and Lee, 2012; Goonetilleke et al., 2001;
McDougall and Reppa, 2008; McDougall and Reppa, 2013; McDougall 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 were added to specifically measure the aesthetics of the icons include professional and
unprofessional, colorful and colorless, realistic and unrealistic as well as two-dimensional and
three-dimensional (Jylh€a and Hamari, 2019).
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Category Concrete Abstract Character Text
Action

Adventure

Arcade

Board

Card

Casino

Casual

Educational ¨+

Music

Puzzle

Racing

Role 
Playing

Simulation

Sports

Strategy

Trivia

Word

Table 2.
Icons in the study
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Developed further into a five-factor model entitled VISQUAL (Jylh€a and Hamari, 2020), an
instrument for measuring visual qualities of graphical user interface elements, the scale was
used to observe underlying latent constructs in this study. VISQUAL consists of the
aforementioned adjective pairs that were further divided into the following dimensions:
Excellence/Inferiority, Graciousness/Harshness, Idleness/Liveliness, Normalness/Bizarreness
and Complexity/Simplicity.

Table 3 lists the VISQUAL constructs and adjective pairs. Two versions of the model
exist, the initial model with 22 adjective pairs and an adjusted model of 15 adjective pairs. In
Table 3, the bolded adjective pairs represent those included in the adjusted model of 15
adjective pairs. Table 3 also presents an overview of the means and standard deviations.
There were no outlier values and the range between the lowest and highest scores clustered
closely to the average even though the 68 icons were quite different from each other. All the
mean scores were between 3.5 and 4.5 for each evaluation. This indicates little skewness in
the data.

Additional to the semantic scales, a seven-point Likert scale was utilized to measure the
degree of disagree-agreement of the respondents with respect to the likelihood of them
clicking, downloading, and purchasing the imagined app behind the icon with an instruction
title: “Overall evaluation (judging by the icon alone)” followed by questions: “Compared to the
mobile game icons I usually click, I would click this icon,” “Compared to the icons of mobile
games I usually download, I would click this icon” and “Compared to the icons of mobile
games I usually purchase, I would click this icon.” Respondents were provided the following
options on the seven-point scale: “Strongly disagree,” “Disagree,” “Somewhat disagree,”
“Neither agree nor disagree,” “Somewhat agree,” “Agree” and “Strongly agree.” Moreover,
respondents were asked to give an overall evaluation score for the design of each icon by
grading them on a seven-point scale to further assess consumer perceptions of icon
successfulness.

Factor Adjective pair Mean SD

Excellence/ Good–Bad 4.34 1.641
Inferiority Professional–Unprofessional 4.22 1.736

Beautiful–Ugly 4.57 1.618
Expensive–Cheap 4.83 1.563
Strong–Weak 3.93 1.464

Graciousness/ Soft–Hard 3.81 1.545
Harshness Relaxed–Stiff 4.47 1.560

Masculine–Feminine 4.34 1.388
Delicate–Rugged 4.42 1.368
Happy–Sad 3.80 1.507
Colorful–Colorless 3.77 1.810
Warm–Cool 3.97 1.436

Idleness/ Fast–Slow 3.87 1.576
Liveliness Quiet–Loud 4.12 1.601

Exciting–Calm 3.96 1.452
Active–Passive 3.97 1.708
Young–Old 3.98 1.611

Normalness Concrete–Abstract 4.03 1.998
Bizarreness Realistic–Unrealistic 4.22 1.592

Ordinary–Unique 4.60 1.651
Complexity/ Simple–Complex 4.69 1.669
Simplicity Three-dimensional–Two-dimensional 3.33 1.863

Table 3.
Constructs in

VISQUAL, means and
standard deviations
(adjusted 15 model

items italics)
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3.4 Procedure
The data was collected through a survey-based vignette experiment. Respondents were
provided the purpose of the study after which they were guided to fill out the survey. The
survey consisted of three or four parts depending on the choice of response. The first 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 specific 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
smartphone in the first part, they were assigned directly to the third part.

