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ABSTRACT

Visual design of Graphical User Interfaces (GUI) aims to contribute to their usability
by manipulating their visual components, such as their widgets, menus, contents and
their layout by relying on a variety of techniques borrowed from general visual design and
aesthetic properties. Therefore, a significant portion of GUI evaluation, but not the only
one, concerns the visual aspects of GUIs. Many metrics attempt to characterize, express,
and measure quality properties of the visual design of graphical user interfaces, but with
different names, definitions, formulas, interpretations and empirical evidences. This thesis
performs a Systematic Literature Review (SLR) for identifying and characterizing visual
design metrics for graphical user interfaces on six scientific digital libraries, augmented
by a snowballing procedure. We will identify a corpus of metrics that are systematically
analyzed. FEach identified metric will be described and accompanied by one or more
formulas, the different formulas and metrics will be compared and their analysis will
suggest some further consideration on how to apply and research further metrics in this

area.
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Chapter 1

Context

In this chapter, the reasons why computer scientists are interested in graphical user in-
terfaces (GUIs) will be explained. These graphical interfaces have their own aesthetics
features. The way by which it is possible to measure the aesthetics of these graphical user

interfaces will be studied.

1.1 Problem statement

Over the last decades, digital technology has evolved until becoming an integral part
of our daily lives. From media to entertainment, through recruitment, production and
healthcare, the entire economy is becoming more and more digital. More than ever,
companies will need to develop new business models and they will need to exploit the
data they collect at large scale in order to be competitive. If they want to acquire a
leadership position in the context of the digital transition, the firms will need to innovate
in the digitization of their system. The digital transition is perturbing our social model
and only the best adapting firms will survive. Even if it is based on old technologies,
the contemporary digital economy really started only twenty years ago. It was born from
the decision of the American public authorities to open the Internet to civil applications
(Colin et al., 2015)). With the emergence of Internet, the market of electronics devices,
such as smartphones and computers, has been growing in an exponential way at the end
of the 20" century.

With the increasing complexity of the information we have to deal with, the usability
of the user interfaces conveying information to users becomes more and more complex.
Unusable product leads inevitably to dissatisfaction of the consumer (Norman, |1988)).
The way we use a screen and a system is affected by various factors such as the amount of
information presented on the screen, its organization, its language and the distinctiveness

of the screen’s components (Ngo, Samsudin, et al., 2000).



1.2 Graphical User Interfaces Aesthetics

Graphical User Interface (GUI) is the most common way for an user to interact with a
digital system, which may be desktop, tablet or smartphone. Graphical user interfaces
are implemented by a set of software often included in operating systems. Microsoft’s
Windows is the most widely used operating system (around 73% share of the OS market
in February 2020) (Liu, , followed by macOS and iOS and then by Linux OS. Because
of the importance and frequency of use of GUISs, researchers are interested in improving

their quality.

In order to improve the user experience as much as possible, designers have put
a significant effort into making Graphical User Interfaces usable and visually appealing
(Miniukovich and De Angeli, 2014). At first, GUIs are designed to attract users eyes
and then to make the users consult it easily and efficiently. Therefore, companies need
to develop more attractive, intuitive and aesthetically pleasing website or application
considering that GUIs aesthetics is a potential element to focus on in order to facilitate
communication between device and user (Zen and Vanderdonckt, . The companies
interested in improving their software products can use the ISO 25000 norm to get a

certification about the quality of their software.

The ISO 25000 norm, also known as SQuaRE (System and Software Quality Re-
quirements and Evaluation), has been developed to give guidelines to website designers.
This norm is an international standard for the evaluation of software quality. Software
quality can be broken down into 3 different parts : software product quality, software
data quality and operational quality of the software (ISO 25000, . In this master
thesis, we will be more interested in the software product quality. The software product

quality model comprises eight quality characteristics shown in Figure
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Figure 1.1: Software product quality characteristics (ISO 25000, |2019)



In this master thesis, greater interest will be given to the question of software us-
ability and more particularly to the user interface aesthetics. The usability is defined as «
the degree to which a product or system can be used by specified users to achieve specified
goals with effectiveness, efficiency and satisfaction in a specified context of use » and the
user interface aesthetics is « the degree to which an user interface enables pleasing and
satisfying interaction for the user » (ISO 25000, 2019). By improving the appearance of
the user interface, we can increase the usability of a computer system and thus the sat-
isfaction of the user. Aesthetics is a complex phenomenon made of culture-independent
and culture-specific facets. Therefore, it can be hard to determine what a pleasing and
satisfying interface is as this parameter can vary among persons. Indeed, it is often con-
sidered to be highly subjective as it depends on perception. Despite the growing interest
in aesthetics, little is yet known on how to design interfaces that are indeed aesthetically
pleasing (Miniukovich and De Angeli, [2014)).

One of the other possible ways to improve the aesthetics of GUIs is to use visual
design. Visual design of Graphical User Interfaces aims to contribute to their usabil-
ity by manipulating their visual components (e.g., widgets, menus, contents, pictures,
videos, banners) and their layout by relying on a variety of techniques borrowed from
general visual design principles and techniques (Dondis, 1973), such as Gestalt properties
(Mullet and Sano, 1995, hierarchy, visual techniques (Ngo et al., 2003), symbolic qual-
ities (Hartono and Holsapple, 2019), and aesthetic properties (Zen and Vanderdonckt,
2014). Therefore, a significant portion of visual design, but not the only one, concerns
the aesthetic aspects of GUIs.

Currently, GUI aesthetics can be evaluated using two different methods: an objective
method and a subjective method. The objective method relies on complex formulas and
algorithms to measure the value of a given aesthetic attribute of visual design. This
method will be the one we will focus on in this work. The subjective method is based on
a survey among end-users to get reviews about the value of each visual attribute for each
considered interface (Zen, 2013). This last method is often used to empirically validate

the objective method.

1.3 Visual Design Metrics

In order to evaluate the quality of GUIs aesthetics, computer scientists have developed
metrics. Metrics are numeric values that summarize the status of specific interface at-
tributes. Each individual metric evaluates only one isolated design aspect. By contrast,
a set of metrics provides a powerful tool that evaluates multiple design issues. Metrics
can thus be used to monitor some design aspects that are difficult for people to perceive

accurately as well as those that are less difficult but easy to overlook (Sears, 1995).
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There exists a multitude of metrics related to visual design of user interface with
different names, definitions and interpretations. While many attempts have been made on
proposing new metrics, they have all used different procedures and assessing tools, which
do not allow clear conclusions to be drawn. This can lead to an ontological confusion.
Moreover, the coverage of these metrics is not clearly defined. Metrics may be used in
specific cases and several metrics can characterize the same attribute using different for-
mulas. In addition, all metrics do not contribute equally to the overall aesthetics of the
interfaces. They are very different and come from different disciplines (complexity man-
agement, layout, symmetry,..). The metrics are sometimes validated, sometimes subject
to one or more different experiences and sometimes not validated at all. Therefore they

have different strength of evidence.

The lack of appropriate concepts and measures of aesthetics may severely constraint
future research in this area (Lavie and Tractinsky, 2004). Metrics are scattered in the
literature, difficult to find and to bring together. The recommended methodology for
aggregating empirical studies is a Systematic Literature Review (SLR) (Kitchenham et
al.,2010)). The aim of this master thesis will therefore be to carry out a SLR in order to
gather all the metrics known about visual design in a single document. Each metric will
be accompanied by its definition, its formula, it’s strength of evidence and its context of
use. The relative importance level of each metric will be studied according to the number

of articles related to it.



Chapter 2
Introduction

In this chapter, the definition of a Systematic Literature Review (SLR) ans its advantages
will be exposed. The way a SLR is performed will be studied. Terms such as backward or
forward snowballing will be defined. The last section of this chapter will deal with visual

design, its elements and principles.

2.1 Systematic Literature Review

2.1.1 Definition

A Systematic Literature Review (SLR) is a study which aims to provide a thorough
overview of a research field by using a scientific and repeatable method. A systematic
review attempts to collate all pieces of empirical evidence that fit pre-specified eligibility

criteria to answer a specific research question (Liberati et al., 2009).

Systematic Literature Reviews are qualitative reference work which can save time
for subsequent studies and provide an understanding of the existing literature on a spe-
cific topic (Casteleyn et al., 2014). The SLR method uses unambiguous and systematic
procedures to minimize the occurrence of publication bias during searching, identification,
synthesis, analysis and summary of studies. When it is done properly and has the minimal
error, SLRs can provide reliable findings and conclusion that could help decision-makers

and scientific practitioners to act accordingly (Mengist et al., [2020)).

Performing a SLR is particularly important for highly multidisciplinary fields such
as software engineering, for example, because many authors publish their work on multiple
publishing platforms without even being aware of all its facets and contributions in the
broader research field (Casteleyn et al., 2014).



A study of all available literature must be open-minded and transparent. That is
why it would not suffice to merely compile a simple collection or summary of other articles.
There must also be an element of analytical criticism when a SLR is performed. Also,
the review cannot simply regurgitate the subject matter, but contributes to the work in

its dual approach of synthesizing the available material and offering a scholarly critique

of theory (Okoli and Schabram, 2010)).

2.1.2 Procedure

Several studies (Casteleyn et al., ; Liberati et al., ; Villarreal-Narvaez et al.,
suggest that a SLR can be organized as a four-phases flow procedure consisting of
Identification, Screening, Eligibility and Inclusion phases. The PRISMA diagram (Pre-
ferred Reporting Items for Systematic reviews and Meta-Analyses) shown in Figure [2.1

is a commonly used tool to represent the different phases and steps of a SLR (Liberati

et al., 2009)).

=
-
S # of records identified through # of additional records
E database searching identified through other sources
S
-
A 4 A 4
- # of records after duplicates removed
=
=
& v
b=
7 # of records screened » # of records excluded
. ¥
= # of full-text articles | # of full-text articles
"80 assessed for eligibility | excluded, with reasons
=
A\ J
# of studies included in
qualitative synthesis
-
w
=
- .
<
= # of studies included in
quantitative synthesis
(meta-analysis)

Figure 2.1: Four phase flow diagram used for a Systematic Literature Review
(Liberati et al., [2009)



The aim of the identification phase is to obtain the initial set of potentially relevant
primary studies, generally called « publications » (Casteleyn et al., 2014). The first step
is to identify the purpose and intended goals of the review. Then, the reviewer needs
to describe explicitly the details of the literature search and translate it into a semantic
query. Indeed, it is necessary to define a semantic query to explain and justify how the
comprehensiveness of the search is assured (Okoli and Schabram, 2010). A semantic query
is introduced in a semantic Web browser or in a database to provide access to relevant

publications on the topic of interest (Bast et al., 2016).

The semantic Web is a vast space for the exchange of resources between humans
and machines. Using the semantic Web allows a qualitatively superior exploitation of
large volumes of information. Performing a search on the semantic Web relieves users of
a large part of their search tasks thanks to the increased capacity of machines to access
and reason about the content of resources (Laublet et al., [2002)). Indeed, the presentation
of answers by the search engine is done in a way that tries to understand the user’s query
and the intention behind it (Amerland, 2014). However, it is interesting to note that only
a decade ago, search engines were mostly lexical. Lexical means that the search engines
were looking for literal matches of the query words typed by the user without making any

effort to understand what the whole query actually means (Bast et al., [2016).

In order to perform an extensive search in the field of computer science, the semantic
query can be introduced in the search engines of the major computer science publishing
houses such as: (1) Springer (SpringerLinkﬂ), (2) IEEE (IEEE Xploreﬂ) and (3) ACM
(ACM Digital LibraryED. Then, to validate the search results, to ensure the completeness
and coherence of references and to cover other publishers, two additional generic search
engines can be used: (4) Google Scholaiff] and (5) DBLP CompleteSearch | (Casteleyn
et al., 2014; Villarreal-Narvaez et al., 2020)). Each search engine has its own syntax. It is
therefore necessary to adapt the chosen search string according to the syntax required by

the search engine.

The second part of the Systematic Literature Review is the screening phase. After
the identification phase, the initial set of publications contains irrelevant results that must
be removed. Firstly, all double entries are eliminated. The screening for inclusion step
requires the reviewer to be explicit about what studies were considered for review and
which ones were eliminated without further examination. Each publication is therefore
inspected for relevance with respect to the research scope using criteria of form and
contents (Okoli and Schabram, 2010).

Thttp://www.springerlinks.com/.
2https://ieeexplore.ieee.org)/ .
3http://dl.acm.org/.
4http://scholar.google.com/.
Shttp://www.dblp.org/search/.



The different inclusion and exclusion criteria must be clearly defined by the reviewer.
This step allows to sort and keep only the articles relevant to the topic of interest (Caste-
leyn et al., |2014; Villarreal-Narvaez et al., 2020). Inclusion criteria on the form covers
all publications in English that underwent a competitive peer-review process and where
the full text is available. This includes all short and full research papers published in
peer-reviewed journals, conferences, symposia, or workshops. All sources that did not go
through a competitive peer-review process or are not pure research contributions (such as
books, Ph.D. and master theses, patent descriptions, etc.) are thus excluded (Casteleyn
et al., [2014). It is noteworthy that it is also possible to restrict the search depending on

publication year.

Next, the publications that met the previous inclusion criteria are analyzed through
the content criteria. To meet this criteria, publications must explicitly mention the subject
(or a synonym) of the semantic research in the abstract or introduction. Indeed, it must
be possible to infer from the abstract or introduction that the publication is related to
the topic or to the broader research field (Casteleyn et al., 2014).

In the third phase (eligibility phase), the reviewer is free to add additional criteria
required for the research. Sources that do not fulfill these criteria are considered ineligible
and further excluded (Villarreal-Narvaez et al., 2020).

The last step of a Systematic Literature Review (inclusion phase) consists in verify-
ing quantitative and qualitative aspects of the corpus of papers (Villarreal-Narvaez et al.,
2020). The qualitative aspect aims at expressing the publications quality with verbal
terms and the quantitative aspect use a meta-analysis to express the papers’ values using

charts and various types of graphs (Mengist et al., 2020)).

In order to perform a quantitative analysis, the relevant data are firstly extracted and
classified from the previously selected documents. This will allow additional knowledge
and conclusions to be drawn. The general information of the articles include the year of
publication, the name of the journal, the study type and the country where the study was
conducted (Mengist et al., 2020)). A meta-analysis can be performed on the data. It uses
statistical techniques to integrate and summarize the results of included studies. Meta-
analysis can help to generate more precise estimates on the topic under study (Mengist et
al., 2020). Many systematic reviews contain meta-analyses, but not all of them (Liberati
et al., 2009).

The qualitative analysis aims to answer to the formulated research question of the
semantic request. It covers the explanation and narration of results, discussion, indication
of the way forward for future research and the inference of a conclusion (Mengist et al.,

2020).



2.1.3 Snowballing

In order to fill in a Systematic Literature Review and find additional references, the
snowballing method can be applied. Snowballing refers to using the reference list of a
paper or the citations to the paper to identify additional papers to analyze. There are
two types of snowballing: forward and backward. For backward snowballing, the process
consists of going through the reference list of each source found in the SLR and including
or excluding the new references according to the previously defined criteria. Forward
snowballing refers to identifying new papers based on those papers citing the paper being
examined. The citations to the paper being examined are studied using Google Scholar.
Each candidate citing the article is examined according to the same inclusion or exclusion

criteria used previously (Wohlin, 2014).

2.1.4 Virtues of a Systematic Literature Review

Performing a SLR has 3 virtues. The first one is the descriptive virtue : SLR provides
the reviewer with a method for describing the underlying characteristics of any study.
(Villarreal-Narvaez et al., 2020). It is therefore possible to describe each reference in the
same way. The scope of the studies can be described, but also their methods, results and

metadata (e.g., year of publication, name of journal, types of data sources, study site...)

(Mengist et al., 2020).

The second virtue of SLR is the comparative virtue. Indeed, thanks to SLR, it
is possible to compare to each other the various references found. By clearly describing
those studies along various dimensions, the reviewer will be able to assess their overlapping
degree, similarities and key differences. For example, it is possible to compare the number
of properties affected, the type of formula used by a given reference (validated, tested,
empirical or theoretical formula). The quality of the studies can be assessed on the basis
of their relevance and the studies can then be ranked in order of relevance. Thanks to
this virtue, it is also possible to gather and compare studies on a specific topic (Villarreal-
Narvaez et al., [2020)).

The last virtue of Systematic Literature Reviews is the generative virtue. SLR
makes it possible to identify areas of investigation for the topic of interest that were not
covered or have been little explored by previous work. In order to perform a generative
analysis of the references, the reviewer can find areas of the research which need a deeper
study, a verification, a validation, or a consolidation. The analysis on the basis of this
virtue is often the most difficult to carry out but it allows to generate new ideas, to fill in

gaps and to imagine perspectives for the project (Villarreal-Narvaez et al., [2020)).
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2.2  Visual Design

2.2.1 Definition

Visual design informs us how design elements go together to create well-rounded and
thoughtful visuals (Gordon, 2020). It aims to improve a product’s aesthetic appeal and
usability with suitable images, colors, fonts and other elements. The different elements
of a website are carefully placed by designers to create interfaces that optimize user
experience. The first impression is made in less than 50 ms. Therefore, the interface
will create an emotion for the user almost instantaneously (Siang, 2020). The objective
of visual designers is to evoke emotions which result in positive user experiences. Visual
designers are therefore considered as the problem solvers of the design world. In addition
to creating beautiful designs aimed at generating positive emotions, they know how to

explain design concepts and the decisions behind their work (Morris, 2020).

Visual design can also be seen as a strategic process. Indeed, designers have to
develop a strategy to lead the user’s eye to an item’s functionality and to make the
aesthetics consistent. It is important for designers to compose and arrange website content
around each page’s purpose. They have to make sure that the content gives off the right
visual cues because even the most subtle details can sometimes have a major impact on
what users think and feel on the web page (Siang, 2020)). The visual design strategy must
be established in order to present the right things in the right way and in the right place.

However, the visual design has a few cons. It is purely visual and does not take into
account the semantic query, the type of data/graphic/image or the text to be displayed.
Moreover, some theoretical concepts can be opposed or complicated to apply on a screen

for non-professional designers.

2.2.2 Elements of Visual Design

The elements are building blocks used and combined in order to generate visual designs.

The different elements listed below are used by designers to improve websites aesthetics.

1. Lines are the most basic element of visual design but they have different properties.
They connect two points and can be used to help define shapes, make divisions and
create textures. They can be regular or irregular, curved or straight, thick or thin,
geometric (i.e., look like they are drawn by a ruler or compass) or organic (i.e., look
like they are drawn by hand) (Siang, 2020).

2. Shapes are enclosed /self-contained areas. A shape has two dimensions: length and
width. To define the area, the visual designer uses lines and differences in brightness,
color or texture (Siang, 2020; U.S. Dept. of Health and Human Services, [2006)).
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3. Volume is used to give a three-dimensional effect on two-dimensional screens. Vol-
ume has 3 dimensions: length, width and depth. It may be created by combining
two or more shapes and can be further enhanced by different tones, textures and
colors (Siang, 2020; U.S. Dept. of Health and Human Services, 2006]).

4. Negative space/White space is an important part of the layout strategy. A
negative space (or white space) use the blank area around a “positive” shape to
create a figure/ground effect or calm the design overall. Incorporating spaces into a
design helps reduce noise, increase readability and is also able to create an illusion
(e.g., the WWF logo) (Siang, 2020; U.S. Dept. of Health and Human Services,
2000)).

5. Brightness is the balance of light or dark colors that an element has. By manip-
ulating brightness, we can influence how easy it is to distinguish details. Indeed, if
something is too bright or too dark, the visual might be washed out or hard to see
(Fessenden, [2019)).

6. Colors are used to differentiate items, to create depth, to add emphasis, to convey
emotions in and add variety, to separate distinct areas of a page and to help the

organization of the information (U.S. Dept. of Health and Human Services, 2006).

7. Texture is the surface quality of an object. It refers to how a surface feels or is per-
ceived to feel. By repeating an element (e.g., lines), a texture will be created and a
pattern formed. Depending on how a texture is applied, it may be used strategically
to attract or deter attention (U.S. Dept. of Health and Human Services, 2006).

8. Typography refers to which fonts are chosen, their size, alignment, color and
spacing (U.S. Dept. of Health and Human Services, 2006)).

2.2.3 Principles of Visual Design

While the elements of visual design describe the building blocks of a product’s aesthetics,
the principles of design tell us how these elements can be combine and should go together
for the best results. In other words, the principles can be considered as guidelines to
bring effectively the elements together in a way that makes sense. According to a study
performed by the Nielsen Norman Group, there are 5 visual design principles impacting

the user experience (Gordon, [2020)).

1. Scale describes the relative sizes of the elements in a design (Figure. When this
principle is used properly, the most important elements in a design are bigger than
the ones that are less important. Indeed, when something is big, it’s more likely to
be noticed. In order to achieve a visually pleasing design, it is recommended not to
use more than 3 different sizes (Gordon, 2020; Siang, [2020)).

11



The scale principle is commonly used and almost every good visual design takes
advantage of it. Using this principle allows to create variety within the layout but

also to establish a visual hierarchy on the website (Gordon, 2020).

Scale

Figure 2.2: Example of scale principle (adapted from Siang, 2020))

2. Visual hierarchy shows the difference in importance of the elements in a design
(Siang, |2020). Designers can create hierarchies through different font sizes, colors,
placement on the page, spacing and a variety of other signals. Usually, items at the
top are seen as the most important (U.S. Dept. of Health and Human Services,
2006). The hierarchy will allow the user to better understand the content and the
layout of the page consulted. The advice provided by the experts of the Nielsen
Norman Group suggests using 3 types of scale (small, medium and large) as well
as playing with colors (bright colors for important items and muted colors for less
important ones) in order to create a hierarchy (Gordon, [2020). Figure [2.3|shows an
example of a visual hierarchy using a difference in size between the title and subtitle

and a black and grey colour respectively.

Large header is clearly important

Smaller subtitle is of secondary importance and will only be
read after the header

Figure 2.3: Example of visual hierarchy using different scales and
colors (adapted from Siang, [2020))

3. Balance describes the extent to which the elements of a layout are evenly dis-
tributed. In other words, the balance principle refers to a satisfying arrangement or
proportion of design elements. An interface is said to be balanced when there is an
equally distributed amount of visual signal on both sides of an imaginary axis going
through the middle of the screen. This axis can either be vertical or horizontal.
To create a balance, the number of elements present on the interface is important
but it is also necessary to pay particular attention to the surface occupied by these
elements as well as their visual weight. The visual weight of an element is linked to

how prominent it appears compared to everything surrounding it (Gordon, 2020).
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A balanced interface appears stable while an imbalanced interface can be seen as
unsustainable and unnatural (Figure . It is noteworthy that there are 2 types of
balance : symmetrical balance and asymmetrical balance. Symmetrical balance con-

cerns similar objects evenly distributed on a page or a screen, whereas asymmetrical

balance concerns dissimilar objects but of equal visual weight.

Balanced Imbalanced
Design Design

Figure 2.4: Difference between a balanced and an imbalanced

design (adapted from Siang, |2020))

. Contrast refers to the juxtaposition of visually dissimilar elements in order to con-
vey the fact that these elements are different. It provides the eye with a noticeable
difference (e.g., size or color) between two objects or two sets of objects. Designers
often use the red color to make certain elements stand out or to provoke an emotion
to the user. For example, on the iOS operating system, the red color especially
signify deleting while green is often used for positive actions such as “Go” or “Ac-
cept”. Designers can also play on the contrast between a text and its background in
order to deemphasize less important text. Nevertheless, this can be risky because
reducing the contrast of the text also reduces its legibility and could therefore make
the content inaccessible (Gordon, 2020).

. Gestalt principles explain how humans simplify and organize complex images that
consist of many elements, by subconsciously arranging the parts into an organized
system that creates a whole, rather than interpreting them as a series of disparate
elements. The human eye and brain perceive an unified shape in a different way to
the way they perceive the individual parts of such shapes. If the design elements
are arranged properly, the Gestalt of the overall design will be very clear (Gordon,
; Siang, . Gestalt is the reason why we can see a square, a circle and a
triangle even though the lines are not complete in the figure shown below.

r—n- VAREN A

| (I ) / N\

L —d ~ - /— =\
Gestalt

Figure 2.5: Application of the Gestalt principles for the visualization of a
square, a circle and a triangle instead of a set of dotted lines (Siang, 2020))
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Chapter 3

Research Method: Systematic

Literature Review

In this chapter, we will explain how our Systematic Literature Review dedicated to visual
design metrics for Graphical User Interfaces has been performed. The final results of the
Systematic Literature Review will be presented in a PRISMA diagram and in a summary
table.

3.1 Identification Phase

The overall goal of this Systematic Literature Review, and more broadly of this thesis, is
to provide a consolidated overview of research in the field of visual design metrics for GUIs.
Particular interest will be given to references that describe visual design metrics using a
mathematical formula. The SLR will allow to compare the references among themselves
and also to study the relative importance of each of the formulas found in the papers. In a
second phase, the metadata such as the publication venues of the references, the number

of authors and the evolution over time of the subject of interest will be studied.
Initial Search

In order to find papers potentially relevant to this topic of investigation, the following

semantic query has been introduced in different digital libraries:
Q = ("Visual" AND "Metric" AND "User" AND "Interface")

The semantic query was ran on both single-publisher libraries (e.g. ACM Digital
Library) and multi-publisher engines (e.g. Google Scholar). The 6 digital libraries selected
to carry out the search process of this SLR are detailed below, with their acronym and

URL according to the format: Name [acronym]|: URL.
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ACM Digital Library [ACM]: http://portal.acm.org/.
IEEE Xplore [IEEE]: http://iceexplore.ieee.org) .
Science Direct [SD]: http://www.sciencedirect.com/ .
SpringerLink [SPL]: https://link.springer.com/.
Google Scholar [GS]: http://scholar.google.com/.

DBLP Complete Search [DBLP]: http://www.dblp.org/search/.

The selected digital libraries use their own syntax and have their own advanced search

options, therefore the chosen search string has been adapted for each search engine as

shown in Table B.1l.

Digital library

Adapted query string

Advanced search options

Search items from:

ACM Guide to Computing Literature

ACM Visual AND Metric Search within:
AND User AND Interface Anywhere
Publication date:
All dates
IEEE Visual AND Metric Each term was searched in:
AND User AND Interface Full text & metadata
SD Visual AND Metric Find articles
AND User AND Interface with the terms of the query
SPL Visual AND Metric Find resources
AND User AND Interface with all of the words of the query
GS Visual AND Metric Find articles containing
AND User AND Interface all of the words of the query
DBLP Visual Metric User Interface Combined DBLP search

Table 3.1: Syntax and advanced search option used for each selected digital
library (adapted from Ordonez et al., n.d.|)
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All searches were performed between 24" March 2020 and 20"* April 2020. The
search results were sorted in decreasing order of relevance. For each search, the first
150 results were inspected to form the initial set. Supposing that the accuracy of each
search engine ranking algorithm is effective, we can assume that considering the first 150
results yields a relevant and representative result set (Casteleyn et al., [2014). However, it
should be noted that for the DBLP digital library, only 2 results were found which have
both been included for further screening. The total number of references found after the
identification phase is therefore equal to 752 (150 papers on 5 digital librairies + 2 from
DBLP).

3.2 Screening Phase

The initial set of publications contains irrelevant results that must be removed. Each
paper was evaluated with respect to its relevance to visual design using criteria related to

form and content, as follows:
Form

Only the papers written in English that underwent a peer-review process and for
which the full text was available were retained. Therefore, research papers published in
peer-reviewed such as journals, conferences, symposiums and workshops were included,

while books, Ph.D. theses, master theses and patents were excluded.
Content

Only the papers that explicitly introduced a metric for visual design of user interface
or discussed about aesthetics and usability of GUI were retained. Publications linked to
the visual aspect of the interface or to the user interface layout were also included for

screening. All off-topic articles have therefore been excluded.

After excluding articles according to the form and content criteria, a total number
of 670 irrelevant article were excluded, leaving 752 — 670 = 82 papers. These 82 papers

will therefore be examined in the third phase of the Systematic Literature Review.

3.3 Eligibility Phase

Among the screened papers, only those that had a formula for a metric related to visual
design were retained. For this purpose, the full text of the 82 articles was reviewed in
search of a formula or an algorithm. After the addition of this eligibility criterion, 59
publications that did not have a formula related to a visual design metric were therefore

excluded, leaving to 23 the number of remaining publications.
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At the end of this phase, duplicates coming from similar results on different digital
libraries were eliminated. The number of duplicates found is 9. The final number of
relevant publications identified with the SLR method is therefore equal to 14. The detailed
process in which these 14 papers were found is described by a PRISMA diagram (Liberati
et al., 2009) as shown in the Figure [3.1]

c 600 papers identified through 152 additional papers identified

o database searching (ACM=150, through other sources (GS=150,
'-g IEEE=150, SD= 150, SPL=150) DBLP=2)

Q
=

-+

c
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£ 752 papers screened in total

=

8 670 irrelevant papers removed
o | (ACM=120, IEEE=130, SD=146,
“al SPL=138, GS =136)

v
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_43. 59 papers without formula
5 > | excluded (ACM=23, I[EEE=17,
‘oo SD=4, SPL=8, GS =7)
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L »| 9duplicates excluded (IEEE=2,
SPL=1, GS =5, DBLP=1)
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Figure 3.1: The four-phase flow PRISMA diagram of our SLR examination
(based on Villarreal-Narvaez et al., [2020)

From these 14 articles, a selective backward snowballing will be carried out in order

to potentially discover additional references that meet all the previously defined criteria.

3.4 Backward Snowballing

In order to complete our set of articles, a backward snowballing was carried out. Indeed,
since the semantic search was Q = ("Visual" AND "Metric" AND "User" AND "Inter-
face"), other relevant references using a synonym for visual design like aesthetics might
not have been presented by the search engine algorithms. For these reasons, a selective
backward snowballing was carried out by screening through the reference list of each of
the 14 previously selected articles. This backward snowballing is selective because only

the sources containing the word "aesthetics" have been screened.
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It is noteworthy that to be rigorous, it would have been necessary to screen all the
sources of our set of articles as well as the realization of a forward snowballing but this
would have required a lot of time and an analysis by several people. Therefore, in this

master thesis, only a selective backward snowballing will be performed.

The search for new sources on the basis of the word "aesthetics" identified 51 new
articles to be screened. Among them, 36 papers were not eligible according to the condi-
tions defined in section and [3.3] In addition to this, 4 publications were also excluded
because they were duplicates of our original articles set. Therefore, this selective back-
ward snowballing allowed us to identify 11 new references. This step will be identified as

the 1% iteration of our snowballing process.

A second iteration of the selective backward snowballing has been carried out on
newly discovered references. For each new article discovered, the reference list was studied
in order to screen new publications containing the word "Aesthetics". With this second
iteration, a total of 135 papers were screened, 51 were not relevant according to the criteria
of content or form, 52 did not contain a formula, 24 duplicates were found as well as 8
new articles eligible for the study. A third iteration was done but no new papers were

found. That marked the end of our process of backward snowballing.

Finally, at the end of this Systematic Literature Review, 144 11+ 8 = 33 references
introducing a formula related to visual design of Graphical User Interfaces were identified

and downloaded for further usage.

3.5 Inclusion Phase

3.5.1 Quantitative Analysis

The quantitative aspect of our corpus of papers was verified by using Zotero® and by
generating summary statistics. Zotero is a multi-platform bibliographic management

software used to manage a set of documents.