In the third part, the respondent was asked to evaluate app icons using seven-point
semantic differential 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, the closer you
choose to the left or right adjective, the better you think it fits to the adjective. If you choose
the middle space, you think both adjectives fit equally well.” The respondent was reminded
that there are no right or wrong answers andwas 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 an initial “In my opinion, this icon is. . ..” Each respondent was
randomly assigned four icons to evaluate, one from each category of pre-selected icon
attributes (abstract, concrete, character and text). After the semantic scales, the participant
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.
Last, demographic information (age, gender, etc.) was asked. The survey took about
10minutes to complete. The surveywas implemented via Surveygizmo, an online survey tool.
All content was in English. The data was analyzed with IBM SPSS Statistics version 24 and
Microsoft Office Excel 2016. The following section describes the results of the analysis.

4. Results
Regression analyses on the dependent variables (VISQUAL models and individual adjective
pairs) were performed with age, gender and times browsing app stores (per week), as well as
with the interaction terms of independent variables, namely age 3 gender, age 3 time,
gender3 time and age3 gender3 time. In the analyses, the ratio-scale variable of age and
time was used instead of the ordinal scales in Table 1. The independent variables age and
time were centered prior to the analyses (Aiken and West, 1991), and the interaction terms
were created from the prior centered variables. Prior to the analyses, multicollinearity test
was performed on the independent variables as well as the interaction terms with variance
inflation factors (VIF). No critical levels ofmulticollinearity were found between the variables.
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. First, regression analyses according to the VISQUAL model with 15
adjective pairs were performed. Please refer to Tables 4 and 5 for regression results.

When examining the results for statistically significant effects concerning age, gender and
time, the results indicate that age (β 5 �0.152, p 5 0.033) affects the Excellence/Inferiority
dimension.

When observing these results, some statistically significant interactions between the
independent variables were found. A two-way interaction between age and gender was found
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for the dimension Excellence/Inferiority (β5 0.170, p5 0.17). Concerning age and time, a two-
way interaction was found for the dimension Normalness/Bizarreness (β 5 0.167, p 5 0.37).
No significant effect was found between gender and time or age, gender and time.

Second, regression analyses on the dependent variables according to the VISQUALmodel
with 22 adjective pairs were performed. Refer to Tables 6 and 7 for regression results.

Here, the results indicate that age (β 5 �0.170, p 5 0.17) and time browsing app stores
(β 5 0.173, p 5 0.41) affect the Excellence/Inferiority dimension.

Similar to the previous regression analyses (Table 5), a two-way interaction between age
and gender was found for the dimension Excellence/Inferiority (β 5 0.193, p 5 0.007).
Concerning age and time, a two-way interaction was found for the dimension Normalness/
Bizarreness. (β 5 0.208, p 5 0.009). Additionally, a three-way interaction was found for the
dimension Normalness/Bizarreness for age, gender and time (β 5 �0.182, p 5 0.025). No
significant effect was found between gender and time.

Lastly, regression analyses on the dependent variables as the individual 22 adjective pairs
were performed. Refer to Tables 8 and 9 for regression results (organized per significant
effects for further clarification).

When examining the results for statistically significant effects concerning age, gender and
time, the adjective pairs expensive–cheap (β 5 �0.163, p5 0.022), strong–weak (β 5 �0.172,
p 5 0.015), professional–unprofessional (β 5 �0.164, p 5 0.022) and soft–hard (β 5 0.157,
p 5 0.027) were predicted by age. Regarding gender, soft–hard (β 5 0.058, p 5 0.10) and
warm–cool (β 5 0.053, p 5 0.019) were predicted by gender. Finally, the adjective pair
ordinary–unique (β5�0.175, p5 0.039) was affected by time spent browsing app stores on a
weekly basis.

When examining these results, several statistically significant interactions between the
independent variables were found. A two-way interaction between age and gender was found
for the adjective pairs expensive–cheap (β 5 0.177, p 5 0.013), strong–weak (β 5 0.203,
p5 0.004), professional–unprofessional (β5 0.181, p5 0.011), ordinary–unique (β5�0.156,
p 5 0.028) and good–bad (β 5 0.147, p 5 0.039). Concerning age and time, a two-way
interaction was found for the adjective pair concrete–abstract (β5 0.170, p5 0.033). A three-
way interaction between age, gender and time was found for the adjective pairs concrete–
abstract (β 5 �0.166, p 5 0.040) and exciting–calm (β 5 �0.162, p 5 0.046). No significant
effect between gender and time was found.