Firstly, a collection of papers were created on Zotero. Each reference has been
compiled in the online library and the full-text PDF of each source has been added as
an attachment. Then, the metadata from each source has been completed in order to
analyze them statistically. The 33 references that have been included are available online

in the Zotero library by following this link:

https : | Jwww.zotero.org/groups /2463417 /visual _design _metrics/library

Shttps://www.zotero.org/
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3.5.2 Qualitative analysis

The quality of each source will be discussed with more details in the next chapter. Dif-

ferent qualitative aspects will be discussed, such as the number of authors per article or

the degree of validation of the different formulas presented in the papers.

3.6 Summary of the Systematic Literature Review

The evolution of the number of references according to the different steps of the SLR is

presented in the summary table below (Table [3.2).

snowballing

Source Query Screened Excluded Duplicates Included

1. ACM 17,406 150 143 0 7

2. IEEE 23,504 150 147 2 1

3. SD 14,119 150 150 0 0

4. SPL 28,197 150 146 1 3

5. GS 248 000 150 143 5 2

6. DBLP 2 2 0 1 1

Total before 331230 752 729 9 14

snowballing

7. Backward Snowballing - o1 36 4 11
1%t iteration

8. Backward Snowballing - 135 103 24 8
274 jteration

Total after - 938 868 37 33

Table 3.2: Summary table of the number of references analyzed at the
different steps of the SLR by digital libraries and by the snowballing process

(adapted from Villarreal-Narvaez et al., [2020))
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Chapter 4
Results and discussion

In this chapter, the 3 virtues of the Systematic Literature Review will allow us to study,
characterize, compare and find perspectives for the different visual design metrics for
Graphical User Interfaces found in the articles. The quality of the sources will also be

discussed through a meta-analysis of the papers.

4.1 Visual Design Metrics

For each metric, the number of citations per metric (NoC) will be calculated. The num-
ber of citations will allow to rank the metrics by order of popularity in the literature.
Each formula of a metric will also be accompanied by a strength of evidence level (SoE)
depending on the degree of verification of the formula.

The SoE is defined below:

If only a theoretical formula is given, SoE=1.

If the formula is verified by at least one study with an example on a website, SoOE=2.

If the formula has been validated empirically with a correlation below 50%, SoE=3.

If the formula has been validated empirically with a correlation between 50% and

90%, SoE=4.

If the formula has been validated empirically with a correlation above 90%, SoE=5.

4.1.1 Balance (NoC=21)

Balance can be defined as the distribution of optical weight (the perception that some
objects appear heavier than others) in a picture. In screen design, balance is achieved by
providing an equal weight of screen elements, left and right, top and bottom (Ngo, Teo,
et al., 2000b). In the literature, there are several balance formulas which are listed and

compared here under.
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4.1.1.1 First formula to measure balance (SoE=5)

A first formula of balance (BM) is given below (equation [4.1))(Altaboli and Lin, 2011}
Chettaoui and Bouhlel, 2017; Kar and Zain, 2007; Ngo and Byrne, 2001a), 2001b; Ngo,
Teo, et al., [2000al, 2000b, [2003; Purchase et al., [2011; Zain et al., 2011} Zen, 2013; Zen
and Vanderdonckt, 2014):

| BMvertical | + ‘ BMhorizontal |
2

BM =1 -

€ [0,1] (4.1)

BMyerticat and BMyorizontar are respectively the vertical and horizontal balances.
These terms and their formulas are defined in section [6.1.1] These terms depend on the
visual weight of the interface elements (Ngo, Teo, et al.,[2000b). The visual weight depends
on the area, color and shape of the various objects on the interface. The distribution of

the visual weight in the quadrants will influence the balance of the interface.

This metric can be really useful because the balance is an essential element to focus
on when visually designing interfaces. It is therefore very interesting to be able to measure

it. However, it is noteworthy that balance does not necessarily induce symmetry.

4.1.1.2 Second formula to measure balance (SoE=5)

A second formula exists in order to measure the balance of Graphical User Interfaces.
The formula is shown below (equation (Ngo and Byrne, 1998; Ngo, Samsudin, et al.,
2000):

BM = (’LUL — WR, W — ’LUB) (42)

Where BM is the measure of balance, wy, is the weight on the left hand side (LHS),
wg is the weight on the right hand side (RHS), wr is the weight on the top, and wg is
the weight on the bottom. The detailed calculations of the weights are shown in section
[6.1.2] Overall, the weights depend on the area of the interface objects and the distance
between their vertical /horizontal central line and the vertical /horizontal axis respectively.
The balance is reached when BM = (0,0).

One advantage of this formula is the ability to compare the balance on each sides of
the interface. Nevertheless, this formula has the disadvantage of only taking into account
the area of the different objects. The visual weight can also depend on the color and the

shape of the interface objects.
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4.1.1.3 Third formula to measure balance (SoE=2)

To apply this formula, the first step is to find the center of the screen. It is located half
way between the left edge of the left-most widget and the right edge of the right-most
widget. The weight of either side is computed by multiplying the number of pixels used

by their distance from the center. The third formula of balance is proposed by Sears,

1995 (equation [4.3):

weight of side one

Balance = 200 x (4.3)

weight of side one 4 weight of side two
The interface is completely balanced if the score is equal to 100. This formula has
not been empirically validated but only applied to different websites. Its strength of

evidence level (SoE) is thus equal to 2.

4.1.1.4 Fourth formula to measure balance (SoE=4)

This formula is applied in a microscopic approach by comparing the balance of an image
pixel by pixel. Black pixels are given a mass of one and white pixels given a mass of zero.
The equation of balance (b) is given below (equation (Bauerly and Liu, [2006)):

- (2.2) ot

Where b is given as a set of normalized coordinates between zero and one, w is
the image width in pixels, (z3, %) is the center of balance and h is the image height in
pixels (cfr section for the calculation of (xy,y;)). An image with a perfectly centered
balance will have a b value equal to (0.5, 0.5). This formula has been validated empirically

with a correlation of 0.79.

4.1.1.5 Fifth formula to measure balance (SoE=5)

This fifth formula of balance is applied to a specific interface: text-overlaid images. Text-
overlaid image consists of a large-size background image with a small number of texts
overlaid on it. This formula is derived from the fourth formula of balance (equation
but takes into account the color attributes of the pixels via the formula presented in
section [1.1.16.1] It is decomposed in horizontal (By) and vertical balance (By) as shown

below (equation {4.5| and (Lai et al., [2010):

BHzl—‘Qx@—1‘ (4.5)
w
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By —1—)2>< 1’ (4.6)

By and By range between 0 and 1. The closer to 1 the value of By (By ), the better
the horizontal (vertical) visual balance obtained. w is the image width in pixels, (xy, yp) is

the center of balance (depending on color) and h is the image height in pixels (cfr section
for the calculation of (zy,yp)).

4.1.1.6 Sixth formula to measure balance (SoE=4)

In this sixth formula, the number and size of objects for each quarter of the screen
is calculate to obtain the Total Balance Complexity (TBC) value. The Total Balance
Complexity (TBC) formula is given in equation (Alemerien and Magel, 2014):

TBC =1-(0.5%x BQn + 0.5 x BQs) (4.7)

Where BQn and BQs are the number and size of objects for each quarter of the screen.

These terms are defined below:

Z BQn;
k=1 BQnJ

B
Qn = 5

Z BQs;
k=1 BQs]

BOs —
Qs 5

BQ@n; and BQn; represent the number of objects in the ith and jth quarters and
BQs; and BQs; represent the sum of sizes of objects in the ¢th and jth quarters. These
last 4 terms vary between 0 and 1. The range of BQn is [0,1] where 0 means unbalanced
and 1 means fully balanced in terms of number of objects and the range of BQs is [0,1]
where 0 means unbalanced and 1 means fully balanced in terms of object size. This

formula has been empirically validated with a correlation of 0.825.

4.1.1.7 Seventh formula to measure balance (SoE=5)

This balance formula is specifically applied to Android applications (Riegler and Holz-
mann, 2018b). The balance metric calculates the margins between GUI elements and
their neighboring elements or borders. For each GUI element, the distances to the four
horizontal and vertical neighbors are considered. The neighbor is defined as the closest

GUI element or group border in the respective direction (i.e. left, right, top and bottom).
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In order to calculate the balance value (Bj), we use the mean horizontal (balh,) and
vertical margin (balv,) (cfr section for their definitions) and weight them equally
(equation (Riegler and Holzmann, [2018b)):

~ balhg + balvs

B,
2

(4.8)

4.1.1.8 Eighth formula to measure balance (SoE=1)

The eighth formula to measure balance is proposed by Streveler and Wasserman (Streveler
and Wasserman, 1984). It is computed as a comparison between the GUI objects center
of mass and the screen center. Their paper is not available online so only the theoretical
formula is shown below (equation (Zen and Vanderdonckt, 2014)):

2% /(Xcs — Xew)2+ (Yos — You)?
VIV + H?

Where W and H are the width and height of the interface, (X¢g,Yos) are the
coordinates of the center of the screen and (X, Your) are the coordinates of the center
of mass of the GUI objects.

BM =1 —

(4.9)

4.1.1.9 Ninth formula to measure balance (SoE=2)

The balance metric (Ba) is inspired by the concept of an equilibrium between two areas
separated by a vertical line. Balance is achieved by giving similar visual weight to both
sides. Since the quantification of this weight is subjective, a heuristic has been made that
considers weight as the accumulated height of the components on each side. The formula
is computed as follows (equation 4.10) (Lopez et al., |2013):

Nhac |hl - th
Ba=—|1——F—— 4.10
“ Ne ( hl + hr ( )

Where njp4. is the number of components horizontally aligned with other compo-
nents, n. is the number of components in the interface, h; is the accumulated height of

left side components and h, is the accumulated height of right side components.

4.1.2 Equilibrium (NoC=10)

Equilibrium on a screen is accomplished through centering the layout itself. A layout is
in equilibrium when its center coincides with the center of the frame. (Ngo, Samsudin,

et al., 2000; Ngo, Teo, et al., [2000b)).
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4.1.2.1 First formula to measure equilibrium (SoE=5)

Equilibrium (EM) is computed as the difference between the center of mass of the dis-
played elements and the physical center of the screen and is given by the equation [£.1]]
(Kar and Zain, 2007; Ngo and Byrne, [2001a) |2001b; Ngo, Teo, et al., 2000a, [2000b, 2003;
Zain et al., [2011; Zheng et al., 2009):

| EML| + [EM,|
2

EM =1

€ [0,1] (4.11)

Where EM, and EM, are the equilibrium components along the x-axis and y-axis
respectively (cfr section for the details about the calculation of these terms).

The equilibrium components depend on the coordinates of the centers of the interface
objects (z;,v;), the center of the frame (z.,y.), the surface area of the objects (a;), the
number of object on the frame (n) and the width and height of the frame (b qme and

R frame respectively).

4.1.2.2 Second formula to measure equilibrium (SoE=5)

The second formula to measure equilibrium (EM) is given by the equation [4.12] (Ngo and
Byrne, [1998; Ngo, Samsudin, et al., 2000):

EM = (x¢,yc) — (%0, Y0)
. (4.12)

EM = (2. — yo) — (e — %0)

Where (xg,yo) is the center of the layout, and (z.,y.) is the center of the frame. The
layout is composed of a set of objects of areas aj, ag, as... at points (z1,yl), (22,y2),
(23,43)... in the zy plane (cfr section for the calculation of these terms). By using
this formula, the equilibrium can be reached when EM = (0,0). This formula can therefore

estimate precisely if there is a vertical or horizontal disequilibrium.

4.1.3 Symmetry (NoC=17)

Symmetry can be represented as an axial duplication: when an element of screen design is
present on one side of the center line, it is exactly replicated on the other side. The center
line can be either vertical, horizontal or radial. Radial symmetry consists of equivalent

elements balanced about two or more axes that intersect at a central point (Figure [4.1)).
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Horizontal Vertical Radial
symmetry symmetry symmetry

Figure 4.1: Example of axes of symmetry (Walleriusz, |2015))

4.1.3.1 First formula to measure symmetry (SoE=5)

Symmetry (SYM) is the extent to which the screen is symmetrical in three directions:
vertical, horizontal, and diagonal and is given by the equation m (Kar and Zain, ;
Ngo and Byrne, 2001b; Ngo, Teo, et al., 2000al 2000b] [2003}, Salimun et al., [2010; Soui
et al., Zain et al., 2011} Zheng et al., 2009):

|SYMvertical| + |SYMho7‘izontal| + |SYM7’adml|
3

SYM=1-

€ 0,1] (4.13)

SY M erticat, SYMporizontat and SYM,..qia1 are, respectively, the vertical, horizontal,
and radial symmetries (cfr section for the definition of the formulas of these different
variables). Overall, the symmetry depends on the coordinates on the x and y-axis of the
center of the different objects in relation to the center of symmetry, the size of the objects
(their width and height) and the total number of objects present in each quadrant of the

interface.

4.1.3.2 Second formula to measure symmetry (SoE=5)

There is another formula for measuring symmetry. The formula of symmetry (SM) is
shown below (equation [4.14)) (Ngo and Byrne, 1998; Ngo, Samsudin, et al., [2000):

SM = {lgvr — 9rr),[9vr — 9rr]; [9vr — gurl; [9rL — 9rr]; [9ur — grr], l9ur — grL]}
(4.14)

Where g; is the weight of the quadrant j. The way of measuring the weight of a layout
is explained in section [6.3.2] The vertical symmetry is obtained if: gy, — grr = (0,0,0,0)
and grr — grr = (0,0,0,0). The horizontal symmetry is obtained if: gy, — gz, = (0,0,0,0)
and gur — gr = (0,0,0,0). Finally, the radial symmetry is obtained if: gy — grr =
(0,0,0,0) and gur — gr = (0,0,0,0) (Ngo, Samsudin, et al., 2000).
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The advantage of this metric is the possibility to obtain each type of symmetry indi-
vidually. Thus, vertical symmetry can be obtained without necessarily having horizontal

or radial symmetry for the interface.

4.1.3.3 Third formula to measure symmetry (SoE=4)

A third study defined symmetry as an analysis of the similarity of pixels on opposite
sides of an axis of reflection. The study proposes an algorithm that takes a microscopic
approach and compares each half of an image pixel by pixel (Bauerly and Liu, 2006).
The pixels that are close to the axis of reflection have a higher influence on the overall
impression of symmetry than the ones which are further away. Equation below gives
the formula of symmetry (s) (Bauerly and Liu, 2005, 2006, [2008):

2 v j—1
= — X1 4.1
=S xy (14227) (4.5

Where m is the pixel length of the image dimension that is parallel to the axis of
reflection, n is the number of comparisons required in each row or column of pixels, Xj; is
a binary variable which is equal to one when the pixel pairs are the same and zero when

they are opposite, i is the pixel row and j is the pixel column.

This formula has been validated empirically with a correlation of 0.78. The ratings
of the subjects of the study corresponded with the s values of the images presented in the

study.

4.1.3.4 Fourth formula to measure symmetry (SoE=5)

This fourth formula of symmetry is applied to an interface composed of text-overlaid
images. This formula is derived from the third formula of symmetry (equation
but takes into account the color attributes of the pixels via the formula presented in
section {.1.16.1] Two pixel blocks with a small HSV color difference are considered to
be more symmetrical than two with a large color difference. Therefore, when comparing
two corresponding pixel blocks for measuring symmetry, the difference value of symmetry
is considered to be proportional to the HSV (hue, saturation, and value) color difference
between the two pixel blocks. The computation models for the horizontal symmetry (Sg),

vertical symmetry (Sy), and radial symmetry (Sg) is given by equation [4.16] and
respectively (Lai et al., 2010):

2 L& h/2) — j
S1= 50T ;;(1 — ACy_sy) (1 + —Eh% = i) (4.16)
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2 & (w/2) — j
SVZW;; — ACij_iy) (HW) (4.17)

h/2 w/2

o= gy B0 s 1+ (8 24)
j=1 4.18
£ B (S

Where w and h are respectively the width and height of the image in pixel blocks,
(i’, j7) is the coordinates of a pixel on the opposite side of a given axis of reflection for a
pixel situated in (i, j) and AC is defined in the section . These formula have been
validated with a correlation of 0.976 for Sy, 0.849 for Sy and 0.833 for Sg.