5. Discussion
This study investigated the effects of age, gender and time using graphical user interfaces (i.e.
app stores) relating to perceptions of GUI element (i.e. game app icon) aesthetics. The results

Beta t p Beta t p Beta t p
Age Gendera Time

Excellence–Inferiority �0.152* �2.134 0.033 0.008 0.346 0.729 0.159 1.877 0.061
Graciousness–
Harshness

0.045 0.635 0.525 �0.011 �0.496 0.620 0.044 0.513 0.608

Idleness–Liveliness �0.064 �0.899 0.369 �0.018 �0.790 0.430 0.075 0.883 0.377
Normalness–
Bizarreness

�0.014 �0.202 0.840 �0.030 �1.331 0.183 0.112 1.321 0.187

Complexity–Simplicity �0.020 �0.933 0.351 0.024 1.125 0.261 0.032 1.435 0.151

Note(s): *5 p < 0.05, **5 p < 0.01, statistically significant effects italicized. aFemales were coded with the
higher variable value

Table 4.
Regression analyses
(15 items) adjusted

model with age, gender
and time spent

browsing app stores
(per week)
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Table 5.
Regression analyses
(15 items) with Age 3
Gender, Age 3 Time,
Gender 3 Time, and
Age3 Gender3 Time
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indicate that, overall, demographic factors have relatively little effect on how icons are
perceived.

Observing the effects concerning age, gender and time with the VISQUAL models as
dependent variables (Tables 4 and 6), statistically significant effects were found for age and
time within the Excellence/Inferiority dimension. The negative correlation regarding age
implies that the older the user, the more excellent (i.e. good, professional, beautiful, expensive,
and strong) the icons were perceived, and the younger the user, the more inferior (i.e. bad,
unprofessional, ugly, cheap and weak) the icons were perceived. This finding supports prior
literature where younger audiences were found to be more critical towards GUI aesthetics
than older audiences (Oyibo et al., 2018). This might be explained by the notion that younger
people tend to focusmore on hedonic pleasure than older people (Hsieh et al., 2004;Wallendorf
and Arnould, 1988). The positive correlation concerning time suggests that the more time the
user spends interacting with the interface, the less appealing the icons were rated. With the
increase of time, users will naturally adapt to icon aesthetics that essentially repeat similar
patterns, which may lead to developing a critical eye towards graphical elements. This way
the users establish a taste for iconography over time, whichmight make users more selective.

Interaction effects were found between age and gender, age and time, as well as age,
gender and time for the VISQUAL models (Tables 5 and 7) on the dimensions Excellence/
Inferiority and Normalness/Bizarreness. On the basis of the positive correlation between age
and gender, especially younger male users perceived the icons as excellent, and especially
older female users perceived the icons as inferior. This finding is similar to prior literature in
the way that women have been shown to appreciate aesthetics more than men, and might
thus be more critical towards design aspects (Creusen, 2010; Oyibo and Vassileva, 2017).
Likewise, early technology adoption within younger age groups and especially men (Morris
and Venkatesh, 2000; Venkatesh et al., 2000) might lead to better ratings, as they are perhaps
generally more used to viewing game app icons. The positive interaction between age and
time on the Normalness/Bizarreness dimension suggests that the perception of normalness
(i.e. concrete, realistic, ordinary) tends to increase with time spent interacting with interfaces.
The negative three-way interaction between age, gender and time on the same dimension
further indicates that especially younger women evaluated icons as more normal when more
timewas spent using app stores. This suggests that icon aestheticsmight be difficult to grasp
in the beginning, which eventually changes as the user continues interacting with the
interface. As noted previously, users tend to adapt to icon aesthetics thus losing some of their
perceived uniqueness.

When examining the results concerning age, gender and time with individual adjective
pairs as dependent variables (Table 8), age affected expensive–cheap, strong–weak,

Beta t p Beta t p Beta t p
Age Gendera Time

Excellence–
Inferiority

�0.170* �2.393 0.017 0.002 0.069 0.945 0.173* 2.046 0.041

Graciousness–
Harshness

0.071 1.001 0.317 0.023 1.004 0.316 0.035 0.407 0.684

Idleness–Liveliness �0.044 �0.616 0.538 �0.030 �1.309 0.191 0.107 1.256 0.209
Normalness–
Bizarreness

0.037 0.520 0.603 �0.020 �0.908 0.364 0.013 0.155 0.877

Complexity–
Simplicity

0.067 0.946 0.344 0.029 1.297 0.195 0.105 1.241 0.215

Note(s): *5 p < 0.05, **5 p < 0.01, statistically significant effects italicized. aFemales were coded with the
higher variable value