4.1.3.5 Fifth formula to measure symmetry (SoE=3)

Miniukovich and De Angeli developed a fifth formula to measure vertical symmetry. This
formula is applied in a microscopic approach (at pixel scale). Firstly, screenshots are
taken on a website and an algorithm detects the image contours. Then, the algorithm
keeps only the vertical component of detected contours. The number of contour pixels is
reduced by taking a contour pixel and dismissing others in the 3-pixel radius and taken
as key points. Further, for each key point, the algorithm look for a match in the 4-pixel
radius area across the central axis. Then, the ratio of matches (k) to all key points
(kqu) is taken and normalized by the probability of key point match due to chance. The
probability of incidental match depends on the number of all key points, the size of match-
search area (S5,, which is a 4-pixel radius area) and the size of the screenshots (Ss). The
normalized ratio mentioned above (Sym,orm) is in fact the metric of symmetry (equation
4.19) (Miniukovich and De Angeli, 2014):

ks m (kall - 1) * Sa -
SYMporm = —2 4.19
ym kall i ( Ss ( )

This symmetry metric has been validated empirically but is moderately correlated

with complexity ratings of participants and did not correlate with aesthetics ratings.
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4.1.4 Sequence (NoC=11)

In visual design, the sequence refers to the arrangement of objects in a layout in a way
that facilitates the movement of the eye through the displayed information. Normally the
eye starts from the upper left and moves back and forth across the display to the lower
right. Moreover, the eye tends to move from big objects to small objects, from bright

colors to subdued colors, from color to black and white, and from irregular shapes to

regular shapes (Figure [£.2) (Ngo, Teo, et al., [2000D).

Sequence (good) Sequence (bad)

Figure 4.2: Comparison between a good and a bad sequence (Ngo, Teo, et al., 2000b)

4.1.4.1 First formula to measure sequence (SoE=5)

Sequence (SQM) is a measure of how information in a display is ordered according to a
reading pattern that is common in Western cultures and is given by the equation

(Altaboli and Lin, 2011; Kar and Zain, 2007, Ngo and Byrne, 2001b; Ngo, Teo, et al.,
2000al, 2000D;, [2003; Salimun et al., 2010; Zain et al., 2011):

SOM = 1— Zk:A,C,S Zj:UL,UR,LL,LR g5 — Uﬂ

. e0,1] (4.20)

with (qp 2,908, Aoy Aor) = (4,3,2,1): the weighting of the quadrant as it should be to

have the best sequence

if w;“ is the largest in w
k .

4 k
& 3 if w” is the 2" largest in w

2

1

k

j
if wk is the 3™ largest in w"

if wf is the smallest in w

j=UL,UR,LL,LR kE=AC,S

k

29



Where UL, UR, LL, and LR stand for upper-left, upper-right, lower-left, and lower-right
(the 4 quadrants of the interface). A, C and S are respectively the size, the color, and the
shape of the objects. v} is the effective weighting of each quadrant. Cfr section for

the details of the wf and w* calculations.

This metric is therefore useful to determine the sequence of an interface. A good

sequenced interface will have a SQM close to 1.

4.1.4.2 Second formula to measure sequence (SoE=5)

Another study by Ngo, Samsudin, et al., 2000 has defined sequence as an arrangement of
objects in a layout in a way that facilitates the eye movement. In order to improve the
sequence, this study suggests to manipulate the user’s attention thanks to eye attractors
and visual paths (cfr section for more information about attractiveness and visual
paths). The formula of sequence depends on the visual paths and is given by the equation
(Ngo and Byrne, 1998; Ngo, Samsudin, et al., 2000):

SQM = (p,d) (4.21)
Cfr section for the definitions of p (the existence of a path) and d (the length of the

path).

4.1.4.3 Third formula to measure sequence (SoE=2)

This third formula to measure sequence is used in the context of mobile applications.
The proposed formula to calculate this metric is given below (equation [4.22)) (Soui et al.,
2019):

>i(@ 222 Nij)

4n

SQM =1 — €[0,1  j=ULUR,LL, LR (4.22)

Where N; ; is the number of object on the quadrant j and n is the total number of
objects on the mobile user interface. Each quadrant is given a weighting with ¢y = 4,

qur =3, 9L = 2, qrr = 1.

4.1.5 Cohesion (NoC=7)
4.1.5.1 First formula to measure cohesion (SoE=5)

The cohesion is linked to the aspect ratio. The aspect ratio refers to the relationship of
width to height. In screen design, similar aspect ratios promote cohesion. Changing the

aspect ratio of a visual field may affect eye movement patterns sufficiently to account for
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some of the performance differences. The aspect ratio of a visual field should stay the

same during the scanning of a display (Ngo, Teo, et al., 2000b)).

Cohesion is a measure of how cohesive the screen is and is given by the following
formula (equation [4.23|) (Ngo and Byrne, |2001b; Ngo, Teo, et al., 2000a, 2000b, [2003;
Salimun et al., [2010)):

|CM | + [CM,,|
2

CM = € [0,1] (4.23)
CMy, is a relative measure of the ratios of the layout (1) and the frame of the screen
(f). CM,, is a relative measure of the ratios of the objects (o) and layout (1). The detailed

calculations of these terms is explained in section [6.5.1]

The main variables that influence cohesion are the widths and heights of the interface

objects, the layout and the frame as well as the number of objects on the frame.

4.1.5.2 Second formula to measure cohesion (SoE=4)

This second formula measure the screen layout cohesion (SLC). The screen layout cohesion
is composed of 4 metrics of cohesion based on 17 aesthetic and structural attributes (GLC,
UGLC, WLC and SR). The 4 metrics are presented and calculated more in details in
section [6.5.2]

The formula of SLC is shown below (equation 4.24)) (Alemerien and Magel, 2015)):

SLC:GLC’*W1+UGL021W‘//I/21+WLC+SR*W1 (4.24)

Where GLC' is the Group Layout Cohesion, UGLC' is the UnGroup Layout Cohe-
sion, W LC'is the Widget Layout Cohesion and SR is the Semantic Relatedness (SR). The
values of GLC' and UGLC' are weighted based on the number of grouped and ungrouped
widgets to the total number of widgets on a given user interface (W1, W2), respectively.
In addition, SR is weighted by W1 because SR represents the semantic relatedness of
widget groups on a given user interface. The SLC metric has been validated empirically

with a correlation of 0.897.

4.1.5.3 Third formula to measure cohesion (SoE=1)

In a study performed by Kokol, Rozman and Venuti, cohesion was measured in terms of
relationship between data on one screen. If all data on the screen belongs to the same

entity, the cohesion is high. If data on one screen are attributes of two or more related
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entities, this is medium cohesion and if data do not relate directly, this is called low
cohesion. This is presented in the formula below (equation [4.25)) (Kokol et al., [1995):

(WeNe + WReNRe + WuNu)
(Ne + NRe + Nu)

COH; = (4.25)

where COH; is the cohesion for one entry screen, N, is the number of data belonging
to the same entity, Ng. is the number of data (together) which belong to related entities,
N, is the data which belongs to unrelated entities. W are the weights (arbitrary set by

the researchers). Finally the value of cohesion of an entire interface is given as:
COH =) (COH),

4.1.6 Unity (NoC=9)

According to Ngo, Teo, et al., 2000b, unity allows the elements of visual design to seem
like they belong together, to dovetail so completely that they are seen as one thing. Unity
is achieved by using similar sizes, shapes, or colors for related information and leaving

less space between elements of a screen than the space left at the margins.

4.1.6.1 First formula to measure unity (SoE=5)

Unity (UM) is the extent to which the screen elements seem to belong together and is
given by the formula below (equation [4.26)) (Altaboli and Lin, [2011; Ngo and Byrne,
2001a) 2001b; Ngo, Teo, et al., 2000a, 2000b|, 2003 Purchase et al., 2011; Salimun et al.,
2010)):

’UMform’ + ’UMspace‘

M:
u 2

e [0,1] (4.26)

Where UM ¢4, is the extent to which the objects are related in size with:

size 1
UMform =1~ n—
n

Ngo went further in the definition of UMy,,,, where it depends on the size, shape,
and color of objects (Ngo, Teo, et al., 2000b):

Nsize T Neolor + Nshape — 3

UMfopm =1 —
/ 3an

UMpace 1s a relative measure of the space between groups and that of the margins:
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n

alayout - Zz a;
n

aframe - Zz a;

UMspace =1-

Where a;, Giayout; and agrqme are the areas of object ¢, the layout, and the frame,
respectively. 7ize, Neolor, aNd Ngpape are the numbers of sizes, colors, and shapes used

respectively, and n is the number of objects on the frame.

4.1.6.2 Second formula to measure unity (SoE=2)

The formula is proposed by Soui et al., 2019 in the context of mobile applications. As the
screen size of the smartphone is not the same as of a computer, it is necessary to adapt
the information quantities and the form of information. The unity is the extent to which
the components are correlated in size and number of space between groups and margins.
A good unity is obtained by using the optimum number of size component (minimize the
uses of different sizes in the mobile interface) and leaving less space between objects. The
formula of unity is given below (equation (Soui et al., 2019)):

Nsize -1 sc ;! 7
UM:1—<O.5[| | la +ZZQ|D e 0,1] (4.27)
n 2apurT

Where Ny;.. is the number of various sizes belong into used objects, n is the number
of objects, aypr is the area of the mobile interface, a,. is the area of the screen and a; is

the area of the interactive object i.

4.1.7 Proportion (NoC=5)
4.1.7.1 First formula to measure proportion (SoE=5)

For thousands of years, people and cultures have loved proportional shapes. In screen
design, aesthetically pleasing proportions should be considered for major components of
the screen, including windows and groups of data and text in order to improve the user

experience.

The following shapes (with their proportions) are considered as aesthetically pleasing
(Ngo et al., 2003):

e Square (1:1)

e Square root of two (1:1.414)

Golden rectangle (1:1.618)

Square root of three (1:1.732)

Double square (1:2)
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Proportion (PM) is the comparative relationship between the dimensions of the
screen components and proportional shapes and is given by the equation m (Ngo and
Byrne, 2001a; Ngo, Teo, et al., 2000a}, 2000b|, 2003):

’PMobject| + |PMlay0ut‘
2

PM =

c [()’ 1] (4.28)

PMogpject is the difference between the proportions of the objects and the closest
proportional shapes. PM;qy0u¢ is the difference between the proportions of the layout and
the closest proportional shape (cfr section for details of the calculations of these
terms). Overall, they depend on the width and height of the interface objects, the width
and height of the layout and the proportion of the interface shapes.

4.1.7.2 Second formula to measure proportion (SoE=1)

This second formula of proportion (V) proposed by Harrington et al., 2004 is given below

(equation [4.29)):

_|Zi — R

Var =1
R

€ [0,1] (4.29)
With Z;: the ratio of width and height of the major content elements and groups

of elements on a page and R: the golden ratio between width and height and equal to

2/(1++/5) = 0.618.

4.1.8 Simplicity (NoC=9)
4.1.8.1 First formula to measure simplicity (SoE=5)

Simplicity (SMM) is a combination of elements that results in ease in comprehending the
meaning of a pattern. Simplicity in screen design is achieved by optimizing the number

of elements on a screen and minimizing the alignment points.

It can be easily measured by the equation (Chettaoui and Bouhlel, 2017, Fu
et al., 2007, Ngo and Byrne, 2001aj, 2001b; Ngo, Teo, et al., 2000a}, 2000b| 2003; Purchase
et al., 2011)):

SMM = 5 €0,1] (4.30)

Nyap + Nhap +n

Where n,,, and npq, are the numbers of vertical and horizontal alignment points

and n is the number of objects on the frame.
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4.1.8.2 Second formula to measure simplicity (SoE=4)

This second formula measure the vertical and horizontal alignment of objects in two
levels: a group level (Local Alignment) and a screen level (Global Alignment). These two

alignment levels are then combined to calculate the Total Screen Alignment Complexity
(TAC) (equation [4.31)) (Alemerien and Magel, 2014)):

TAC = AC x weightl + S A * weight2 (4.31)

Where AC is the Alignment Complexity, SA is the Screen Alignment (cfr section
for the definition of AC and SA), weightl is the ratio of the number of grouped-
objects to the total number of objects on the screen and weight2 is the ratio of the number
of ungrouped-objects to the total number of objects on the screen. The simplicity can
be obtained my minimizing the TAC value. This formula has been empirically validated

with a correlation of 0.836.

4.1.9 Density (NoC=9)

4.1.9.1 First formula to measure density (SoE=5)

Density is the extent to which the screen is covered with objects. Density is achieved by
minimizing screen density levels. The density (DM) can be measured by the percentage
of object on the entire frame by the following formula (equation (Fu et al., 2007}
Ngo and Byrne, 2001al, 2001b; Ngo, Teo, et al., 2000a, |2000b, 2003)):

DM =1-2 ‘0.5 _ 2 ) (4.32)

Q frame

Where a; and afpqme are the areas of object ¢ and the frame; and n is the number

of objects on the frame.

4.1.9.2 Second formula for density (SoE=2)

A second formula to measure density in the context of mobile applications has been
proposed (Soui et al., [2019). They found that an user with a low motivation to be
continually interested and to make an effort to achieve a goal prefers a mobile user interface
with a low-density level. Density is calculated by the equation (Soui et al., [2019):

n
Zi a; i apmur
apmur Qsc

DM = 0.5

(4.33)

Where n is the number of interactive objects, ayp; is the area of the mobile interface, a,.

is the area of the screen and a; is the area of the interactive object 1.
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4.1.9.3 Third formula to measure density (SoE=4)

The third formula of density developed by (Alemerien and Magel, 2014) takes into account
the local density (LD;) of a group of object j and the global density (GD) to obtain the
Density-Complexity (DC) formula given below (equation [4.34)):

" LD;
LXh:<ZtL—i>*W1+GD*WQ (4.34)
n

Where W1 is the ratio of the area of groups to the screen area and W2 is the ratio

of ungrouped area to the screen area. LD; and G D are defined below:

dobjects
s
LD; ===

J

Size of object i in a group j

Area of group j

ungroupedobjects

QD — 2ek=1 Size of object k

Area of ungrouped

This formula has been empirically validated with a correlation of 0.683.

4.1.9.4 Fourth formula to measure density (SoE=5)

This fourth formula of density is specifically applied to Android applications. The density
metric (D) shows how cluttered or empty the user interface is. The equation shows
that the areas A, s, of all GUI elements Uy are summed up and related to the area A of

the entire screen s, resulting in the density Dy (Riegler and Holzmann, 2018b)):

U.
1 s
Dy=—% Aus 4.
1453i1 , (4.35)

4.1.10 Regularity (alignment) (NoC=11)

Regularity is an uniformity of elements based on some principle or plan. Regularity
can be achieved by establishing standard and consistently spaced horizontal and vertical
alignment points for screen elements and by minimizing the alignment points (Ngo, Teo,
et al., 2000b). Experience in practical comparisons of real-world designs suggests that
height and width, as well as bottom and right edge alignments are also factors in subjective
judgments of visual regularity. A way to improve the usability is to improve the regularity
because highly chaotic arrangements are more difficult to use (Noble and Constantine,

1996).
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4.1.10.1 First formula to measure regularity (SoE=5)

It is possible to measure how regular the screen is thanks to the formula of regularity
(RM) given below (equation [4.36)) (Ngo and Byrne, 2001bj; Ngo, Teo, et al., 2000al, |2000b,
2003; Salimun et al., [2010; Zen, 2013):

|RMalignment | + | RMspacing ‘

M:
& 2

e 0,1] (4.36)

RM giignment 1s the extent to which the alignment points are minimized and RMpacing
is the extent to which the alignment points are consistently spaced (cfr section for
details of the calculations of these terms). Overall, they depend on the numbers of vertical
and horizontal alignment points, the number of distinct distances between column and

row starting points and the number of objects on the frame.

4.1.10.2 Second formula to measure alignment (SoE=2)

A second formula to measure regularity (RM) is given, in the context of mobile applica-
tions, by the equation [4.37] (Soui et al., [2019):

N(w + Nah + Nsp
3

Where N,, is the number of vertical alignment points (number of rows), Ny;: the number

RM =1-—

€ [0,1] (4.37)

of horizontal alignment points (number of columns), Ny, is the number of distinct distances
between column and row starting points and n is the number of component of the mobile

user interface.

4.1.10.3 Third formula to measure regularity (SoE=2)

Regularity is a structural metric that measures the uniformity or orderliness of the user
interface layout. It is based on the principle that ease of use is hampered by very chaotic
arrangements. The uniformity of the layout focuses on the spatial arrangement of the
interface components. An user interface with a regularity score of 0.6 to 0.9 is considered

as a good interface (see equation [4.38) (Lau and Wilson, |1998):

(Nsize + Ntop + Nleft) —A
3C - A

Regularity = 1 — (4.38)

Where C'is the number of components on the screen, Ny ., Niop and Nig¢ are the
number of different sizes, top edge alignments and left edge alignments of components
respectively. A = [2\/5] + 1 is an adjustment for the minimum number of possible

alignments and sizes.
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4.1.10.4 Fourth formula to measure regularity (SoE=2)

The fifth formula to measure regularity is expressed as the layout uniformity of the in-
terface in the paper of Noble and Constantine (Noble and Constantine, [1996)). In fact,
the layout uniformity is a synonym of regularity because they measure the same things
(alignment and uniformity/orderliness of an user interface layout). They defined the
layout uniformity (LU) as follows (equation (Noble and Constantine, 1996):

N+ Ny + Ni+ N+ Ny, +N,) — M
6% N, — M

LU:smo*(1—< )e[&lmﬂ (4.39)

Where N, is the total number of components on the screen, dialogue box, or other
interface composite, and Ny, N,,, N, N;, N, and N, are, respectively, the number of differ-
ent heights, different widths, different top edge alignments, left edge alignments, bottom
edge alignments, and right edge alignments of visual components. M is an adjustment for
the minimum number of possible alignments and sizes that makes the value of LU range
from 0 to 100:

A4:2+2*PMNMA

with "[  ]" denoting « smallest integer greater than ». Layout Uniformity is based
on the argument that highly chaotic arrangements are more difficult to use. However,
complete regularity is not the goal. Indeed, moderately high regularity characterizes
good designs (LU between 0.5 and 0.9) (Noble and Constantine, 1996).

4.1.10.5 Fifth formula to measure alignment (SoE=4)

In their paper, Riegler and Holzmann describe the misalignment metric (Riegler and

Holzmann, |2018b). This metric formula is specifically applied to Android applications.

In order to calculate the misalignment metric M, the mean number of horizon-
tal (numhy), vertical (numu;) and central alignments (numc;) of pairs of neighboring
elements of a screen s is calculated as follows (equation [4.40)) (Riegler and Holzmann,

2018D):

M, =1 — (numh, + numv; + numc;) (4.40)

From this formula it is therefore possible to measure alignment or regularity, by

calculating 1 — M,. The calculation of the terms of M, is described below:
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Where Ay, is the area of a group g of GUI elements on the screen s, A, is the area
of the screen, G, is the weighted arithmetic mean of the width and height elements over
all groups, numh, ; is the number of horizontal alignments in a group g and num, , is the

number of possible alignments (horizontal, vertical and central) in a group. The mean

number of vertical and central alignments numv, and numc, are calculated in a similar

way.

4.1.10.6 Sixth formula to measure regularity and alignment (SoE=2)

Examples of alignment formulas are given in a book written by Lopez S., Simarro and
Lopez P. The formulas consist of 3 different alignment formulas which calculates the hori-
zontal, vertical and perpendicular alignment separately and one formula of regularity. The
first one, called linearity, measures the horizontally aligned arrangement of the element
in the interface. Equation shows the linearity metric (Li) (Lopez et al., 2013):

Nhae X N
Li= —hac” Tva (4.41)
ng
Where njq. is the number of components horizontally aligned with other compo-
nents, n,, is the number of different vertical alignments and n. is the number of compo-

nents in the interface.

The second one, called sequentiality (Se), is the vertically analogous metric to lin-
earity (equation [4.42)) (Lopez et al., 2013):

Nyae X N
Se = —vac = ha (4.42)
ne
Where 1,4, is the number of components vertically aligned with other components,ny,,
is the number of different horizontal alignments and n. is the number of components on

the interface.

The last formula of alignment proposed is called orthogonality. It considers the
perpendicular alignment of elements of different shapes and sizes and ensures that every
component is horizontally and vertically aligned. The expression of this metric (Or) is
shown below (equation (Lopez et al., [2013)):

Or = Hvae = Nhac (4.43)

2
ne
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Where nj,. is the number of components horizontally aligned with other compo-
nents, n,, is the number of components horizontally aligned with other components and

n. is the number of components in the interface.

The formula of regularity proposed is shown below (equation {4.44) (Lopez et al.,
2013):

Nyac X Mhac X (nc — Ny + ]—)
ng

Re = (4.44)

Where 1,4 is the number of components vertically aligned with other components,
Nhae 18 the number of components horizontally aligned with other components, n, is the

number of components in the interface and n; is the number of different shapes.

4.1.11 Economy (NoC=5)

4.1.11.1 First formula to measure economy (SoE=5)

The economy consists in using as few display elements as possible. The objective is to
convey a message in the simplest possible way. This can be done with minimal use of

colors, technical displays and font style or visual design elements (Ngo, Teo, et al., [2000b)).

The formula of economy (ECM) is given below (equation [4.46) (Ngo and Byrne,
2001a;, 2001b; Ngo, Teo, et al., 2000a;, 2003; Salimun et al., 2010):

ECM =

0,1 4.45
Nsize © [ 7 ] ( )
Ngo went further in the definition of economy (ECM) with this formula (Ngo, Teo,

et al., 2000b)):

BECM — 5 €10,1] (4.46)

Nsize T Neolor + Nshape

with: 7gize, Neotor, aNd Ngpape, the numbers of sizes, colors and shapes used respec-

tively.

4.1.12 Homogeneity (NoC=5)
4.1.12.1 First formula to measure homogeneity (SoE=5)

The relative degree of homogeneity of a composition is determined by how evenly the

objects are distributed among the four quadrants of the screen. The degree of evenness is
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a matter of the quadrants that contain nearly equal numbers of objects (Ngo, Teo, et al.,
2000b)).

Homogeneity (HM) is a measure of how evenly the objects are distributed among
the quadrants and is given by the formula below (equation 4.47) (Ngo and Byrne, |2001b;
Ngo, Teo, et al., 2000a) 2000bj, 2003 Soui et al., 2019):

HM =

€[0,1 4.47
i €l0.1] (4.47)
W is the number of different ways a group of n objects can be arranged for the four

quadrants when n; is the total number of objects in quadrant j.

W n n!
[licvivrreirni  noilnurnic!neg!

W is maximum when the n objects are evenly allocated to the various quadrants of

the screen and therefore:

Wma:v - -

with nyr, nur, nrr, and nyr the numbers of objects on the upper-left, upper-right,
lower-left, and lower-right quadrants, respectively and n the number of objects on the

frame (Ngo, Teo, et al., 2000Db)).

4.1.13 Rhythm (NoC=6)
4.1.13.1 First formula to measure rhythm (SoE=5)

Rhythm in visual design refers to regular changes in the elements used. It combines
order with variation to make the appearance exciting. Rhythm is accomplished through

variation of arrangement, dimension, number and form of the elements.

Rhythm (RHM) is the extent to which the objects are systematically ordered and is
given by the equation m (Kar and Zain, [2007; Ngo and Byrne, 2001b; Ngo, Teo, et al.,
2000a), | 2000b;, 2003} Zain et al., [2011)):

[RHM,| + |[RHM,| + [RHM,;q|
3

RHM =1 — € [0,1] (4.48)

The rhythm components are defined more in details in section [6.9.1 They depend
on the coordinates of the center of the frame, the coordinates of the centers of the interface

objects, the area of the interface objects and the total number of objects on the quadrant.
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4.1.14 White-space fraction (NoC=1)

A study by Harrington et al. has defined a design rule: white space (including margins)
should total about half of the total page area. The non white-space area can be estimated

by totaling the areas of the content objects (Harrington et al., 2004] ).

4.1.14.1 First formula to measure the white-space fraction (SoE=1)

The formula proposed by Harrington et al., 2004 to measure the white-space fraction
(Viws) is given below (equation {4.49)):

2
V1424 o5 (4.49)
AP

Where A; is the area of object i and A, is the area of the page.

4.1.15 Composition (NoC=3)
4.1.15.1 First formula to measure composition (SoE=2)

This metric is used in the context of mobile applications and serves to increase the visual
clarity of the GUI by the meaningful arrangement of the interface components. The
objective of this metric is the visual and semantic grouping of the components that are
related in the same border (the line, the color, the shape, etc.). This metric counts the
number of objects that have a clear boundary by the group. In general, a composition
close to 1 helps younger or older users with low computer skills to interact with the system.
To measure this, we use the following formula (equation (Soui et al., 2019):

COM =1— % € [0,1] (4.50)

Where G is the number of groups with clear boundary by line, background, color,
or space, UG is the number of ungrouped objects and n is the number of component of

the mobile user interface.

4.1.15.2 Second formula to measure composition (SoE=3)

This metric of composition, called « Grouping metric» in the paper written by Alemerien
and Magel, measures the number of objects that have a clear boundary by line, back-
ground, color, space, or size (Alemerien and Magel, |2014). The formula of composition

calculates the percentage of grouped and ungrouped objects (G and UG respectively).
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Finally, the grouping complexity (GT) is obtained as shown below (equation 4.51)
(Alemerien and Magel, 2014)):

GT =UG +GC (4.51)
with :
SN GwW
=] — ===
UG N

GC = % x Weight

Where N is the total number of objects on the screen, G is the ratio of the number
of different object types to the total number of objects (M) in all groups. Weight is the
ratio of total number of grouped objects to total number of objects on the screen. GW is
a variable that indicates whether the object is grouped or not. The value of GW equals
1 if the object exists in a group, otherwise GW equals 0. The formula of the grouping

complexity has been empirically validated with a low correlation of 0.462.

4.1.15.3 Third formula to measure composition (SoE=3)

Under the grouping technique, elements with similar functions or information are sur-
rounded by a boundary by line, background color and /or space. Grouping makes it easier
for the users to extract the information assigned to the group. The method for calculating

the grouping complexity is computed as follows (equation [4.52)) (Fu et al., 2007):

oG =% ¢co,1] (4.52)

g
Where g; is the number of groups with clear boundary by line, background, color,
or space and g is the total number of groups. This formula has been empirically validated
but no correlation value was given. The study only concluded that the proposed formula

is useful.

4.1.16 Color contrast (NoC=2)

Contrast refers to the juxtaposition of visually dissimilar elements in order to convey the
fact that these elements are different. It provides the eye with a noticeable difference
between two objects or two sets of objects. In this case, we will talk of the color contrast

which can provoke an emotion to the user or emphasize/deemphasize text elements.
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4.1.16.1 First formula to measure color contrast (SoE=5)

The color model used to compute this metric is the HSV model (hue, saturation, and
value). Hue varies from 0° to 360° while the corresponding colors vary from red through
yellow, green, cyan, blue, magenta, and back to red. Saturation varies from 0 (unsat-
urated) to 1 (fully saturated). Value varies from 0 to 1 with the corresponding colors
becoming increasingly brighter (Figure .

v
A White, =0,V =1

Red, H=0°

Green, H = 120°

..............
anes

Black, V=0
Figure 4.3: The coordinate system for the HSV color space (Lai et al., 2010)

The color difference between two colors, (H1, S1, V1) and (H2, S2, V2), is therefore
given as (equation [4.53)) (Lai et al., 2010):

1

AC =
V4

V (Vi 4 Vi) + (Vi SicosHy — VaSscosHy)? + (ViSysinHy — VaSysinH,)?
(4.53)

A human perceives quite differently two colors with a AC close to 1 while the AC
of two perceptually similar colors is close to 0. Therefore, a pixel block with a large
AC against the color of the background region should appear to be more contrasted and

visually heavier than one with a small AC.

4.1.16.2 Second formula to measure color contrast (SoE=2)

In their paper, Miniukovich and De Angeli calculated the figure-ground contrast. They
defined this term as the difference in color or brightness between two adjacent areas. This
difference forms an edge and the magnitude of this difference defines the strength of the
edge (Miniukovich and De Angeli, . They used a microscopic approach (pixel scale)

to generate a formula for this metric.

In their study, they analyzed screenshots of web pages. The edges of two adjacent

areas were detected by using an algorithm which requires two input thresholds in the
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range of 0 to 1: low and high. Lower input thresholds detects more edges while higher
thresholds detects fewer edges. In the paper of Miniukovich and De Angeli, the threshold
varied from 0.1 to 0.7 with a step of 0.1, which gave seven levels (I) of edge strength
(E;). The edge pixels were counted for each level and the difference between successive
levels was computed. Then, the differences were weighted and summed up. The weakest
edges received the highest weight, since they contribute the most to the difficulty of visual
differentiation. The last step was to normalize the sum by the total number of edge pixels.
The figure-ground contrast metric (E,,,.,) is finally computed as follows (equation
(Miniukovich and De Angeli, 2014)):

E = Zle((E, —Epq) x(1— (1;3_1)))
norm El — E6

(4.54)

This formula has been empirically validated with a low correlation (0.46).

4.1.17 Color complexity (NoC=1)

The use of color in an user interface has been shown to improve performance and visual
search time, to facilitate organizing information and to aid memory. Color can also create
positive user perceptions and is preferred to monochromatic screens. A colored interface
is seen less monotonous, reduce eye strain, and is more globally more pleasant (Riegler
and Holzmann, 2018b). Research has found that if the number of colors on a display
is increasing, the response time to a single color rises and color confusion is more likely
(Luria et al., 1986). A study found that the maximum number of colors that a person
can handle is in the range of 4 to 10, while lower numbers should be encouraged (Brooks,
1965)).

4.1.17.1 First formula to measure color complexity (SoE=3)

This metric of color complexity is applied specifically to Android applications. The metric
is based on the number of dominant colors. Dominant colors are occurring more frequently
on a pixel-basis than non-dominant colors. The algorithm also computes the difference
in terms of HSV value for the dominant colors to obtain the formula of color complexity

shown in equation [4.55] (Riegler and Holzmann, [2018b):

numc [
C _ numcmszzm + (1 - CC?’)’LS) + Chs,hs+1
s =
3

(4.55)

Where numemaz denotes the maximum number of dominant colors on a certain
screen of the whole user interface, numc, is the number of dominant colors c¢q,cs,.. on
is

screen s, cCm, is the average color combination match of the dominant colors and ¢y, .,
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the color combination match of the current screen’s color histogram h and the succeeding
screen’s color histogram hg,; (cfr section |6.10.1] for more details on the calculation of the
variables). This formula was empirically validated with a low correlation (around 40% on

three different applications).

4.1.18 Typography complexity (NoC=1)
4.1.18.1 First formula to measure typography complexity (SoE=5)

Typography plays an important role in application design. Smaller fonts lead to a higher
fixation duration and thus reduce the reading performance. On the other side, choosing
a larger font size increases legibility. The color contrast can also influence the legibility
of the text (Riegler and Holzmann, 2018b).