Table 6.
Regression analyses
(22 items) with age,

gender and time spent
browsing app stores

(per week)

Demographic
effects in

aesthetic GUI
perceptions
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Table 9.
Regression analyses
with Age 3 Gender,
Age 3 Time, Gender
3 Time, and Age 3
Gender 3 Time
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professional–unprofessional and soft–hard. The negative correlation for expensive–cheap,
strong–weak and professional–unprofessional, as well as the positive correlation for soft–
hard, indicates that the younger the user, the cheaper, weaker, unprofessional and harder the
icons seemed. This strengthens the finding that young people are critical towards GUI
aesthetics and perhaps more used to seeing app icons in general, leading to relatively poor
evaluations. Gender differences were found for the adjective pairs soft–hard and warm–cool,
indicating that female users perceived icons as harder and cooler compared to male users.
These findings show that icon aesthetics are in certain ways perceived more harshly by
women than men, perhaps relating to prior findings of women shown to be more sensitive to
visual complexity (Creusen, 2010; Reinecke and Gajos, 2014; Smith, 1995). Time spent
browsing app stores affected the adjective pair ordinary–unique. Hence, the longer the users
spend time browsing app stores, the more ordinary the icons were perceived. This supports
the previous indication of users developing a critical eye over time.

Several interaction effects with individual adjective pairs as dependent variables (Table 9)
were found. Concerning age and gender, the adjective pairs expensive–cheap, strong–weak,
professional–unprofessional, ordinary–unique and good–bad were statistically significant.
These findings suggest that youngermen perceived the icons as ordinary, while older women
perceived the icons as cheap, weak, unprofessional and bad. This, again, may refer to the
prior findings of women shown to appreciate aesthetics more than men as well as men being
more comfortable with technology and perhaps generally more used to viewing game app
icons. Furthermore, concerning age and time, it was found that for younger users, the more
time they spend browsing app stores, the more concrete the icons seem. Finally, the negative
three-way interaction between age, gender and time for the adjective pairs concrete–abstract
and exciting–calm indicates that younger women evaluated icons as more concrete and
exciting when more time was spent using app stores. These results strengthen prior findings
of female users preferring expressive aspects (i.e. beauty and emotional value) (Creusen, 2010;
Henry, 2002; Oyibo and Vassileva, 2017; Tuch et al., 2010; Wallendorf and Arnould, 1988).

5.1 Theoretical contributions
The growing need for adaptive and appealing user interfaces requires more work in
understanding how perceptions and demographic factors affect user interface design. This
study adds to the topic of interaction research, where usability has dominated research partly
at the expense of aesthetic considerations (Tractinsky et al., 2000).

The results of this study contradict prior research on demographic factors and interface
systems (Leong et al., 2013) in that gender differences do exist, although they seem to be
minimizing among the younger generation. The variety in perceptions between genders can
partly be explained by strategies according to the adaptive decision-making theory, where
users choose designs by filtering choices based on subjective impressions of aesthetics. As
hypothesized previously, the decision-maker’s strategies are dependent on the individual’s
history, which contributes to differences in perceptions.

The findings of this study are consistent with prior literature in that younger audiences
are somewhat critical towards GUI aesthetics (Creusen, 2010; Hsieh et al., 2004; Morris and
Venkatesh, 2000; Oyibo and Vassileva, 2017; Oyibo et al., 2018; Venkatesh et al., 2000;
Wallendorf and Arnould, 1988). However, interestingly, as the sample in this study focused
on younger age groups and no significant effect was found between gender and time using
interfaces, it seems that the unisex pattern identified by prior research (Morris et al., 2005) is
continued: gender differences are not as visible among younger users as they have been
among older users. Moreover, this study adds to the prior findings that time affects user
perceptions of interface aesthetics (Lee and Koubek, 2011; Hartmann et al., 2008) in such a
way that users become more selective over time.

Demographic
effects in

aesthetic GUI
perceptions



In terms of the adaptive decision-making theory, which has been advanced onlyminimally
in the context of aesthetics in interaction design, users have been found to apply a tradeoff
strategy by weighting different attributes of designs to an extent by the users’ background
(Hartmann et al., 2007a). Drawing from this theoretical framework, as both younger women
and men nowadays may have received greater exposure to technology compared with the
older generation, the background of users seems to have become more homogenous, thus
leading to similar perceptions of visual aesthetics according to the theory. Thus, the decision-
making strategies seem to have unified as well, which may imply a change to the
psychological patterns of making decisions altogether.