The formula of typography complexity presented below is applied in the context of
Android applications. Typographic aspects that are analyzed in this formula include the
number of different text sizes, or heights of text elements, the average text size and the
average text foreground /background color combination match. The formula of typography
complexity (T) is given below (equation (Riegler and Holzmann, 2018b)):

numtmazx tmazx

3

—numts +<1 L. )+(1—Tms)
T, =

(4.56)

Where numt, is the number of different text sizes, or heights of text elements,
numtmax denotes the maximum number of text sizes and tmax denotes the maximum
text size, both on a certain screen of the whole user interface. ¢, is the average text size
which is determined by calculating the average height of all text elements found on the

screen s and c¢cmy is the average text foreground/background color combination match
(cfr section [6.10.1] for the calculation of this term).

4.1.19 Essential efficiency (NoC=1)
4.1.19.1 First formula to measure essential efficiency (SoE=3)

A well designed user interface should have as few steps as possible to achieve the user’s
goal. Essential efficiency is the ratio of the number of steps in the essential use case to
those that are required to perform the task with a given user interface. It measures how
close a given design is to the essential use case model, in terms of the number of steps
involved to perform a task or collection of tasks (equation (Lau and Wilson, 1998):

Essential Length

Essential Efficiency = (4.57)

Operational Length
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Where Essential Length represents the essential minimum number of steps from
users’ perspective. Essential efficiency computed for a given user interface design with a
value of 1 or close to 1 indicates that the design is efficient in performing the given tasks
(Lau and Wilson, 1998)).

4.1.20 Size complexity (NoC=2)
4.1.20.1 First formula to measure size complexity (SoE=5)

The size complexity can influence the global complexity of the interface. Alemerien and
Magel, |2014] have developed a formula to measure the Object Size Complexity (SC%) and
the overall size complexity (SC). The formula is given below (equation (Alemerien
and Magel, [2014)):

SO SOy, + Weight (k)
W,

SC = (4.58)

with:

> S
SCr = =15—

Where N is the number of objects in type kth and S; is the number of different
sizes, S; is 1 if the object size is not counted before and 0 if the object size is counted.
W; is the number of objects types and Weight(j) is the number of objects in category
jth divided by the total number of objects on the screen. The formula of the overall size

complexity has been empirically validated with a correlation of 0.943.

4.1.20.2 Second formula to measure size complexity (SoE=3)

Size complexity involves the categorization of elements into groups according to actual
physical size and variation in those sizes. It is based partially on information order, and is
calculated for each type of information so that the complexity don’t increase significantly
when different information appear in different sizes. In terms of the magnitude size of
the size complexity (CS), objects are related to size as follows (equation (Fu et al.,
2007)):

type

e 1
SC=1- 21 ("n ) ¢ [0,1] (4.59)

Where ng;.. is the number of sizes and n is the total number of objects. This formula has
been empirically validated but no correlation value was given. The study only concluded

that the proposed formula is useful.
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4.1.21 Visual coherence (NoC=2)

4.1.21.1 First formula to measure visual coherence (SoE=3)

Visual Coherence (VC) measures how closely visual organization matches the semantic
relationships among concepts associated with components. It is based on the principle

that well-structured interfaces group semantically related components together.

Visual Coherence of a visual group is the ratio of the total « relatedness » of pairs
of visual components to the total number of pairs. Total VC for a screen or dialogue box
is the sum of the VC for each level of grouping (equation (Constantine, 1996; Noble
and Constantine, 1996)):

>y G
VC =100 * (Zw By *?lNll— 1)/2) (4.60)

with Gy = Zw,j\i;ﬁj R;

Where N; is the number of components in group ¢, I2; ; is the semantic relatedness
between components ¢ and j. In practice, semantic relatedness can be simplified to R; ; =
1 if components ¢ and j are « substantially related », R;; = 0 otherwise. This formula
correctly favors organizing user interface components into subgroups, but only so long as
the groups make sense, that is, they enclose substantially related components (Noble and
Constantine, [1996]).

This metric is one of the few that takes into consideration the semantic aspect and

is therefore very interesting.

4.1.22 Element smallness (NoC=1)
4.1.22.1 First formula to measure element smallness (SoE=5)

E,, the screen smallness, is a measure of the size of GUI elements on a certain screen s.
This formula is specifically applied to Android applications. Firstly, the screen is divided
into groups. A group g is defined as a region of interest on the screen, which contains one
or more GUI elements belonging together. There are various criteria for the formation of
groups such as common background color, position on the screen or functionality. Then,
the mean element width and height of each group g of a screen s (width, and height,
respectively) is calculated from the width,,, and heigth, , ; of each element u in this

group (cfr section [6.11.1) for more details). Finally, widths and heights are combined to a
single metric : Fj, the screen smallness (equation 4.61)) (Riegler and Holzmann, [2018b)):

widthg height
E, = <1 _ Widzhs) JQF (1 _ heiim) (4.61)
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Where width, and height, are the width and height of the screen s. Smaller objects
tend to be harder to identify and interact with, so this metric needs a higher score for

smaller elements and smaller score for higher elements.

4.1.23 Edge congestion (NoC=1)
4.1.23.1 First formula to measure edge congestion (SoE=4)

Edge congestion relies on the notion of critical spacing — minimal distance between objects
at which the user starts having difficulties differentiating the objects (Miniukovich and
De Angeli, 2014).

Miniukovich and De Angeli have developed an algorithm to detect edges on a screen-
shot of a web page. This metric is applied in a microscopic approach by comparing the
position of the different pixels of the screenshot. If at least two pixels of two different
edges are in the same 20-pixel vicinity, they are marked as congested. The marking is
done in both horizontal and vertical directions. Finally, the edge congestion metric is
defined as the ratio between congested pixels (p.) to all edge pixels (p,) (equation
(Miniukovich and De Angeli, 2014):

cong = Pe (4.62)
Pa

This metric has been validated empirically with a low correlation of 0.53.

4.1.24 Concentricity (NoC=1)
4.1.24.1 First formula to measure concentricity (SoE=1)

The concentricity metric measures how the interface objects are gathered in the center of
the interface or rather kept in the corners (Zen and Vanderdonckt, [2014). Equation m
shows the formula of concentricity (C) (Zen and Vanderdonckt, [2014)):

O d
ddiag

(4.63)

It can be measured using the average of distances between the interface center and
each object center (Zen and Vanderdonckt, |2014).
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4.1.25 Order and complexity (NoC=13)
4.1.25.1 First formula to measure order and complexity (SoE = 5)

By compiling some of the formulas described above, it is possible to create a scale of order
or complexity with extreme complexity at one end and minimal complexity (order) at the
other (Ngo, Teo, et al., 2000b).

The order and complexity scale (OM) is measured as shown below (equation |4.64))
(Kar and Zain, 2007; Ngo and Byrne, [2001a) |2001b; Ngo, Teo, et al., 2000a, [2000b, 2003;
Zain et al., [2011)):

213 CYZ'MZ'
OM = =i Q%
13

cl0,1, 0<am<l1 (4.64)
with

M = (M, My, M3, My,Ms, Mg, M7, Mg, My, Mo, M11,M1,M:3)

— (BM, EM, SYM, SQM, CM, UM, PM, SMM, DM, RM, ECM, HM, RHM)

Where BM, EM, SYM, SQM, CM, UM, PM, SMM, DM, RM, ECM, HM and RHM
is given by equation [T} 1.1} [1.13) [4.20] [£.23] [1.26] [£.28] [1.30} [£.32] [£.36] [1.46] [£.47 and

[4.48 respectively. The weighting component « is assumed to be a constant. Aesthetic

measure M; has its own weighting component «;. The choice of weights is an optimization

problem that needs to be solved with mathematical algorithms (Ngo, Teo, et al., [2000b)).

The strength of evidence level is 5 for this formula. Each metric listed above has
been calculated and applied to more than 50 different screens. Then, an empirical study
has been performed with a high correlation (0.930) between the relative ratings by the
viewers and those obtained using the computational measures. A further study (Ngo and
Byrne, 2001b) showed that BM, SQM, UM, PM, DM and HM account for most of the

variability in overall ratings, but the others metrics have less impact.

4.1.25.2 Second formula to measure order and complexity (SoE=5)

This second formula of order and complexity is derived from the Birkhoff’s formula of
the measure of order and complexity (M): M = O/C. Where O is the order and C the
complexity (Birkhoff, 1933).

The formula proposed by Ngo computes 4 different metrics defined previously and
is given by the equation m (Ngo and Byrne, 1998; Ngo, Samsudin, et al., 2000):

_ Oy + Opm + Osy + Osoum

M
C

€ [0, 3] (C >0) (4.65)
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Where Op), is a measure of balance, Ogj; is a measure of equilibrium, Og); is a measure
of symmetry, and Oggas is a measure of sequence. The complexity C of a layout is defined
as the number of its components (cfr section |6.12.1] for more details on these terms).

This formula has been verified empirically by comparing the order value obtained
from the formula to the order perceived by the subjects of the study. The correlation
was very high (0.97).

4.1.25.3 Third formula to measure complexity (SoE=3)

Guangfeng Song has developed an algorithm to measure complexity and visual segmenta-
tion of Web pages (cfr section [6.12.2| for the explanations of the algorithm). The formula
of complexity is given below (equation 4.66)) (Song, [2007):

_ > CSk

C S,

(4.66)

Where C}, and S are the complexity and size of sub-block k.

Overall, the algorithm analyzes the interface to generate blocks that are hierarchi-
cally arranged. The formula is then used in the hierarchy of blocks from bottom to top.
The lowest level blocks are assigned a complexity equal to the number of objects they
enclose. The estimated complexity of the whole web page is finally calculated with the
complexity of all first level blocks (Song, [2007)).

This formula has been validated empirically. However, the correlation of the es-
timated complexity of the first level of blocks with the perceived complexity was low
(0.433).

4.1.25.4 Fourth formula to measure complexity (SoE=3)

A study, written by Soui et al. in the context of mobile applications, proposes that
novice users usually prefer an interface with a low level of complexity while users having
higher education level prefer Mobile User Interfaces with a high level of complexity. The
complexity metric is therefore calculated as follows (equation (Soui et al., 2019):

_ Nvap + Nhap

CM
2n

e 0,1] (4.67)

Where N,qp, is the number of vertical alignment points, Np,), is the number of hori-

zontal alignment points and n is the number of object on the mobile user interface.
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4.1.25.5 Fifth formula to measure complexity (SoE=4)

In the paper of Alemerien and Magel, 5 metrics contributing to the overall complexity of
the screen layout were defined (Alemerien and Magel, 2014)). These 5 metrics are the Total
Balance Complexity (TBC) (equation[.7), the Total Screen Alignment Complexity (TAC)
(equation [4.31)), the Density Complexity (DC) (equation [4.34), the Grouping Complexity
(GT) (equation and the Size Complexity (SC) (equation [4.58). The Overall Screen
Layout Complexity (LC) formula is therefore given below (equation (Alemerien and
Magel, 2014):

LC = ((TAC *wl +TBC * w2 + DC x w3 + SC * wd + GT = w5)/5) *« 100%  (4.68)

All the complexity metrics have been empirically validated and a weight for each
metric was calculated based on the ratings of the study participants. wl, w2, w3, w4 and
wb are the weight for the TAC, TBC, DC, SC, and GT metrics respectively. The values
of those weights are 0.84, 0.76, 0.80, 0.72, and 0.88, respectively. The correlation between
the user ratings and the computational value of the overall screen layout complexity is

0.804.

4.1.25.6 Sixth formula to measure complexity (SoE=4)

The sixth formula of complexity proposed by Stickel et al. is called the XAOS metric. The
formula for visual complexity (X) is shown below (equation [4.69)) (Stickel et al., 2010):

X=Ax0xS (4.69)

A is the number of possible interactions, which can be considered as functional
elements or just actions. O is the number of higher level structures or gestalt groups, in
short organizational elements and S is the summed entropy of RGB values. This formula

has been empirically validated with a correlation of 0.77.

4.1.26 Inconsistency (NoC=1)
4.1.26.1 First formula to measure inconsistency (SoE=5)

This metric is applied in the specific case of Android applications. According to Nielsen,
consistency is one of the most important characteristics of usability in user interfaces
(Nielsen, |1989). Consistency refers primarily to action sequences, terms, units, layouts,

colors, typography, etc within an application state. A clear and clean organization that
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uses consistency makes it easier to recognize the main objects on the screen and to ignore

secondary information when necessary.

The inconsistency metric defined below aims to determine if the entire user interface

is visually aesthetic. Therefore, it computes the metric values of the :

1. Number of GUI elements

2. Element smallness (cfr section
3. Misalignment (cfr section

4. Density (cfr section

5. Imbalance (cfr section

6. Color complexity (cfr section [4.1.17.1])
7. Typographic complexity (cfr section [4.1.18.1)

These metric values are calculated for each screen s and compared by calculating
the standard deviation. In order to normalize the result in a [0,1] range, the result of the
standard deviation calculation is divided by xmax, which denotes the maximum value for

a certain metric over all screens in order to obtain the inconsistency (I) as shown below
(equation [4.70) (Riegler and Holzmann, [2018b):

1 e 1 1 <
=<3 S (2, —Tn)? € [0,1 4,
N & amaz, \| J — 1 (25, = 7n)* €10, 1] (4.70)

J=1

Where z;, denotes the metric value x on screen j and metric n. N is the number
of metrics per screen and T, is the mean complexity value for metric n over all screens.
This formula has been empirically validated with a high degree of statistical significance
(P <0.05 for 3 different applications).
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4.2 Qualitative analysis

Now that the different metrics and their corresponding formulas have been presented, a
qualitative analysis of the papers found in the SLR will be performed via a meta-analysis

of the publications and a comparison of the papers.

4.2.1 Authors

Figure shows the number of author/publication. Figure shows the number of
authors who conducted a study on visual design metrics between 1995, the year when
the first papers describing visual design metrics were published (Kokol et al., (1995 Sears,
1995)), and 2020.
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Figure 4.4: a) Number of authors per paper and b) number of author over
time (based on Villarreal-Narvaez et al., 2020))

A typical paper on visual design metrics has two authors (14 studies, representing
42.4%) or 3 authors (9 studies, representing 27.3%) (Figure {.4h). Four studies were
conducted by single authors (Constantine, |1996; Sears, 1995; Song, 2007; Zen, 2013
while others are conducted by 4 or 5 authors. Figure f.4b suggests that a first peak of
interest was reached in 2010, the year when the highest number of authors were writing
formulas about visual design metrics. It should be noted, however, that new formulas for
visual design metrics appear sporadically and that a new peak could therefore be reached

in the future.

4.2.2 Venues

In terms of publication venues, authors publish almost as much conference papers (52%)
as they write in journals articles (48%). There are no preferred journal or conference
proceeding. Indeed, all the publications are dispersed which add difficulty to locate specific

information.
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4.2.3 Hot topics

Table |4.1]lists the five most influential studies on visual design metrics in decreasing order
of their Google Scholar number of citations (dated July 28, 2020).

Authors Study Year | Citations

1. Ngo et al., 2003 Modelling interface aesthetics 2003 184

2. Sears, |1995 AIDE: a step toward metric- | 1995 122
based interface development tools

3. Bauerly and Liu, 2008| | Effects of Symmetry and Number | 2008 110

of Compositional Elements on In-
terface and Design Aesthetics

4. Bauerly and Liu, 2006 | Computational modeling and ex- | 2006 105
perimental investigation of effects
of compositional elements on in-
terface and design aesthetics

5. Zheng et al., [2009 Correlating  low-level ~ image | 2009 88
statistics with users-rapid aes-
thetic and affective judgments of
web pages

Table 4.1: The five most influential studies on visual design metrics
according to the number of Google Scholar citations

The most influential study is the study of Ngo: Modelling interface aesthetics. In-
deed, in this article there are 14 different formulas of metrics (53% of the total number of
metrics (26) described above). The metrics presented in this study have been empirically
validated with very high correlation and they have also been applied on different screens.
The second most influential study is the study of Andrew Sears. He is one of the first to
have developed a visual design metrics, which is why his paper is often cited. Then, there
are the studies by Bauerly and Liu, in which they developed and validated metrics to
measure balance and symmetry at the microscopic scale. The formulas are computed at
the pixel scale. Finally, the study by Zheng et al., [2009| empirically validated the formula

of balance, symmetry and equilibrium proposed by Ngo.

4.2.4 Number of formulas for visual design metrics

The evolution of the number of formulas for visual design metrics mentioned in the lit-
erature is shown in Figure [£.5] This graph shows that the peak of citations was in 2000.
In fact, Ngo’s formulas were written in 2000 and the validation of his formulas was done
in 2000 and 2001. Although many authors were writing about visual design metrics, very

few formulas were mentioned this year.
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Figure 4.5: Number of visual design metrics mentioned in the literature
between 1995 and 2020

4.2.5 Scope of application of the formulas

All the formulas mentioned before 2018 were interested in the visual design of Graphical
User Interfaces in general. It is only in 2018 and 2020 that formulas specifically adapted
to mobile applications were developed (Riegler and Holzmann, Soui et al., .
It is therefore conceivable that in the future, this subject will gain more and more interest

as the designers will have to develop more aesthetically pleasing Mobile User Interfaces.
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Chapter 5
Conclusion and perspectives

In this master thesis, a Systematic Literature Review related to visual design metrics for
Graphical User Interfaces was performed, resulting into a corpus of N=33 studies. In
these studies, a total of 26 metrics, for which a formula was developed, were collected.
63 formulas have been gathered in this work to measure these different metrics. Among
all the metrics, the most popular one is the balance (mentioned 21 times), followed by
the symmetry (mentioned 17 times), the order and complexity (mentioned 13 times),
the regularity and sequence (mentioned 11 times) and the equilibrium (mentioned 10
time). The most popular formulas for these metrics were the formulas of Ngo which were

empirically validated with a high correlation.

In their publications, several authors seem to agree that balance is one of the most
important visual technique to achieve (Bauerly and Liu, 2006; Lai et al., 2010; Lopez
et al., 2013} Ngo and Byrne, [1998; Vanderdonckt and Gillo, 1999, This metric is so
important that 9 different formulas were developed to measure it. Symmetry is also
consequential but less than balance. The reason is that symmetry is a more stringent
requirement than balance and these two metrics are in some ways related. In their book,
Lopez et al., 2013 described the use and benefit of balance as high. Two other metrics
were given these attributes: regularity and sequence. Regularity is important because
chaotic arrangements are more difficult to use (Noble and Constantine, [1996). A lot of

formula were also developed to measure alignment and regularity.

Measuring order and complexity is also crucial for usability and user experience, as
it influences emotions, understanding and ease of task execution (Alemerien and Magel,
2014; Stickel et al., |2010)). Color-related metrics are also of great consequence because
colors add dimension, realism, and attracts an user’s eye. Moreover, the color contrast

can influence the legibility and can be used to emphasize/deemphasize interface objects.
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Throughout this document, we could have seen that each metric can be calculated
in different ways by computing a set of visual properties that can be quantified with a fair
degree of accuracy. The difficulty to provide an acceptable model of aesthetics measure-
ments resides in the fact that most of the metrics are highly correlated because they are
often the resulting transformation of the same inputs attributes (Zen and Vanderdonckt,
2014). This phenomenon was seen through the different formulas proposed by the authors

which often included the same variables.

Poorly-documented metrics were also collected (like white-space fraction or concen-
tricity for example). Very few metrics took the semantic aspect into account. In the
future, some metrics should be developed for text design in particular (text font, text size
or text color). It might also be interesting to investigate certain metrics more deeply in
the future.

It is however important to note that there are still a multitude of metrics for which
no formula has yet been developed (Vanderdonckt and Gillo, [1999). Among these metric
without formula, we can, for example, mention the horizontality /verticality of the inter-
face, the understatement /exaggeration, the neutrality, the singularity, the transparency,
the distribution of the interface objects among the four quadrants of the layout, the pre-
dictability of the presentation order of the interface objects or the continuity (this list is
not exhaustive) (Vanderdonckt and Gillo, |[1999). These different metrics without formulas

will also need to be studied in greater depth in the future.
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Chapter 6

Appendix 1: Formulas of Visual Design

Metrics for Graphical User Interfaces

6.1 Balance

6.1.1 First formula to measure balance

A first formula of balance (BM) is given below (equation [6.1))(Ngo, Teo, et al., 2000D):

| B Mvertical | + ‘ BMhorizontal |

BM =1 -
2

€ [0,1] (6.1)

BMyerticat and B Mporizontar are, respectively, the vertical and horizontal balance

with:

wr —w
BMvertical - L "
maz(|wg|, [wr|)
wr —w
BMhorizomtal - a b

maz(jwr|, [wp])

with w;: the visual weight of the different object of the interface. The visual weight
depends on the area, color, and shape of the various objects on the interface. L, R, T and

B stand respectively for left, right, top and bottom.
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amax

U]
CLZ‘J'
w; = dy ( + [¢ij = Crrame| + 5ij>
A

0 < (Cijs Cframe, Sij) < 1
Jj=L,RT B

Gmaz 1S the area of the largest object on the frame with:

Umae = max(a;j, it =1,2,..,n;,j =L, R.T,B)

Where a;;, ¢;;, and s;; are, respectively, the area, color and shape of object i on side
J. d;j is the distance between the central lines of the object and the frame and n; is the

total number of objects on the side. Each color is given a weighting between 0 (white)

and 1 (black) (Ngo, Teo, et al., [2000Db)).

Another definition of wj; is defined in Ngo and Byrne, 2001a:
wj; = Z az’jdij j = L, R, T, B

6.1.2 Second formula to measure balance

A second formula exists in order to measure the balance of Graphical User Interfaces
(equation (Ngo, Samsudin, et al., [2000):

BM = (wg, — wg, wr — wp) (6.2)

Where BM is the measure of balance, wy, is the weight on the left hand side (LHS),
wg is the weight on the right hand side (RHS), wr is the weight on the top, and wp is
the weight on the bottom.

The weight of a layout is the algebraic sum of the weight of its components:

w = Zaidi

Where a; is the area of an object and d; is the distance between its vertical central

line and the vertical axis.
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If BM = (0, 0), then the layout is in a state of balance. If w; —wg > 0, then the
LHS is heavier than the RHS. If w;, — wgr < 0, then the RHS is heavier than the LHS. If
wr —wpg > 0, then the top is heavier than the bottom. If wyr —wp < 0, then the bottom

is heavier than the top.

6.1.3 Fourth formula to measure balance

The balance point, b, is the Cartesian coordinate at the center of the visual mass of the
image. This center can easily be found once individual masses are assigned to each pixel.
Black pixels are given a mass of one and white pixels given a mass of zero. Equation
and give the center of balance as (3, y,) where w is the image width in pixels, A is
the image height in pixels and W, the visual weight, is the summation of black pixels in
each pixel column (equation or row (equation . For the experimental procedure
and analysis, b is given as a set of normalized coordinates between zero and one (equation
(Bauerly and Liu, [2000)):

w

> Wiz —x) =0 (6.3)

x;=1

> Wyly—wm) =0 (6.4)

yi=1

- (22) o5

6.1.4 Fifth formula to measure balance

This formula is derived from the fourth formula of balance (equation but takes into
account the color attributes of the pixels (equation [4.53)). Balance is decomposed in
horizontal (By) and vertical balance (By) as shown below (equation and (Lai
et al., 2010):

BH:1—‘2><——1‘ (6.6)
w
BV=1—)2><%—1’ (6.7)

By and By range between 0 and 1. The closer the value of By (By) is to 1, the

better the horizontal (vertical) visual balance obtained. w is the image width in pixels, h
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is the image height in pixels and (3, y,) is the center of balance. The center of balance,

taking into account the pixel color, is calculated below:

h
Wi=Y AC; p

j=1

Wj = Z AOZ‘]‘_B
=1

Where AC is calculated via equation with (H;;, Sij, Vi;) the HSV color of a
pixel block situated at (i, j) and (Hp, Sg, Vi) the background color.

D> Wili—a3) =0
=1

h
> Wi —w) =0
j=1

Where w is the image width in pixels, A is the image height in pixels and W is the

visual weight, depending on the pixel color.

6.1.5 Sixth formula to measure balance

For each GUI element u of each group g on a screen s, the horizontal margins (i.e. left
and right margin, respectively marl, 4, and marr, , ) and vertical margins (i.e. top and
bottom margin, respectively mart, 4 s and marb, ) to the neighboring GUI elements
and borders are measured. Afterwards, the maximum horizontal and vertical margin
among all margins within a group is determined. The mean horizontal margin per group
is calculated and related to the maximum horizontal or vertical margin in the group,
resulting in balhy . This is done analogously with the vertical margins, resulting in

balvg,s.

Uy.s
balh.  — 1 Z marl, g s + marr, g
g7s -
Ug,s <= 2 xmarhmax,

Where U, 5 is the number of GUI elements of group g on screen s. The mean balance
is weighted with the group area A, ; to obtain balh, in this case. This is done analogously

with the vertical margins:
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In order to calculate the balance value (B;), we use the mean horizontal (balhs) and
vertical margin (balvs) and weight them equally (equation (Riegler and Holzmann,
2018h):

B, = balh, —2|— balv,

6.2 Equilibrium

6.2.1 First formula to measure equilibrium
The first formula to measure equilibrium is given by the equation (Ngo, Teo, et al.,

2000D):

| EM,| + |[EM,|
2

EM =1 e [0,1] (6.9)

where M, and E'M, are the equilibrium components along the x-axis and y-axis

respectively.

EM, — 2> " ai(z - T.)
nbframe Zz a;

2N g (s —
EMm — Zz az(yl nyC)
nhframe Zz a;

The equilibrium components depend on the coordinates of the centers of the interface
objects (z;,y;), the center of the frame (z.,y.), the surface area of the objects (a;), the
number of object on the frame (n) and the width and height of the frame (bf.qme and
h frame respectively) (Ngo, Teo, et al., 2000b)).
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6.2.2 Second formula to measure equilibrium

The second formula to measure equilibrium is given by the equation m (Ngo, Samsudin,
et al., 2000):

EM = («Tmyc) - (.TTO,yo)
. (6.10)

EM = (z. —yo) — (Ye — %)

Where (xg, o) is the center of the layout, and (z.,y.) is the center of the frame.
The center of a set of objects of areas ay, ag, as... at points (z1,yl), (22,y2), (23,y3)...

in the xy plane is:

= (S0 500

The equilibrium is reached when EM = (0,0).

6.3 Symmetry

6.3.1 First formula to measure symmetry

Symmetry (SYM) is the extent to which the screen is symmetrical in three directions:
vertical, horizontal, and diagonal and is given by the equation m (Ngo, Teo, et al.,
2000Db)):

|SYMvertical| + |SYMhorizontal| + |SYM7’adial|

SYM =1—
3

e [0,1] (6.11)

SYMoerticat; SYMporizontar @nd SYM,..4i1 are, respectively, the vertical, horizontal,

and radial symmetries with:

| Xtrr — Xprl +1X0 — Xipl + 1Yor = Yogl + [Yir — Yigl+
|Hyyp, — Hypl + |Hy, — Hpgl + |By, — Byl + 1By, — Brgl+
1Oy, = Our| +107, — OLrl + Ry, — Ryl + R,

D/
SYMvertical — 9 LR|
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(Xt — Xpol + 1 Xpr — Xpgl + Yo, = Yol + Yor — Yigl+
|Hyp — Hpp| 4 |Hyg — Hygl + |Byp — Bpol + |Byr — Brgl+

SYMhOTizontal - |@/UL — ®/LL| + |®/UR _ ®/LR| + |R/UL _ R/LL| + |R/UR B RILR|
12

| Xt — Xpgl + 1 Xpr — Xpol + 1Yo, = Yigl + YR — Yip I+
|Hyyp, — Hygl + |Hyp — Hypl + | By, — Brgl + 1By — B+

SYM, 0 1Oy = OLrl +1Oyr — Ol + Ry, — Rygl + |Ryp — Ry
radial — 12

Where X7, Y], H}, B}, ©} and R are, respectively, the normalised values of Xj, Y7,
Hj, Bj, @j and Rj with:

X;=>» |vj;—-=x|  j=ULURLLLR
Y;=> lyj—vl  j=ULUR,LLLR
Hj=> hy  j=ULUR,LL LR

B; =) by j=UL,UR,LL,LR

Where UL, UR, LL, and LR stand for upper-left, upper-right, lower-left, and lower-
right, respectively. (x;;,4:;) and (x.,y.) are the coordinates of the centers of object i on
quadrant j and the frame. b;; and h;; are the width and height of the object and n; is
the total number of objects on the quadrant (Ngo, Teo, et al., [2000b).
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6.3.2 Second formula to measure symmetry

There is also a different formula for measuring symmetry. The second formula of symmetry
(SM) is given below (equation [6.12)) (Ngo, Samsudin, et al., 2000):

SM = {lgvr — 9.z}, [9vr — 9rr), [9ur — gurl; [9rL — 9rr]; [9ur — grr], l9ur — grL]}
(6.12)

Where g; is the weight of the quadrant j. The weight of a layout is the algebraic

sum of the weight of its components:

g= Z(‘xl - .TC|, ’yl - yc|7 li7 bz)

i

l; is the length of an object, b; is the breadth of the object, (x;,y;) is the center of

the object, and (z.,y.) is the center of the frame.

6.4 Sequence

6.4.1 First formula to measure sequence

Sequence (SQM) is a measure of how information in a display is ordered in relation to
a reading pattern that is common in Western cultures and is given by the equation [6.13]
(Ngo, Teo, et al., 2000Db)):

k
_ - | — U
SQM = 1— Zk_A,C,S Z]_ULQ,ZR,LL,LR g ]‘ e0,1] (6.13)

with (qu,.9ur, oz, Ar) = (4,3,2,1) the weighting of the quadrant as it should be to

have the best sequence

if wf is the largest in w
if wé‘? is the 279 largest in w
if w” K

k

k
k

is the 3" largest in w

J
: k

o
— NN W

if w;j is the smallest in w

j=UL,UR,LL,LR kE=AC,S
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vf is the effective weighting of each quadrant with:

wl=¢;Y a;  j=ULURLLLR

U)JC =4q; Z ‘Cz’j - Cframe| .] = UL7 UR7 LLvLR

g

wi=q;Y s;  j=ULURLLLR

)

w* = ( 5L7w5R7w§L7w§R)

Where UL, UR, LL, and LR stand for upper-left, upper-right, lower-left, and lower-
right (the 4 quadrants of the interface). A, C and S are respectively the size, the color,
and the shape of the objects. a;j, ¢;j, and s;; are, respectively, the area, color, and shape
of object i on quadrant j (Ngo, Teo, et al., 2000b).

6.4.2 Second formula to measure sequence

Another study by Ngo, Samsudin, et al., 2000 has defined sequence as an arrangement of
objects in a layout in a way that facilitates the eye movement. In order to improve the
sequence, this study suggests to manipulate the user’s attention thanks to eye attractors

and visual paths.

1) The attractiveness of an object depends on its weight (Ngo, Samsudin, et al., [2000):

axqj, j=UL,UR,LL,LR

Where a is the area of the object and ¢ is the value of the quadrant in which the
object resides with (qy7,qyrs A1z, Azr) = (4,3,2,1). The greater the weight is, the more

attractive the object is.