Previous studies that have employed adaptive decision-making theory in similar contexts
(Hartmann et al., 2007a, b, 2008) posit that aesthetics should be matched to user profile. We
contribute to the literature by offering deeper insight on how the cultural atmosphere seems
to be changing user preferences and decision-making behavior to predict their intention
towards the judgment of aesthetic appeal, thus aiding scholars to revisit theories on decision-
making and aesthetic appeal. Particularly, as the adaptive decision-making theory has not
been applied widely and recently in similar studies, a critical approach could be adapted in
order to systematically build the theory for the development of new hypotheses. In
conclusion, we have demonstrated that aesthetics is a component of design quality that is
susceptible to the user’s decision-making strategies. Implementing this theoretical
framework shows evidence that user perception is a complex construct that requires the
understanding of deeper behavioral meaning.

5.2 Practical implications
This study adds to the existing literature of designing graphical user interface elements
relating to demographic effects. Aesthetic appeal is a complex matter, nonetheless, some
practical implications can be made on the basis of the findings.

Design implication 1: The results suggest that younger users in general, as well as older
women, tend to be more critical towards icon aesthetics. Thus, in order to visually appeal to
the tastes of younger audiences and women, focusing on creating high quality designs (i.e.
high graphical fidelity) is recommended, as the hedonic aspects need to be catered to across
these demographic factors.

Design implication 2: Expectedly, time affects perceptions in that novice users perceive
icons as more excellent than experienced users. Therefore, in order to visually appeal to more
experienced users, designers may have to put in more effort and creativity.

Design implication 3: Overall, gender differences among younger users seem to be
minimizing and therefore gender-neutral options could be considered in future design
processes. However, the perceptions of icons change especially for younger women in that
icons are seen as more concrete and exciting over time. Hence, practitioners could benefit
from integrating young female users to interfaces at an early stage to increase the
aforementioned effects.

The results suggest that user perceptions are subjective and thus age, gender and time
have relatively little effect on how users evaluate icon aesthetics. However, these implications
informwhat kinds of aesthetic perceptions graphical user interface elements (i.e. icons) should
be brought to evoke. This knowledge can then be adapted in establishing segmentation
models for the design of adapted user interfaces.

5.3 Limitations and future research
This study was one of the first attempts to understand how demographic factors affect user
perceptions of GUI element aesthetics by utilizing game app icons as data collection material.
However, there are some limitations that should be acknowledged.
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Game app icons were used as study material to maximize internal validity. This poses a
possibility for conducting future research on other app icon types for comparative 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 beneficial to conduct a similar study
with additional information on the app context.

The data was gathered via an online survey that was advertised on Finnish student
organizations’ mailing lists, thus the sample can be considered fairly homogenous. The
majority of the respondents are from the same age group and come from a similar cultural
background, which could affect perceptions in the study. Moreover, the sample in this study
is a nonprobability convenience sample, therefore it is not necessarily representative of all
app store users. In future research, a more diverse sample should be gathered in order to gain
perspective on factors related to age and cultural differences.

As is commonplace within the industry, actual data on app store usage was not available,
thus the measurement used in this study reports intended behavior with a vignette style
experiment setting. This may have an impact on the generalizability of the findings.
Moreover, as the results consist of perceptions measured by quantitative means, the findings
may be considered ambiguous with underlying biases. Therefore, a qualitative approach
would be beneficial in order to gain a deeper understanding of the topic in further studies.
Additionally, an even more authentic experiment setting could be composed.

6. Conclusion
This study replicated prior literature in the sense that paying close attention to visual
aesthetics is important, especially when targeting experienced users, young audiences and
women. Knowledge about demographic effects relating to how GUI elements (i.e. app icons)
are perceived is scarce, therefore, insight into the topic is valuable for deciding on effective
design processes. Considering the changing cultural atmosphere, especially relating to
gender and age in the domain of technology, insight into the topic is valuable. The current
undertaking shows that technology adoption advances at a tremendous pace, which blurs the
boundaries of aesthetics between people despite their age, gender and habits in daily life.
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