2) The use of visual paths will improve the sequence because it will lead the eye from
left to right and from top to bottom. Indeed, with this configuration, a faster performance
is likely, compared to the case where the layout requires numerous jumps between widely
separated parts of the display. A complete path is a path that exists from the upper-left
quadrant of the screen to the bottom right quadrant. By definition, the length of a path is
the number of edges and a short path is more desirable than a longer one (Ngo, Samsudin,
et al., 2000).
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To find a visual path in a layout:
1. Start from an eye attractor
2. Move to an adjacent attractor on the same level or the level below

3. Repeat 2 until the last node is reach
3) The formula of sequence is given by the equation [6.14] (Ngo, Samsudin, et al., [2000):

SQM = (p,d) (6.14)

with the following definitions:

~J 1 If a path exists
P= 0 Otherwise

d=n,

Where SQM is the measure of sequence, p is the existence of a complete path, d
is the length of the path, and n,. is the number of edges. This study suggests that an
optimal layout should have a SQM with p =1 and d < 3

6.5 Cohesion

6.5.1 First formula to measure cohesion

Cohesion is a measure of how cohesive the screen is and is given by the following formula
(equation [6.15)) (Ngo and Byrne, 2001b; Ngo, Teo, et al., 2000a, 2000bj, 2003; Salimun
et al., 2010):

|CMp| + |C M|
2

CM =

€0,1] (6.15)

CMy, is a relative measure of the ratios of the layout (1) and the frame of the screen
(f) with:

# Otherwise

ty ifty <1
CMj = { fl 1S
C'M,, is a relative measure of the ratios of the objects (o) and layout (1) with:

CMlo Ez fl

n
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with:

tp =

Otherwise

it <1
fi:{

SH=

with:

hy

bi
hlayout

blayout

Where b; and h;, bjayouwr and Nigyout, and brrame and N gpame are the widths and heights
of object i, the layout, and the frame, respectively and n is the number of objects on the
frame (Ngo, Teo, et al., 2000Db)).

6.5.2 Second formula to measure cohesion

The 4 components of Screen Layout Cohesion (SLC) are described below (Alemerien and
Magel, [2015).

1) Group Layout Cohesion (GLC)

This metric takes into account the relationships (R;) between widgets (w; and wy)
based on 17 attributes that are associated with each pair of widgets (Alemerien and
Magel, 2015)). R;. represents the similarity relatedness between the widgets in terms of
structural and aesthetic attributes. Therefore, when the values of R;; are computed, the
GLC metric can be calculated, where the value of GLC' is the cumulative sum of the

weighting cohesion values for all groups on a given user interface as shown in equation
(Alemerien and Magel, 2015)):

Groups w w—1
RSO il AN
GLC = ;:1: ( CIICEEY /2> G, (6.16)

The ratio of the number of widgets in a specific group (G;) to the total number
of grouped widgets on the screen is considered as the weight of each group (Gwy). w is

the number of widgets, and Ry, the relationship between widgets on a screen is given by
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equation [6.17

Ry + Ry + Ri + Ry + Ry + Ry + Ryt + Ro+ Ryot
Ry + Ry + Ry + Rt + Ruoo + Ry + Ryo + Ry (6.17)

R; —
F Number of relationships

Where h is the height, w the width, [ the left margin, r the right margin, b the
bottom margin, ¢ the top margin, ¢ the backcolor, fs the font size, f the font style, ft the
font name, br the border style, fc the forecolor, x1 the x1 location, x2 the x2 location,

yl the y1 location, y2 the y2 location and al the text alignment.

2) UnGroup Layout Cohesion (UGLC)

This metric uses the value of Ry that is computed in equation [6.17, but Rj is the
similarity relatedness of ungrouped widgets. The value of UG LC metric is the cumulative

sum of the R;; of ungrouped widgets on a given user interface as shown below (equation
6.18)) (Alemerien and Magel, 2015):

S S Ra
LC = &= 1
UGLC w* (w—1)/2 (6.18)

3) Widget Layout Cohesion (WLC)

The value of W LC' metric is the cumulative sum of the weighting cohesion values
for all widget types on a given user interface as shown below (equation [6.19) (Alemerien
and Magel, [2015)):

w* (w—1)/2

Types w w—1
WLC = Z (ﬁ) * Tw, (6.19)
t=1

The value of Rj, are calculated from equation [6.17] The ratio of the number of
widgets from the same type (7') to the total number of widgets on the screen is considered

as the weight of each widget type (Twy).

4) Semantic Relatedness (SR)
Firstly, the S;; value is calculated, which is the similarity relatedness between two widgets

(w; and wy) that exist in a group. The value of the SR metric is the cumulative sum of
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the values of weighting semantic relatedness for all groups on a given user interface as
shown below (equation [6.20) (Alemerien and Magel, 2015)):

Groups w w—1
_ Zi:1 Zk:l Sik * Sw
SR = ;le <(w*(w_1))/2> Sw; (6.20)

The ratio of the number of widgets in a specific group (G;) to the total number of grouped

widgets on the screen is considered as the weight of each group (Swy).

6.6 Proportion

6.6.1 First formula to measure proportion

The following shapes (with their abbreviation and proportions) are considered as aesthet-

ically pleasing (Marcus, [1992):
e Square (sq) (1:1)
e Square root of two (r2) (1:1.414)
e Golden rectangle (gr) (1:1.618)
e Square root of three (r3) (1:1.732)
e Double square (ds) (1:2)
The formula of the proportion metric (PM) is given below (equation [6.21)):

’ PMobject | + | PMlayout ‘
2

PM = € [0,1] (6.21)

PMpject is the difference between the proportions of the objects and the closest

proportional shapes:

1 mzn<|p] _pz|7] - SQ7T279r7 T37d8>
PMobject = E Z (1 - 0.5

i

PM4yout is the difference between the proportions of the layout and the closest

proportional shape:

mln(|p] - playout‘ 7j = &4, T27 ar, T37 dS)
0.5

( (Lt o111
psq7pr27pgr>pr3apds - 17 1414a 16187 17327 9

PMlayout =1-

with:
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T if T S 1
Di = .
Tli Otherwise

Tlayout if r S 1
Pilayout = 1

Otherwise
Tlayout
with:
h;
ry = —
bi
o hlayout
Tlayout = b
layout

Where b; and h; are the width and height of object ¢. bjayout and hygyou: are the width
and height of the layout and p; is the proportion of shape j (Ngo, Teo, et al., 2000b)).

6.7 Simplicity

6.7.1 Second formula to measure simplicity

equation calculates the alignment for each group of object (GA;) and the equation
6.23| calculates the Alignment Complexity (AC) for all groups on the screen (Alemerien
and Magel, [2014)):

SV, + Hy)
2K

Where V), is the number of vertical alignment points, H, is the number of horizontal

Group Alignment (GA;) =

€ [0,1] (6.22)
alignment points and K is the number of grouped objects on the screen.

AC = i G A; x Weight (i) (6.23)

Where the weight is the number of objects in a group (4) divided by the total number

of grouped objects and m is the number of groups on the screen.

Then, the global alignment is calculated as follows (equation [6.24)):

iV + Hy) € [0,1] (6.24)

Screen Alignment (SA4;) = oN
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Where V), is the number of vertical alignment points, H), is the number of horizontal

alignment points and N is the number of ungrouped objects on the screen.

Finally, the Total Screen Alignment Complexity combining the global alignment and
the group alignment is calculated below (equation [6.25)) (Alemerien and Magel, 2014)):

TAC = AC * weightl + S A * weight2 (6.25)

Where weightl is the ratio of the number of grouped-objects to the total number
of objects on the screen whilst weight2 is the ratio of the number of ungrouped-objects

to the total number of objects on the screen.

6.8 Regularity or alignment

6.8.1 First formula to measure regularity

It is possible to measure how regular the screen is thanks to the formula of regularity
(RM) given below (equation [6.26)) (Ngo and Byrne, 2001bj; Ngo, Teo, et al., 2000al, |2000b,
2003} Salimun et al., 2010; Zen, [2013)):

|RMalignment | + | RMspacing |
2

RM — € [0,1] (6.26)

RM iignment is the extent to which the alignment points are minimised with:

1 ifn=1

1 o Nvap +nhap
2n

RMalignment = { Otherwise
TW1

RM pacing is the extent to which the alignment points are consistently spaced with:

1 ifn=1

spacing { 1 — %ﬁi)l Otherwise

Where n,,, and nj,, are the numbers of vertical and horizontal alignment points.
Nspacing 15 the number of distinct distances between column and row starting points and

n is the number of objects on the frame.
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6.9 Rhythm

6.9.1 First formula to measure rhythm

Rhythm (RHM) is the extent to which the objects are systematically ordered and is given

by the equationm (Kar and Zain, 2007; Ngo and Byrne, |2001b; Ngo, Teo, et al., 20004,
2000b, 2003, Zain et al., |2011)):

IRHM,| + [RHM,| + [RHM gycq |
3

RAHM =1 —

€ [0,1] (6.27)

with:

| XL — Xpgrl + 1 X0 — Xprl + 1 X0 — Xppl+
RHM :‘X&R — Xppl + |1 Xpr = Xl + 11X p — X1
v 6

Yo = Yigl + Yo = Yig| + 1Y, — YL |+

RHM, YR —YiRl+ YR g Vigl+ [Yir — Vil

Ay — Aprl + 1Ay — ALgl + 1Ay — AL+

area — 6

where X7, Y/, and A’ are, respectively, the normalised values of X}, Y}, and A; with:

A= ay j=UL,UR,LL,LR

Where UL, UR, LL, and LR stand for upper-left, upper-right, lower-left, and lower-

right, respectively. (z;,y;;) and (z.,y.) are the coordinates of the centers of object i on
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quadrant j and the frame. a;; is the area of the object and n; is the total number of

objects on the quadrant.

6.10 Color complexity

6.10.1 First formula to measure color complexity

This metric of color complexity is applied specifically to Android applications. Firstly,
the number of dominant colors for screen s, numcs, has to be determined. Dominant
colors are colors that are occurring more frequently on a pixel-basis than non-dominant
colors. The dominant colors are then compared pairwise to calculate all possible color
combination matches. The complexity value of the color combination match (cemyg) is
calculated as a weighted difference of the H, S and V values of the two colors (equation
6.28]). The final color combination match metric, cemy, is calculated as the average of
these matches. The more different the dominant colors on a screen s are, the bigger the

value for ¢em,.

5Hc c Sma:c - 550 c Vmax - 5‘/0 c
CCMer 2 = 0.70 % (H—”) +0.15 * (—”) +0.15 % (—12> (6.28)

max Smaac max

For each screen, the number of used colors numc, as well as the mean color com-
bination match cemy is determined. For an app-wide analysis, the color histogram h, of
each screen s is computed. The comparison of the current with the following screen’s
histogram is performed using the Bhattacharyya distance. If the histograms are similar
regarding the distribution of the used colors, the distance is small. That means, that even
if all single screens have visually pleasant color combinations, but the used colors are not
consistently used throughout the app, this problem is detected (Riegler and Holzmann,
2018b)).

The formula of color complexity shown in equation is finally obtained (Riegler
and Holzmann, [2018b):

numc, —
C — numcmiwc + (1 T Ccms) + Chs’herl
s =
3

(6.29)

Where numemaz denotes the maximum number of dominant colors on a certain
screen of the whole user interface, numc, is the number of dominant colors c¢q,co,..on
screen s, ccmy is the average color combination match of the dominant colors, the bigger

the value f and ¢y, 5., is the color combination match of the current screen’s histogram

s+1
hs and the succeeding screen’s histogram hg, 1.
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6.11 Element smallness

6.11.1 First formula to measure element smallness

Firstly, the mean element width and height of each group g of a screen s is calculated from
the width, 4 ; and heigth

mean over all elements U, ;. In order to calculate the mean element widths and height;

ug,s Of each element v in this group by calculating the arithmetic

for a screen s, each element width and height of a group g with the area A, ; are weighted

as follows:

G Uga
S 1 2
wzdthS:A ;Ags gs;mdthugs

Ug,s

a
- 1 2
height, = T E Ags E height,, ,
s g=1 gs u=1

Where Gy is the weighted arithmetic mean of the width and height elements over all
groups and U, , is the number of GUI elements of group g on screen s. Then, widthy
and height, are combined to a single metric : Ej,, the screen smallness (equation
(Riegler and Holzmann, 2018b)):

<1 . Widths) (1 _ height, )
widthg heigh
E, = ! 5 Bt (6.30)

Smaller objects tend to be harder to identify and interact with, so this metric needs

a higher score for smaller elements and smaller score for higher elements. Therefore,

widths and height, are normalized between 0 and 1 using the widths and height, of the

screen S.

6.12 Order and complexity

6.12.1 Second formula to measure order and complexity

The second formula describing M, the measure of order and complexity, is defined as

(equation [6.31)) (Ngo, Samsudin, et al., 2000):

Oy + Opm + Osar + Osoum
C

M = € [0, 3] (C >0) (6.31)

Where Op)/ is a measure of balance, Og) is a measure of equilibrium, Og); is a measure
of symmetry, and Oggas is a measure of sequence. The complexity C of a layout is defined

as the number of its components.
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With order, the objects are seen as forming one piece. The way to maximize screen

order is to achieve balance, equilibrium, symmetry, and sequence while the way to mini-

mize screen complexity is to reduce the number of screen objects (Ngo, Samsudin, et al.,

2000). It is noteworthy that the second formula takes less element in consideration and

is therefore easier but less precise than the first formula.

with the following definitions:

0.5 if wy; = wpr and wr = wp (from equation
Opy =< 0.25 if wp, = wg or wr = wg
0 Otherwise

0.5 ifzx.=2z,and x,. =z, (from equation |6.10))
Opy =< 025 ifz,=ux,0r 2. = 2,
0 Otherwise

p

1.5 if (gur = gur and grr, = grr) and (from equation
(gur = gr and gur = grr) and
(9ur = grr and gur = g1
1 if (gur = gur and grp = grr) and
Osy = (gur = 9o and gur = gLr)
0.5 if (gur = gur and gr = grr) or
(9ur = grr and gur = grr) or
(9ur = grr and gur = gr1)
0  Otherwise

0 ) 0.5 ifSQM > 5 (from equation [6.14)
seM 0  Otherwise

Notice that different order factors have different ranges, depending on their degree

of importance. Balance and equilibrium form a collective factor with a range between 0

and 1. According to experts, the order of significance from most to least is symmetry,

balance (or equilibrium) and sequence. Therefore, the weighting criteria for symmetry

and sequence are 1.5 and 0.5, respectively. The range of the measure is from 0 to 3 (Ngo,

Samsudin, et al., 2000).
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6.12.2 Third formula to measure complexity

Guangfeng Song has developed an algorithm to measure complexity and visual segmen-
tation of web pages. A piece of computer software was developed in Python to visually
analyze web pages. The software start analyzing a web page by splitting it into two im-
ages: one image (TI) only contains English text at its original location on the page and
the other image (NTI) only contains non-text information, also at its original location
on the page. Thanks to these two images, the software is able to divide a web page into
pieces and each piece into even smaller pieces until further division is not possible or not
desirable. The result of this hierarchical segmentation process is a list of blocks for each
web page. In addition to this process, a weighted average formula has been developed to
derive a complexity estimate of each page. The formula is given below (equation
(Song, 2007)):

_ > CSk

C
Sk

(6.32)

Where C), and Sy are the complexity and size of sub-block k respectively.
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A Systematic Literature Review of Visual Design

Metrics for Graphical User Interfaces

Resume

Visual design of Graphical User Interfaces (GUI) aims to con-
tribute to their usability by manipulating their visual components,
such as their widgets, menus, contents and their layout by relying
on a variety of techniques borrowed from general visual design and
aesthetic properties. Therefore, a significant portion of GUI eval-
uation, but not the only one, concerns the visual aspects of GUIs.
Many metrics attempts to characterize, express, and measure quality
properties of the visual design of graphical user interfaces, but with
different names, definitions, formulas, interpretations and empiri-
cal evidences. This thesis performs a Systematic Literature Review
(SLR) for identifying and characterizing visual design metrics for
graphical user interfaces on six scientific digital libraries, augmented
by a snowballing procedure. We will identify a corpus of metrics that
are systematically analyzed. Each identified metric will be described
and accompanied by one or more formulas, the different formulas
and metrics will be compared and their analysis will suggest some
further consideration on how to apply and research further metrics

in this area.
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